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BNL Annual Report 

BNL Monthly Letter 1-0 AEC 

Bulletin of the Yedlcal Department 

V. P. B ond Con t inui flg 

H. H. Rossi 

C. .J. Shellzbarger 
Principal Invcs t iz:E: 
V. P. Bond C. 3. Shellabarger 
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9, Man-Years: 
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.- 

3.1 2.5 3.5 Scientific 5 Professional 18.9 
14.9 16 .O 

6.5 

Otner 
6 .O 5 .O Guests & RES: Collaborators 

28.9 
Tota: 24 .o 23.5 

10. Costs (111 Thousands of Dollars): 

y’y 1970 FY 1971 FY 1972 

Research Div:sion 

Hospital Div:sion 

Kest.arch Costs 

407 535 396 
39 

4 35 

37 25 

444 560 

-- .- 
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Effects of Radiation on Living L'rI:ani:>rns - Yedical Research 

Early anc! Late Efrects of Ra@iaci(n aj DiIferent Qualitv and 
Prolect Title:at Different Dose Rateb -- Ob-O1-31-(3) 

13. Pual icati3ns: 

Shellabarger, c. 3., Bond, V. P., Cronklte, E., Ap,?nte, E. The rela- 

tionship of dose of tot.aI body 6oco radiation tcl in~idence of mammary neo- 

plasia in female rats. Radiation-induced Cancer {PI:OC. IhEA Symposium, , , . 

I, I Athens, Greece., April 1969)) pp. 161-72, IAEX, V:enna, 1969. ,- i' 

Bengtsson, L., Robertson, J. S., Goodman, , 3nd Marino, S. Computer 

evaluation of monoenergetic neutron ~rradlatloni ~n radicbiology, Health 
I- Phys. (in press). '\ /c 

Taketa, S. T., Ca.rsten, A. L., Cohn, S. H., Atkins, ti. L. and Bond, V.P. 
,: Active bone marrow distribution in the monkey. Liie Sci. (in press). ' 2, / /; - ,' 

\ 

Bengtsson, L. G., Robertson, 9. S., Goodman, Id. J. and Marino, S. A.' 

ANY. 

BNL 13551. 

A computer program for the calculation of parameters of dosimetric 
.* . 

significance in monoenergetic neutron irradiat, ons. Informal Report /-; 1 ./ 

Carsten, A. L., Caveness, W. F., Roizin, L., and Machek, J. Bilateral 

depression in photo-evoked response as a late effect of unilateral visual 
cortex x-irradiation. Brain Research (in press). 1; nc, L 7 

Montour, J. L., Straub, R. F. and Shellabarger, C. J. The relative 
biological effectiveness of 2.2 GeV protons fc3r thymic and splenic weight 

2,r , ' / loss in mice. Intern. J Rad. Biol. 15, No. ' , 401-6 (1969). / -I 
- 

J Bateman, J. L. and Snead, M. R. Current research in neutron RBE in 
a mouse lens opacity. Presented at the Symposllm on Neutrons in Radiobiology, 

Oak Ridge Tennessee November 1969, , j! 
17 2,.J 

--- 
14. Scope: 

The primary objectives in these studies are the accumulation of ex- 

perimental information for the development and evaluation of theories of 

radiobiologic action through systematic collection of quantitative data on 

the effects of irradiation on biological tissue including the role of radia- 

tion in inducing cancer. A major research ti.io1 in these studies is the 

Van de Graaff generator modified from its previous pulsed operapion with the 

BNL Cosmotron to provide a steady source of 'nonoenergetic neutrons. 
(Bond, Rossi) 

Lens opacification stc;dies in the mouse have revealed a significantly 

increased incidence of minute discrete posterior subcapsular opacities 
with increasing age or following irradiaEion. At this very low level of 

biological effect, radiation effectiveness has :;hewn a strong dependence 

on radiation quality; relative biological e!fect:iveness (RBE) values above 

1OCl have been demonstrated when neutrons of 0.01+3 Mev were compared to 

250 kVp x rays. T':) ascertain whether simildr minute changes occurred and 

fl1813b (See Continuation Steet) 06-6 



Prior studies witli several different pro1::erative cell systems in the 

mouse, designed to assriy the influence of radia. ion quality and dose rate 

upon radiation effectiveness, also confirmed a liepe,ndence of the type of 

dose-effect upon radiacion quality. This pheno-penon means that the relative 

efficiency of two different radiations will vari according to the dose magni- 

tude at which they are compared. Adequate docunentation of these relations, 

however, requires a biJlogica1 system capable of simple response over brogtl 

ranges of dose, partic’ilarly at low doses where the radiation differences 

are greatest. The mammalian optic lens offers such a system, and is being 

utilized in investigations of xide variation ir biological and physical 

(radiation) factors. This highly sensitive cri teri.on of radiation effec- 

tiveness embodies an “isolated” proliferative (ell system in which progeny 

of the continuously d:viding epithelial germin<il ci?lls mature into single 

lens f:ibers and incorporate into the transparent 1r.n.s body, Visible single 

fiber defects constit’,ite evidence of earlier LilJury to the epithelial 

germinal cells. Multipie defective fibers appear to derive from each in- 

jured cell, causing an amplified biological manifestation. These studies I 

constitute a portion 3f the investigational activity of the joint Columbia 

University-Brookhaver, National Laboratory radiaticn research program. Mono- 

energetic fast neutrons of discrete energies in the fractional to few Nev 

range, 

generator, have been essential to these stiidic,s, as have been the correla- 

ted dosimetry and quality measurements carriec’ 0211 by the Columbia Univer- 
sity Radiological Re:search Laboratory. (Bateman) 

D 

4 
produced by the p-T, d-T, and d-D reactLons on a 7 Mev Van de Graaff 

The objective of another series of stud1ti.s ~n the joint Columbia-BNL 

program is a better inderstanding of the nature of radiation-induced 

chromosome lesions. The fruit fly, Drosophila - melanosaster is exposed 
to >: rays and neutrons in these studies. ( Gon za 1 e 2) 

Several collaborative studies are carried on to investigate the 

effects of x irradiation on the central nervous :;ystem. In studies on 

the effects of x irradiation of the rat forebrain on learning and morphology 

(in collaboration with E. Ingersoll, Medical Col:iege of Virginia), the rat 

forebrain is x irradiated, and the rat‘s lear-ning ability tested at various 

times post- irradiat ion and following various exposures. Post-irradiat ion 

time periods out to 12 months are being investigated with exposures from 

2,500 to 5,000 rads 

ate loss of mental function. Complete light: and electron microscopy is 

carried out on all .inimals. A correlation of loss in function and archi- 

tecture is the desired end result. The body of data relating radiation 

The “delayed maze running ability” is used to evalu- 

I1 I8131 
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Effects of Radiation on Living Crqanisms - Medical Research 

Early and Late Effects of Kadia:ron of Different Quality and 

06-01 -01 - (a) _- Project Title: at Different Dose Rates 

14. Scope: (Cont'd.) 

dose and time post exposure to decrement in ma7.e running ability and changes 

in morphology is incorporated with the results in ather species to develop 

a better understanding of the pathogenesis af ?tie CNS radiation lesion in 

mammals receiving expc,sures in the therapeutic range. Also, a further in- 

sight into structure-function relationships in [he CNS is sought. 

Comparative studv of the effects of x irr.ldiation or, the elasmobranch 

brain is carried on with I. Klatzo, NIKDS. The differing norphology of 

the elasmobranch as compared to the mammalian (location of astrocytes 

grouped in intimate contact with vessels in sharks as opposed to scattered 

at greater distances in mammals), the importance of the astrocyte to brain 

metabolism and as a first indicator of radiation damage, and the unusua1,Y-e- 

sistance of the shark. brain to other injury (particularly to alterations 

in blood brain barrier) have led to an intere:.~ in studying radiation effects 

in this species. Sharks are irradiated with dose:; in the 1,000 to 30,000 R 

range, limited to specific brain areas, and scirral. ly sacrificed for histo- 

chemical and electrot; microscopic evaluation. Alrerations in blood brain 

barrier are evaluate(! using standard tracer and d:je techniques, as well as 

the newer peroxidase met hod. 

The effects of radiation on the monkey brain are studied in collabora- 

tion with W. F. Caveness, NINDS; L. Roizin, Columbia University; and D. 

Farrar and E. S. Graham, Holloman Air Force Base. Monkeys, age 12 weeks 

to 4 years, received whole and partial brain x-ray exposures to the hand- 

face area and visual cortex in single and nultiple doses ranging from 150 
to 67,000 rads. Clinical and EEG evaluation are combined with serial 

sacrifice at post-irradiation periods from 2L tiours to 96 weeks. Normal 

histological procedures and electron microsccpy are combined with special 

techniques of statistical evaluation of alterations in the dendritic 

plexus and synaptic area to correlate changes in functlon as measured by 

the EEG. Special techniques of frequency ancilys is of photoevoked response 

are used in the EEG analysis. In addition, the loss in visual acuity in 

trained animals is !measured following x irradiation of both visual cortices. 

Special surgical techniques are employed to separate the function of each 

hemisphere, in order to study their separate and related reactions to injury. 

These studies are designed to provide information on the relationship of 

radiation dose to the pathogenesis of radiation lesions and loss of 

function, There is particular interest in the measurement of the dose 

threshold for decrements in visual acuity and reduction in photoevoked 

response. The split brain technique combined witit the induction of 

radiation necrosis in limited brain areas, should lead to a better under- 

standing of intrahemispheric stimulatory and inhibitory phenomena in the 

' monkey. The measurement of decrement in vision related to radiation dose 

should lead to a better understanding of what mght be considered safe 

threshold levels for the exposure of normal brain tissue in radiotherapy. 
(Cars ten) 

The long range objective of a major stidy in this activ'ity is to 

understand the mecnanisms of radiation carc :noglznesis. It seems unlikely 

t 
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that carcinogenctic w,.~liLinis:~s will b<> tilt, . 1~ !\)L- .11 1 organs in all 

animals, Therefore, it ,seems reasor~;i'tile to .eiec.t certain organ systerus 

in certain animals for study ~n  he Iiope that as ~II~SC node1 systems ;~rc 

understood the knowjedgc> may be appl icd to pl(?blc!-s of tamor development in 

man. The system to be htudied in greatest cl~tall IS the relatively large 

and relatively rapid neoplastic response of ]-at inammary tissue to ionzing 

radiation. This particiilar animal model nas been selected for the following 

reasons: there is i-;aw '1 large body of basic data on this system; BNL has 

had considerable ex;ieritince with the system; it is a relatively "clean" 

experimental system that lends itself to meaningful experimentation; and 

the rat model systeli appears to be rather cl~~sely related to the human , 
situation. Thus da::a acquired may be interpretem3 in terms of an academ'ic 

interest in carcinogenesi.~ and may be applic,~ble to man. A series of ex- 

periments have been designed to achieve the short range objective of learn- 

ing how changes in :jose-rate are related to zhe magnitude of neoplastic 

response, and what :he relative biological effectiveness of neutrons might 

be for this neoplastic response. Collaborating in these studies arz: 

A.C. Upton at SUNY, on both the design and interpretation of experiments 
and the interpretation of pathologi,cal spec~~ens; J. L. Montour, Medical 

College of Virginia, on a series of experiments dealing with the relative 

biological effectiveness of charged jxirticles of varying energies; and 

L. J. Goodman, Columbia University, on both the production and measurement 
of neutrons, and the design of neutron exper inients. (She1 labarger) 

15. Relationship t.0 Other Projects: < 
1 

Related studit,s on minute discrete sub( apsular opacities include 

opthalmological st(:die:; of Hiroshima and Kagasalti survivors. Related 

studies on ionizinj:, radiation utilizing rnonoene'rgetic fast neutrons 

centered at BNL include those of Smith with -___ Zea maize, and of Sparrow 

and Underbrink wit':i Tradescantia occidentalis, 30th in the Biology Depart- 

ment. Elsewhere, lens opacification studies arle conducted by Christenberg 

et a1 at OWL and Riley et a1 at University of Iowa, but generally do not 

employ nionoenerget LC neutrons; Legeay at CEN Fontenay-aux-Roses used 

rabbits exposed to neutrons of 14 MeV. None of these quantitate the 

;ninute effects produced by very sinal1 doses of radiation at which RBE 

values are likely LO be maximal. Related studies by Barendson and Broerse 

at TNO Rijswijk, Holland; Dennis and Boot at AERE, Harwell; and Berry at 

Churchill Hospital, England, use nonoenergetic neutrons but generally are 

exploring higher d,2se ranges and particularly attempt to relate oxygen 
enhancement to radiation quality. (Bateman) 

Related chromosome aberration studies are carried on by Savage and 

Neary at Harwell; Wolff and Heddle at the I1riversity of California at San 
Francisco; and Berider at OWL. (Gonzalez) 

Related studies on the effects of radiation on tne central nervous 

system include 'dol fgang at Walter Reed .Arm\ Hospital; Bruner, Lovelace 

(See Continuation Si eet'l 06-9 I1 18139 



Effr zts ot Radiation I?, LLL i'~,< Organis's - Mediral Research 

Earcl and Late Effect5 01 KatiiatiLin of Different Qualit; and 
Project Title: at l_)iffiirent Dose Rates 30-01 -111 - (3) 

15. Relationship to ather Projects: (Cant'i ) 

Foundation; Barnes, USM School of AerosDact Xeclicine (Cars ten) 

The following work. Fs related to the radiocarcinogenesis studies: 

H. H. Vogel, Jr., [Iniversity of Tennessee, !as it project concerned with 

rat mammary carcinogenesis and neutron irradiaLi.on. Duplication of somti 

aspects is inevitable. The BNL program is sowwhat broader in scope because 

it is concerned with dose-rate effects and tias the only wide range $nono- 

energetic neutron source. Yu. I. Moskalev, Biophysics Institute, ?loscow, 

has used the rat mammary tumor system; however, this program seems confined 

to only proton irradiation. N. C. Telles, Rureau of Radiological Health, 

USPHS, has a program of' radiation-ethionine mammary carcinogenesis thaix is 

in part an outgrowi:h of the BNL study but w:11 concentrate on the interaction 

of ethionine and x irradiation and thus wil. not overlap the work here. 

Charles Huggins, University of Chicago, and T. '2, Dao, Roswell Park, have 

programs on chemical carcinogenesis m~sing the rat mammary system but these 

are confined largely to studies of chemical carcinogens. L. H. Hernpelmann, 

Rochester, has a program designed tu study *he possible association of 

radiation and breast cancer in man; however, this program appears to be 

confined to survey:; of hospital records and does not include animal experi- 
ments. (She 11 abarge r) 

.- 

16. Technical Procress in FY 1970: 

Slit-lamp biornicroscopic examinat ions were made of unexposed residents f, 

of the Marshall Islands (Pacific Trust Territory) and of Marshallese persons 1 

exposed to fallout from the nuclear detonation at Einewetok in 1954. The 

study included 80 controls and 41 persons who had been exposed to 175 R of 

whole-body gamma rays. (Smaller and statiscical ly unusable numbers of 

persons exposed to 14 R or 70 R were .also examined). The unexposed of 

15 years of age revealed an average of 5 minute discrete opacities each, 

but this value rose steadily with increasing age to a maximum of 25 at 

50 years of age, after which a plateau or slight declLne occurred. The 

preceding extremes were found different at a confidence level between 65% 

and 95%. Persons exposed to 175 R yielded opacity counts slightly above 
their age-specific cbunterparts at the lower end of the age span, then 

rose rapidly with increasing age to a maximum of almost thirty opacities 

per person at the age of 27-33. Above this age, persons exposed to 175 R 

had opacity counts no greater than their age specific unexposed counter- 

parts. The rnaximu,m difference between the two groups was at the age of 

about 30, at which time the opacity counts were different at about the 

65% level of confidence. 

The study of murine lens radiosensitility to 250 kVp x rays as a 

function of age at exposure revealed a maximum occurring at three to 

four months of age preceded by a sharp rise from time of birth, and 

followed by a more gradual decline nut to twelve months, the greatest age 

tested. The sensitivity was about €our tines greater at the maxlmum than 

at either extreme of age. 

(See Continuation Siieet) 
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Eff::cts 01 Rddi3~ion on Livi.12 Organisms - kdical Research 

Ear y nnl Late Effects of iia~ilatic~n of Differeni Quality and 

An experiment designed tc examine redlJction in opacification effect 

with dose fractionation at graded levels of tot.al dose showed similar 

results at total :;ingle doses of &!IO, 200, 50 and 20 rads of 250 kVp x rays. 

In each case, the single exposure was most effective, and in several in- 

stances was more ~ffective than a half dose followed at 24 hours by an ex- 

posure equal to the single dose. This presents strong evidence that the 

first dose has caused the lens epithelium to be considerably less sensitive, 

possibly by a synchronizing influence that causes a large portion of the 

cells to be in a radioresistant stage of tt.eir cycle at the time of the 

second exposure. A cclrollary !ikel~hood wiiuld be that with equal split 

doses, the contribution of the two ioward the net effect would be dissimilar, 

making a meaningf(,l q(Aantitative analysis, at the least, complex. (Bateman) 

\ 

The x ray anc! 0 08 !-lev experiments on Drosophila melanogaster were 

completed. Translocations increase linearly with increasing neutron dose 

inzicating that the two chromosome lesions that. are required for a trans- 

location are caused by the same track. Translocations induced by x rays 

increase with a power of the dose greater than one, indicating that the 

two lesions are pi-oduced by independent trLicks. The RBE varies from 4.0 

at a dose sufficient to produce 1% translocations to 2.2 at a dose sufficient 

to produce 10% trans locat ions, 

Both x-ray-icduced and neut ron-induced recessive lethal mutations 

increase linearly with dose, Yost of these are point mutations or t 

small deletions. The RBE is 1.8. A typical semi-logarithmic survival I 

curve was found for neutrons. The ?.-ray ciirve:; contain a slight shoulder. 

Although these dat.a have not yet been analqzed. the RBE for the straight 

portion of both ~iirves is about 3.6. During these studies it was observed 

that cycloheximide had no effect .3n egg hatching arid data were obtained 
on the effect of maternal genotype on egg tatching. (Gonzalez) 

Three additicAal experiments were carr-ied out in which rats received 

forebrain exposures ranging from 2,500 to i?,000 rads and were tested for 

"delayed maze running ability" at 8, 12, lb, arid 32 weeks post irradiation. 

In contrast to the earlier studies where the observation periods were 

only 4 weeks post exposure and the significant decrement in maze learning 

ability was evident, the decrement was obscrved in only a few animals at 

the 8 and 12 week periods and preliminary iesults indicate no decrement 

in learning ability ir, the 16 week and 32 xeek post i.rradiation period. 

The collaborative work on the radiatic n effects on the elasmobranch 

brain were similarly curtailed due to a lack of funds available for 

overseas travel which is a necessary part cf this study, However, some 

interesting resu1t.s were obtained from the sing;le series of experiments 

done at the Lerner Marine Laboratory, Bimir,i, Comparative studies in 

which rats, cats and sharks were given idertical exposures to the fore- 

brain and cerebellurr indicated the marked c,peci.es differences which had - 

11 1374 I (See Contlnuation st eet) 06- 11 



EfJects of Radiation on Living Organis-ns - Medical Research 

Early and Late Effects .I[ R'ldiai.ion of Different Quallty and 

Project Title: at Different Dose Rates 06-01-01-(a) 
16. Technical Progress in FY 1970: (Cont'c .) 

previously been suspected. Whereas doses < f above 5,000 rads caused marked 

radiation necrosis in the cats and rats, the examination of sharks as much 

as 14 months after exposure to doses of 5,000 1:o 10,090 rads indicated no 

observable effect on the shark brain with the exception of a small rectangu- 

lar pigmented area on the shark's skin at the point where the radiation 

beam entered the tissue. An additional series of sharks were exposed for 

later sacrifice. These animals will be ased for examination of the integrity 

of the blood brain barrier at long periods following exposure. 

The complete examination of functional anti structural change in 

monkeys receiving 3,500 rads to the right \jisual cortex was completed,.' 

As reported for preliminary results, it was found that these animals de- 

veloped a bilateral depression in photoevoked response beginning at approxi- 

mately 55 weeks post exposure and continuing out to at least 144 weeks 

post exposure. This finding was made even more intriguing by the lack of 

any demonstrable pathology in tissues on the unirradiated side, This lack 

of a structural functronal correlate led tc' new studies recently initiated 

involving tne surgical sectioning of the corpus callosum and optic chiasm 

in monkeys previous to unilateral exposure o'f rhe visual cortex. This split 

brain preparation should provide further information concerning the possible 

functional mechanism by which the abscopal depression in evoked response is 
caused. The animals with bilateral irradiation of the visual cortices 

were tested for decrements in visual acuity antl preliminary results were 

confirmed in that all animals begin to devvlop a decrement in visual acuity 

as early as 12 to 14 weeks post irradiatior: antl within a period of a few 
weeks thereafter became functionally blind (Cars ten) 

Dosimetry on a newly constructed Co-60 irradiator was completed with 

a resulting dose-rate of approximately 2 R,hr. This irradiator is now 

being used to study the effect this low dose-rate has on rat mammary 

neoplasia. Gosimetry on low-level Cs-137 sources available in the Biology 

Department was not done for two reasons; apparently adequate dosimetry will 

be done by others, and it does not now appear useful to go on to even 

lower dose-rates that can be obtained with the Biology facilities until 

results are in hand'at the dose-rate of 2 K/hr. Dosimetry at the RARAF 

neutron source will be more than adequately done by the FWRAF group by 

the time actual exposures of rats are beguir. 

Preliminary tiata on the effect of age at 11he time of exposure on 

incidence of mammary neoplasia were collect.ed and it appears that animals 

exposed at 24 days of age are less sensitive than those exposed at 42 or 

84, or 225 days of age. If confirmed, this age dependency will have a 

practical application, i.e., age at time of exposure must be controlled 

in each experiment, and data collected frori animals at differing ages at 

time of exposures cannot be compared direccly. Also, it is often stated 

that radiation sensitivity increased with decreasing age. Since the 

reverse appears to be the case in this experiment, an additional experiment 

may be designed,  sing a partial bod3 irratiiation technique to shield the 

(See Continuation Sr eet) 06-13 



ovaries, ~n order to trst the concept t1,at the lowered mamlnary neoplastic 

response in young rats rray be due to an increa_ced radiation sensitivity 

of the yoilng ovar) , 

A short-term frat tionation experiment was completed. Four hundred R 

given in two equal fractions at intervals cf 0, 3, 6, or 24 hours produced 

incidences of namn:ary neoplasia that were r,ct different among the 4 irradi- 

ated groups. Thi:, means that an "Elkind-ef fect" or repair of sublethal 

radiation injury \;as either not present or too small to detect, Since cell 

killing and sublet ha1 repair mechanisms hale been implicated as being tm- 

portant in radiat:.on tarcinogenesis it -my be ucrthwhile to retest thcs 

hypothesis under rvore rigclrous conditions t y fractionating a higher dose 

delivered to only a snail volume of breast tissue. 

An in vitro .rradiation experi,nent ha: been started. One block of -~ 
breast tissue from the inguinal area was ri'moved, exposed to 800 R of 

x irradiation in 7;itro and returned to the dorisum of the same animal while 

the contralateral area was auto transplanted wi~rhout irradiation. Interim 
- -- 

results consist 0: a few rnammnry neJplasis found only in the irradiated 

t i.ssue. 

Because the Lewis strain oi rat is an inbred strain and this offers 

certain advantage', in transplantation experiments, a small group of Lewis 

plastic response t.0 total body irradiation Interim results indicate the 

Lewis rats give a considerablv sqallcr ,,IC d (if mammary neoplasms than do 

Sprague-Dawley ra .s 

rats is being compared LO Sprague-Dawlev rlts in terms of mammary neo- e 
4 

Since the ex3eriments of Vogel, that  re incomplete, have indicated 

an RBE of approxi'nately 40 for fission neutrons in producing mammary 

neoplasia, a group of rats were exposed to a graded series of doses at 

the Medical Research Reactor in an effort :o gather additional data on 

the RBE of fissio? neutrons for mammary ne iplasia znduction. (Shellabarger) 

17. Expected ResJlts in FY 1971: 
- 

A more precise definition of the incidence of the lens opacities 

in man as a function of age will be attempted. The latter data will not 

be combined with that of the unexpcsed Marshallese, however, until it is 

evident that there is no basic difference between the two geographical 

groups. These urlexposed data, showing nor-iial incidence of minute opacit- 

ies with age will constitute a baseline, against which persons exposed to 

radiation of known physical characteristics ma.y be meaningfully compared. 

Persons in this category include those exposed in 1958 at the Vinca reactor 

excursion and in the OWL Y-12 criticalit) accident, A comparison of lens 

findings between these two groups might be pertinent in view of the exten- 

sive discussions in the literature of the1 r relative radiation ex?osures 
and hematological findings. 

- 
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Eftects of Radiation on LiV ng Organisms - Hedical Research 

Earl) ,ind Late EPfecrrs of K<idial:ion of Different Quality and 

Project Title: at Different Dose Rates -~ 06-01-0!-(a) 

17. Expected Resi,lts ir. FY 1971: (Cont'd 

Studies on radio-induced iens opacification will involve: 1) exposures 

to fast neutrons of previously untested enrrgies, 2) hyperbaric exposures 

in 100% oxygen and hypoxic exposures to fast neutrons of previously tested 

energies, and 3) ;I revised experivent dealing with x-ray fractionation. 

Histological investigations to parallel the recent radiobiological experi- 

ments will include an attempt to determine tne actual numbers of germinal cells 

in the lens epithelium, utilizing tritiatec thymidine, and study of the 

hyperplastic anterior polar opacity, This easi.1y-located unifocal lesion 

differs markedly :.n appearance, development ontl response to radiation from 

the multifocal posterior subcapsular opnci: ies. (Bateman), 
4 

Mature Drosophila sperm will be irradiated with a mixed dose of 

neutrons and x rays in an attempt tc detect int.eraction between chromosome 

lesions produced by x rays and similar lesions produced by neutrons. If 

such an interaction can be detected, the rt joining distance between chromo- 

some lesions will be calculated. At preser:t only upper limits of this 

distance can be estimated. The finding of such an interaction will also 

eliminate one of two models that explain ot'served 1 inear dose-response 

curves for neutron-induced chromosome exchange and translocations. Recent- 

ly, Savage has proposed a new hypothesis fcr chromosome exchange that 

differs fundamentally from the generally ac cept:ed hypothesis of Wolff. 

-- 

Mature Drosophila sperm of various karyotyi'es will be irradiated and their 

t rans 1 oca t ion f re q ue nc ie s de t e rm i ne d to t e :~ t t he se two h y po t he se s . ( Gon za 1 e z ) 

Studies of radiation effect. on the elasmobranch brain will be con- 

tinued. Animals exposed earlier will be sacrificed and examined for late 

changes related tc their radiati.on exposurc, Additional animals will be 

irradiated and put in holding tanks for late effects studies. 

A second serj.es crf monkeys will be operated upon using the split 

brain technique and then receive either un: lateral or bilateral x-ray 

exposure of the visual cortex. Since it i: too early to define what 

changes were seen in the animals started last year, the handling of this 

new group of animals cannot be predicted at this time. For determination 

of'decrement in v.isual acuity, two additior.al groups of monkeys will be 

sxposed with dose:; in the 500 - 1,500 rad range and tested in the same 

manner as the animals previously exposed at 3,500 rads. Depending upon 

the outcome of this study additional animals w:.11 be exposed and tested 

to determine the i-hreshold for the radiati(n e:ffect in terms of decrerrent 

in visual acuity. (Cars ten) 

In the studies on radiation carcinogenesis two new experiments are 

planned. First, {:he mammary neoplastic response to a dose-rate of 

0.035 R/min. will be compared to a dose-rate of 50 R/min. at various 

doses. Secondly, the split-dose technique will. be applied with partial 

body irradiation procedures in an effort tc learn if repair processes 

I I I8N4 (See Continuation Si eetj 06- 1L 



air? important in rLi(!iQi~Lc):i carcin\?P,C:it'si';. E:~.prrimi~rits on the KBE study 

of fission neutr,li:;, tiit' cffect of set' d~ :ime of e>.pi~sure, the Lewis rat 

sensitivity study, .inti :he in vir-ro irratii it ion sEuciv should be completed. - -- 
(Shellabarger) 

-- -- I__ 
18. Expected Resil-s in FY 1972: 

~~ 

It is espect'id thiit lens op:icific:it;ci I studies will be discontinued 

with the departur,? i:f the principal iiivecit Ldator. It inny be possiblr. to 

continue some stulitbs on a col1abora:ive bisi;. (Batvman) , 

Drosophila studitbs will cont iruc baspi 'en findings during the prc'vious 

year; experiTents irivLllving Stag(, ? ,ind I-;[ Ige 16 oocvtes will be initiated. 

(Gonza 1 ez) 

Continuation o! taxperirnents on :he c e itral nervous system is planned 

but is dependent in financial suppcr: rf L ~llabor~~ting organizations. 

(Cars ten) 

Additional c,2rcinogcnesis studies aril pianned but the exact experi- 

mental design will c!epend upon the resu!t.s of esperiments completed 

in the interim. icxtensive studies on the, *{BE of 0.A3 and 1.5 MeV neutrons 

for rat mammary ntioplasia  re pianned in riis year, or sooner if possible, 

depending upon an.m;tl care spacc and the n~ailability of neutrons. In 

vi.tro experiments will be extended in an effort to .study the initial- 

events in radiati in carcinogenesis in n:or-c' detai 1. Also, interactions 

between high LET ,-ac!i.Ation and i:hernic.ii c,i.-cin:>gens on rat mammary 

carcinogenesis wi .1 bt, studied. 

If it is posc;ibl~l to employ a senior >cientist of the caliber of 

L. Feinendegen, a nc'w program can be pursut!d in depth, in which both the 

short-term and 1o:ig-term effects of the in:orp82ratior of H-3, 1-125, and 

1-131 into nucleic acids will be studied. ,I portion c~f this project will 

fcscus upon the to.:ici:y of H-3 and the efitrct of the position of H-3 

in rings upon its biblogical effect. In connelztion with these studies, 

radiation effects wili be compared when produced by either H-3 or 1-131 

incorporation inti.) DNA. Finally, 1-125 inc'orporated into DNA will be 

studied and compared to 1-131 in regard to radiation effects of the two 

radionuclides. Additional emph2;is will bt> placed upon studying the 

effects of 1-125 iecause this raJionuclide emits Auger electrons. Thus, 
the disintegratiorl cf an 1-125 atom offers additional possibilities for 

producing biologi,.al change over and above the conventional release of 

radiant energy. ':'he effects of H-3, 1-125 and 1-131 incorporation into 

nucleic acids will be studied from tlrv st.31:dpoints of biochemistry, 

cell kinetics, an(. carcinogenesis, (She1 labarger) 
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Effects of Radiation on Li~ing Organisms - MedLcal Research 

Early 3nd Late Effects i)f Fadiation of Different Quality and 

00-01 -01- (a) ProIect ~itle: at Different Dose Rates __- 

19. Description ~nd Explanation of Major ?13tccials, Equipwnt and Sub- 

con t rac t I. terns : - 

No unusual equipment is required for I ne ‘drarious research studies. 

It is expected hodever, that further work on modification of the Van de 

Graa€f generator ind on the target areas w 11 require approxiTately $66,000 

capital funds in FY 1971 and $40,000 in FY 1972 

20. Proposed Obligations €or Related Cons’ructron Projects, if any: 

Bio-Med conj\rnct facility 

. 
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2. Project Title: 189 No.: 

Effects of Radiat: on Living Organisms - bledjcal Research 06- 17 

Me c han i srns and Ra;' i cs c,ri s i t. i v i t y of 1 mnune F e a c 1' i on s 

3. Budqct Activitv , N ~- >. 

06-01-01- (b) ?lay 1970 

- -- 
5. Eiethod of Report13 6 Work~ ni: Locnt io I' 

Broolch,ivcn NaL ional T-aboratclry 
BNL Annual Report 
BNL Xonthly Lette ts AEC. 

Bulletin of the Bt diccii Departrwnt 
.L'''[ C'f ACT MATERIAL RFMOVED 

~_____I____~__- 

8. Projcct Tcrm: 7. Pc:rson in Charye: 

R. D. Stoner Con t in11 ing 

L. D. Hamilton 

PrinciDal Investi 'a:ot From: To : 

8 

i 

R. D. Stoner 

L. D. Hamilton 

9. Pian-Year:;: 

Scient i f ic & ?r of s s i ona 1 

Other 

Guests & 1,es. Ci)llaborn::ors 

FY 1970 FY 1971 FY 1972 

3.4 1 .o 2 .o 
I. CI . 1 8 .O 10.1 

- 1 .o 1 .o 

13.5 10 .o 13.1 

10. Costs (In Thousnidi o: Dollars) -- -- 
FI' 1970 FY 1971 FY 1972 

Research Di\ 15 i i'ri 151 165 214 

Hospital Di\  is:!^? 2.r, 15 46 

Re:earc !, Costs '75 180 260 

______-- -- 

12. Materials: 11. Reactor Concept: __ 

- 
l', c- 
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Laissue, J., Hess, M W , Stoner, R J Rieuwbl, H. and Cottier, H 
Regional disparrtv of gerTinal center deve ipmennt in neonatal ib ti1ymecto~1zed 
mice after strmul~tiot- with tetanus tci\oid Ls~phatic Tissue and Germinal 

Centers in Inrnune Response, Si~re-Dorat: i ~tl K' Hznne, Editors, pp. 285-Y2, 
I Plenum Press, New Ycr<, 1909 -I 4 

Sordat, B., i;ord,:lt. M., Hess, M h'. . ;toner, R. D. and Ccittier, )?. 
Specific antibody wlthin lymphoid ger!l'incll center cel 1s of :,,.ice fl)llowing 
primary immunizat ton 'xith horse-radish per )sidase: ii light and electron ,~, 7sr, 

microscopic study J Exp Med. 131, No , -7 i1-9; (1971)). _./e 

- 

Stoner, R. D., Straub, R. F., Moore, e' H. and Jesseph, J. E. Raciio- 

sensitivity of immune responses to 7 2 ReL' 1)rotons -1 - radiation ana 
,I;' i -5 : 

x-radiation. Radiation Effects ;!, 9:-1c)L :1369) J /Jd 

14. Scope: 

__ 
-___ 

The study of immune mechanisms in one of the major programs in this 

budget activity is comprised of three interdependent areas of research: 

(:.) the repressive effects of ionizing radiations on antibody responses, I 

(2) radiation-enhanced susceptibility to a-iaphylactic: shock, and (3) pro- a 

liferation of lymohoid germinal centers in lymphoreticular tissues after 

antigenic stimulation Emphasis is dire(:t*zd in these studies to the 

highly immunogeni: properties of complexes of antigen and antibody in 

eliciting earlier and enhanced antibndy responses, at; compared with the saxie 

antigen (retanus toxoid) administered either in soliible or adsorbed form. 

In order to provide a broad basis for the ..fficacy oi primary immunization 

with complexed antigens, two additional and unrelated antigens, bovine 

serum albumin (BSA) and horseradish peroxijase (HRP) are used in compara- 

tive experiments. The work Kith BSA is in collaboration with Terres (Tufts 

University). The s-tudies with tetanus tsx3id and HRT are carried on with 

Cottier, Hess, Sordat, and Laissue (University of Bern, Switzerland) and 

Odartchenko (Cancer Institute, Lausanne, S;itzerland), 

The protection afforded by normal im:rine responses in the prevention 

and control of infectidus diseases may be severely repressed and/or 

abolished by whole-body exposure tcr sub-Lethal doses of radiation. On 

the other hand, nsrmal immune responses nced to be repressed for success- 

ful transplantation of tissues and organs. AntiSody responses in normal 

individuals may also give rise to serious ;>roble.ns, such as hay fever and 

immediate anaphylactic shock. Previ-)us wcrk in this Laboratory has demon- 

strated an increased susceptibil it? of irradiated mice to fatal anaphylactic 

(See Continua t ion <' lee t) 06- 18 



shock. Sipce entin ~rtdd ~ntibod> responses I- iy be obta-ned in norma: and 

irradiated mice witii .~::ti:,cn-antiboay coqplL>ses, studies are designed to 

ex,?;ore the anaphyla t )genic prsperties of :::opieses [If antigen and antibody 

formed in antigen 2s. e:,s, equivalence and (I.',! !body C'XC~SS. 

Present finding; :,haw a close iiss3c iat~on between the appearance 

and growth of gerrinril centers in pcpl i teal nodes ,ind the appearance of 

serum antibody. Inmiin? derects in so-ca! lei.! ~rnmiinologic deficiency syndroines 

in man may result tr develop~ental disorders of inmunologically active 

tissues. Developn..<nta: failure of ci 1i"PiIold tiswe :lay result in a f4:nction- 

a1 deficiency, abst2nce <if sne or moIe i~mun~glob~~lins L3nd in morpholojii- 

cally detectable d.1fect-s. It see:ns 1 ikei.i that new F;C~rminal centers may 

have their origin frlxrr sensitized cells, 1.2 , cells previously exposed to 

a specific antigen A: ti~ough germinal (ent.zrs contain iamunoglobul ins as 

shown by immunoflu,resc.ent methods, L: 1s n;ipnrent that most immunoglobulins 

lie on the surface o: cells or in reticcl~i~ ielis within germinal centers, 

Present findings wit:. HRP antigen provide e,gidence for antibody formation 

by lymphoid germin.31 ctjnter cells a.i well AS persistence of antigen and/or 

HR P - an t i bod y c om p 1 .i xt: s be t Le e n d e nd r i t i i r c t I c u 1 a r c e 1.1 s . 
ernphasj.s will be gLv(in to primary inim:inization with antigen-antibody com- 

plexes prepared wich IgG globu! ins. lComplt~.res of tetanus toxoid and 

specific human IgG are ,ilso being prepared for primary immunization in man. 

The long-range pur3oc;e of this research is t,' extend t~he principles of 

enhanced immunizat 101, :ternonstrated with tile present complexed antigens to 

situations where a'it:q:jn:, of bacterial, vir-il , proto7,clan and parasitic 
origin are poorly in:i;:enic (1s toner) 

I nc re a s i ng 

In :he other -,a jor ;irogram in this activity the neciianisms of delayed 
hypersensitivity a id alltibody productioc tinue as long-range objectives. 

Short-term objecti~e:. :nciude: (1) the efi;.ct of inimune serum in the trans- 

fer of delayed hyper:;ensitivity with cell:; from animals repeatedly sensitized 

to x-irradiated re:i;ii?nts, as well as the dntibody response in the 

x-1-rradiated recipiects; (2) the effect of repeated sensitizations on the 

transformation of ;ensitized Lymphocytes tn vitro; (3) the ability of 

various purified eitracts of the T. spiralis antigen to induce and transfer 

delayed hypersensicit2ity and/or antibod:, pr3duction; and (L) the effect 
of synthetic doubl.3- itrnnded RNA on clt?laye(! iiypersensi :.ivity and/or antibody 

production. 

- ___ 
- - 

The aim is to master the immune response for the betterment of the 

treatment of man. As .linical staff is a'Jailable studies will be resumed 

on diseases in whi:h tile etiology appears t be the production of anti- 

bodies against the individual's own t iss~es--auto- immune diseases--such 

as rheumatoid arthrit~is and deTyelinating diseases of tie nervous system, 

e.€;. multiple sclerosi.,. Those diseases, e g. Hodgkin's disease, in 

which there is imrn~ino1,~gical impairment as 1 result of the replacement of 

normal iminunologic~il tissue by malignant !\:nor also will be studied. The 

possibility that H)di.k!n'c tiisease TR'J cir'~+' as ;I resalt of somatic 
- 
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r!utat;on inc: ic!,d b.~ i~vperst:mul~it1on jI the immune system is of interest. 

Lhere is ,I p:~i.ai:: lit.; tiiat van;' SO-L i! led auto- immune diseases may be due 

to environme.:t,il ccii?scs, incl:,ding ra.iiation. as a result of induction of 

sonntic ~i.~ts:i(~n 11'. t:ie inrnune tissue, or by the chance cornplesing of 

chemicals ir 'T t!~e environment xith t'ie body's own cells or by the physical 

agent alterL-12, :!,e cells' menbrnnes s> that they are recognized as foreign. 

Such co~piesis 3r ,iitered cells then ict as antigens, giving rise to anti- 

bodies again :t t.le tissue previous!:: :ornplexed or altered. Studies on the 

immane ~echa.li~,m~; in rtiese condi tioris are designed to understand the;e pro- 

cesses, to b ock or ,?iter 'some of t:w reactions for therapeutic purp~ses. 

Clinical stu !itAs, iiowever, ;ire depend,?nt upon the necessary clinical staff. 

m 

(Hamilton) 

.~ -- 
15. Re!atio:lst:i:? to Other Projects: \ 

t 

Reiated wc'i-<s include studies by E. P. Cronkite et a1 on homograft 

rejection an'i R. A, Conard on 1ymphnc;te cultures at BNL; W. Taliaferro et al, 

Argonne Nati.inc2 1 Laboratory, on radioiensitivity of antibody responses; N. 

Gengozian, 0.ik RidSe, on b0r.e -narrow rransplantation immunity; 0. Vos, m0 
Radiological DeEt2nse Lab. , The Netherlands, on bone marrow transplantation; 

D. van Bekku:~ et al, Kadiolcgica! Ins::itute, TNO, The Netherlands, on 

immunology 0:- tr.insplantation; H. Xi.c<lem, University of Edinburgh, Scotland, 

on radiation LiI:d transplantation; E. 3etz and L. Sirnar, University of Liege, 

Belgium, on :-adi<ition and (antibody priduction; M. Simic et at, Boris Kidric' 

1nst:itute of Xuc lear Sciences, Yugosl ivia, on radiation and antibody pro- 

duction; X. :~ilv~~r~an, U. S. Naval Bi >logical Laboratory, Oakland, on cellu- 

lar and anti )oti;. responses in transpl intation; and F. Fitch and R. Wissler,< 

University (1' (:!~.cago, on radiation a"id antibody formation. 

Alchoug I m:j. (IT the .~bove inves igators ~ork on closely allied 

immunologica 1 r,bie.nc,, studies here 1iff.r fror their projects in three 

basic condit ans (1) the maj3r antit;en Jsed (tetanus toxoid) is cornmonly 

used in man, (z) A functional antigen antibody test system (neutralization 

of potent tei aru, toxin) is used to w'asure antibody titers; and (3) the 

immunogenic ,rcpc~rti~~, of (.omplc'ues tetanus toxoid and specific LgG 

globulins art be nq tested in normal ind irradiated mice. (Stoner) 

Other r( LattJd studies inclcide wov-k 0-1 the lymphocyte by Makinodan 

at Oak Ridge Nnt onal Laboratory; on -he fate and function of the lympho- 

cyte, especi<.ilv :n the homogrart rea tion and the graft vs. host reaction, 

by Gowans at Or1 ~rd~ <ind by Medawar '1 id Mitchison at the National Insti- 

tute for Xed ca! Research, London 

The rolt cf iyrnpnocytcs ;n the transfer of delayed hypersensitivity 

on the homos aft reaction is beins \t idred in nan by Lawrence at New York 

UniLrers~ty; n i;~~ineLi pigs hy Chase .l* Rockefeller Institute and Bloom 

at Albert Ei~stnin Henacerraf at tiits National Institutes of Health and 

Dixon 2nd as,\)c 1 itt'~ it IJ Jnl :a arc nvestigating the role of leakocytes 
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A series ,~,f e:.:perinents con+cir,itive radiosensitivity of primary 

and secondar: an!.ibody responses eli~ itcd with the sax amount of FTT in 

complex with d~fferent amounts ~f ant :ijc)dy indicate the following: (1) 

coinalexes formed ~n antigen c1ct3ss \ir at equivalence are more effective 

than complex..s in <int Lbotiy c:xcest; In !1 iciting both primary and secondary 

antitoxin re;pc!n>;e:; in mice; (2) FTT .:iven alone 3s a booster injection 

is rnore effe:t:v> than the sane arno1.1rrt of FTT given in a complex (in vivo ' 

complexing o :cII~:, ~n this s I. hat ion, -"iien aninial s have experienced an 

earlier prim.ir;: imr.unization); .ind 1: > i rradiatcid mice (400-500 rads) re- 

cov12r the ca.)a( it;; Cor respondi:ii; t.) ir:t igenic stimulation earlier (8-10 f 

equ iva 1 I? nc e. 

-- 

day:;) wile11 t t #':(I 1:; in)"': t(:d i:] i cnrnplex !n antigen excess or at 3 

In prevLo!is i~aiiie:; her-e, it x,i.c reported that there were very tiigli 

antibody res )ciiist:s ti) BSA iri r.ot-nLi! .i :J irradiat.ed inice (300 rads) when 

the nnivals Jere primcd with ciin:pie-. formed at equivalence of BSA and 

rabbit ,inti-,3SA. X sticond injection USA given 3 to 6 days later 
i! 1 i c i t ed h is ,I an t i bod >: 1-e s po n se :i w i t- lo days. X series of similar 

experiments 'hiere carried out :ii norm<i. 3nd irradiated mice (400 rads) 

prined with L co.~iples of FTT ,lad :not::, 1 antitoxin formed at equivalence. 

Radiation xa; delivered one fio~r be: e '4 second injection of FIT. on days 

3, 6, 9, and 12. Enhanced antitoxin -c.sp:inses xere obtained in both 

normal and irradiated ani.mals. In ?;c :eral, the irradiated mice produced 

higher titer', <\f anti( oxin thdn ccr1-e ,;:onding ccntro! ani3als. .A tenable 

explanation  or 8- his ;ihenoinen(>:i :s evident at this time. (Stoner) 



E! :t?cts 31 Radi'i:: ion L' 2 L~ving Organisms - Medical Research 
Project T:E..~: Mechanisms and Radiosensitivity of Immune Reactions 06-01-01-(b) 

i 6. Tecklnlc <i1 i.';z;:ress in PY 1'379: (( cnt Id. ) 
.__ 

- 

thereafter. A:. th I'eJk, t:?e I-iactiL n was diffused, slightly hemorrhagic, 

circumscribc~~i '>> ;laic cdes:n, ;inti sigi- ilicantly smaller in size tiian the 

typical deisycA resp<>nse, 

Antiboc y 235 detected by passive cut.aneous anaphylaxis (PCA) in all 

donors even .;her serum sani;)les were t- i lut.ed to 1:320. Precipitating 

antibody wa:, detected by t.he ring te:t in all donors with titers up to 

1:3200. Active systemic anapiiylaxis ~ns used to determine whether the 

circulating antibody present in donors wits of the quality and quantity to 

cause death &her, challenged ~~th antigen. Between 22-24 hr after skin test, 

each repeatcdlv sensitized donor was ihal lenged intravenously with a shock- 

ing dose of ant14en (1.90 mg rota1 p1otei.n). Approximately 50 percent of 

donors succ~mbed as a result of acti,.e systemic anaphylaxis. Th,e double- 

layer immunt fl:~orescent technique shr wed far more cells from ahimals re- 

peatedly sersit-zed f luorescin~: ana '-ore brilliantly than those from animals 

sensitized c nl:i ince, implyin,< ,<reatc.r antibody content. Also, A greater 

nuzber of pjaswi cells were o9served in preparations from repeatedly sensi- 

tized donor: titin from donors sensi t: zed only once. 

Stretcl pr<!parations of the 100: e connective tissue of donors, showed 

typical per:.vasi ular infiltration with a predominance (94 percent) of 

mononuclear cells identical t.) that :,een in donors exhibiting typical de- . 

layed hyper:-ensi tivity. Under the i' ectron microscope, the lymphocytes ~ 

were distinct iri many ways. The cel s appeared less spherical with a 

more eccent: ic riilcleus and we! 1-deve oped endoplasmic reticulum filled with 

e 1 e c t ro n - o p.: q [.e -,a t e r i a 1 ; 

plasma cell 

t hu s t he )i io re ne a r 1 y re s em b 1 ed ant i bod y - prod u c i ng 
I 

i 

When !.:mph node cell:.; fr<i-.1 repe,itedly sensitized donor animals were 

transferred tc normal rec~pients, sk. II reactions in recipients were 

negligible, so new ha^ I ike the Arthus ratlier than che delayed hypersensitivity 

type. They were negative in many an zals. When present, they began as 

very small, hewirrhagic spots. Later circumscribed by pale edema, but the 

size of the reai:tions was always ne< igible. 

In x-irradiated (150-200R) rec:.)ients, skin reactions were also 

minimal, wh':tiler the donors had been sensitized once or repeatedly sensi- 

tized. The onlf dif€erence was the ::me at which the reaction reached 

its peak, i e ~ the peak was sooner ;bet'nleen 4-12 hr) in x-irradiated 

an;mats recI:i~:ing cells from donors repeatedly sensitized, and later 

(between 21 -2i 'irj in x-irradL,jted animals receiving cells from donors 

sensitized )n;y once Anti.bcd:i was ietected by PCA on day 1 in animals 

receiving ~~31:s from donors repeated.! sensitized. Antibody response in 

x-~rradiatef :-e ipients is ncw beirix 

In stu,lies on transf13rm;it ion Lit 

smears made 0: :ymph node ce! 1.; fr0.n 

predominanc f small lymptioc ;;tes; ;I 

(See Con t 1 nua 

Lested. 

sensitizea lymphocytes, -- in vitro, 

~~imals sensitized once showed a 

asma cell:, and eosinophils were 
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idt.,en 1 :i .('i 1 ph r;ode ells (<-.iz:o>,t exci is:veIjr lyqphocytes) from 

animals sen: itized ly clnc.2 :;ere it ted yitii 0.1-0.5 ml of antigen for 

5 days at j;'O, 19-13 percent \if l.;ni;j' tes fron skin-rested animals were 

transformed intci "blast-: ike" cells; .]:id 6-11 percent of the cells from 

sensitized t ut rian-skin-ttisteti ani7:a: i; x~re transformed. When 1 x 10' cells 

from animal: rel\?atc!uly s~iiisiti~e2 Kt ri: :.ncubated with 0. 1-0. 5 ml of antigen, 

6-11 percenl ot the cells fro- s~in-:csted aniials were transforned into 

I ~tie ieA Is from sensitized but non- 

~lpproxiiate ly 1-2 percent, of the 

''hlcist-l ike" ce! 1 s Thus ,I repeated 

(: ici:ion brit do not appear to increase 

1 t rnnsfori into "blast-like" cells 

and the rea-tic)iis did not appe 1~ J:it 

peak reactiin rnecisured 'I I. o T;T in 

hr One reison t~r the vini~a; re it 

be dile to t 3.e fac t that these t".tric 
i 

saline extrict. The dia1;;;:ec inti.::'; proved to be slightly more sensitive 

in sero1ogi:a: r.esc than that nrc~ct;iir;ced with N%SOb (80 percent) and 

tt1t-n dia!yzzd tfo~ever, Sort L~.~ri:. .,! t'xtract :; were Less sensitive than 

crcide sni irz p:xt.rni-t, 

<:,A extracts of T. spiralis Larvae 

:tiat skin test reactions are smaller 

)-r~13e saline extract although the 

teti. The skin test reactions in the 

ess intp.17.se than even in the donors , 

! 22 hr after the skin test. The 

j of the animals between 22 and 24 

:ails wi.th the purified antigens may .. 
5 ,ire more dilute than the crude I 

- 

Noninlzctious double- jtinqci~~d -!,\ (Poly rC:rC and Poly rA:rU) was 

used to deterqine tne effect oi de.civec! r7ipersens~t~~ity and antibody 

oroduction to 'I spiralis I p t \ 1'1 ..g of Toly r1:rC given either 
-. 

before or after sensitizatioii uitr - 1 

delayed ski (I ye;Ic t ion and lo(,s :lilt .i pperir to accelerate the antibody re- 

lip_ :- liralis has no effect on the 
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TC :iatc, ';) ~>:.~c:ies ha.;, :>een co', p!eted (57 additional studies since 

last report :in :!it! response II~ hi-a1 iymphocytes in vitro to phytohemag- 

5iutinin (PIA) r1c.islIred (ia<ir,t :tat>\,c: y by noting the increase in DNA synthesis 

from ttlc J;I[:I~<.? ,if triti,iteci thymrdir e and by the transformation of small 

lymphocytes :ntc. lLirge, bl.ast-like I?; ron:Lnophilic cells after 3-5 days of 

incubation ~iti ?HA. I'l;?se expericrer ts have been carried out on the IymFho- 

cytes of 1; nor--.~i bject.5 (; addit onaI since last report) and 26 patients 

( 19 add i t io1 ,i 1 s1 I r:c last rep'?rt) i-a' 1112 unequivocal evidence of multiple 

sclerosis, 

-____ 

\ 

t,> the effect of ?& of lymphocytes from normal subjects 

and rcultlplt 5; :erLisis patients;, the resiponse of these lymphocytes to the 
seri:m <ind s' i~x: : !:lid5 af p;itier.tr: with multiple sclerosis and other 

neiurologic;~. rr ,blevs tins been io1 :(-!wed. These data are now being programmed 

for cornp'.ice: :~n,ilysi:;. Prel i-n:nary mpressions of the results are ;hat the 

spinal f!uih .s b~t riot the serum fro?! patients Kith multiple sclerosis con- 

tain silbsta..ces t!~at stirnillate the !rW-induced transformation of lympho- 

cy1.e~ fran ior:nil subjects and from iiiltiple sclerosis patients. (Hamilton) 

It :S )ianricd to complete an tb~~erirnent of long duration concerning 

cellular ki let it.:; ~f lymphoid tissiie i in mice during secondary tetanus 

ant itosin r 'sl~onst~s. The booster : n ject ion of toxoid was given & days prior 

to at? acute e>.p3~sire of 600 rads. 

times to de .?rrnine tile triirle of ip.c'.lr ioration of tritium into antibody in 

both nar-s! .ir:d :rradiated acirnals Ti-.ese results will be compared with a 

hi :; to 1 .~g ica t2 v I : c 1 on n f t i:e 1 >;rn:ir: ire t ic u lar t i s sue s . 

Tritiated histidine was given at varioug 

scr:,!s 01 experiments will :le carried on to determine the anaphylac- 

togenic pro:iert;e:; 3f complexes of t-'tanus toxoid and mouse antitoxin. The 

capacity tc e:ic.:t anaphylncti: s:?ac*, will be tested in norm1 and 7-day 

post-irradi ~ted 7iice. (~o.;plf-xc.s wi : 1 also be prepared with IgG isolated 

frc3-n mouse inLit\)xi!i. 

PreliminQir>; findings Indicate .is11 ity to obtain precipitating anti- 

body as we1 1 ,is ccimbining ant ibody i ;? mice against horseradish peroxidase 

(HRP). It LS p:;lnned to characterire the properties of the anti-HRP so as 

ti, prepare :o~~:exes for Cottier e: 11 to use in study ~f the localization 

of cornplexe; :I- ~crninal centers 

c\-r-.ple\e, 1t tetanus :o~o:d and specific human IgG will be prepared 

to test the erf ,c.iL, of yr~-~irv ~in~riiz~tlon w~th complexed toxoid in man 

The stud; '+i 1 5, ~ont? ir IC? lnborit ~ \n wit? Dr C. Jansen (Pretoria). 
(Stoner) 
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E. A. Popentx. 
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Van Slp.~, ;. D. and I.,oMonte, A. ?lonor;..etr:c determinaticn of nitrate 

and nit,.ite. Xicrochem. J. (ii-. ire5.j). 

DiFerrai.te, h. and Popenoe, E. A Libeling of acid mucopolysaccharides 

with tr ti>J . 11. Ririficati(t:: &inJ fractlonation of trit ilm-labeled 

-- 
- I., , .I 

heparin C.lrcoh);dr~t~ Res. (it, .)res.;). , 8- L 

- -__ 
14. Scope: 

\ 

'Ihe objt'cti.Ic of these st.idies 1 the determination of the biochemical 

mechanisms o: Fo:-mtion and dei;radatL~~ri ,a:? certain proteins in order to 

identify their ir:volvement in the eti~~logy of disease and in aging. Collagen 

is a fibrous pro'.ein consti.tuting ab(., t one-third of the total mammalian 

body protein I+ is a structural ein, serving as the organic matrix 

for the body ske:eton, and maintains l!ie -.ntegr:ty of tissues and organs. 

Two amino ac: ds, hydroxyproline and !i:-dro:c;lLysine, are found in mammals only 

in collagen ~herc. they occur in consi(,er3ble anounts. Hydroxyproline is 

probably impc'rtailt in assuring the prcsper folding of the collagen chain-- 

a necessary :irst step in formation ,:. tiit! fibrils which occur in tissues. 

Hydroxylysinr carries the carbohydrati. wh:.ch is attached to collagen and is 

alsc, in part, a participant in intrar.iole(:uiar <.rosslinks which render the 

collagen ins[ luhhe. These two aminc , cid:; are f:?rmed from their precursors, 

proline and :~JsLI:~, by an enzymatic 11; drixylati~~n reaction after these amin! 

acids are in( orPorated into tht! ciilla!.i~n precarcior protein chain. At the ' 
present tine ;lit! main effort IS devei t.:! t:o anal.;'sis of these hydroxylation 

reactions as J. pr.elirninary to studv (-,: :tip role these reactions may play 

in determini: g ti,(-. form in whi<:h ~>l I z.~~r~ i :i 13 i.i down in tissues. 

(hper,oe, Van Slyke, Aronson) 

The funcarwntal chemical jtr:lcttil P ~1: :nucins also is under study. 

X?ucins are macronolecules of great vi< :'PSI t:; 2nd antigenicity. Alteration 

of either thi. rhc,ological or antigcni, ;>ropertics of mucins seems to be 

intimately ir vol~ed in the cacses or I c~npl icatic:ns of such diseases as 

cystic fibro: i.s, chronic bronchitis J.T <! ~~11mona~:i emphysema. Although the 

principal go~1 L:. to determine the r:; contributing to the very high 

viscosity of cystic fibrosis mucins ii:d 11~~4 thi:; viscosity might be reduced, 

studies are carried out on porcine sui.~axillary mucin because it is readily 

available ant! c'ir: be purified by well t.stab1ishr.d procedures. 

(Poper:oe and M. de Salequi, Ht, iiriai Sc!:col of Xedicine-XIH Grant) 

Methods nf labcling muc3pol:;sLitrc! cir:cles wi:~h triti.um are also of 

interest bec;ji:stl ,,f the need for l'ibi~!t+i ;iroduct.,; in the stud:; of the 

metabolism of m'ic opolysaccharities. 
(Popenoe and t;. 3: Ft,: T:intc, 33:: lor U. School of Xedicine) 



Related ~L’I ;ies (ire ccirrieti sn 0;: S. Cdenfriend, Roche Institgte 

of Molecular S:i>:Li , Sutle>., New Jer ;e]:, on collagen proline hydroxylase 

from embryon i rit sk-n; D. J. ?rock0 ), Universi.ty of Pennsylvania School 

of Medicine 0:. -,uiistrate requirements and enzyme substrate interactions 

for collagen 7roli:ie hydros>,lase, arid X. W. PigTan, New York Medical College, 

cn chemic21 itra, tire of bovine subniacillary mucin. Udenfriend is working 

on the znzyrn: :r.~rn rat skin which is iirrilar but. not identical to the one 

fron chick enbryt’ :;tudied here. Prociop is using the chick embryo enzyme 

tat his interest is in the nature of .:he collageq precursor macromolecule 

which is act lall; iiyriroxylnted in viv) and its interaction with the enzyme. 

Neither groui has .;ucceeded in uolating the enzyme in a pure state, nor 

are they kno,jn t,’ employ the techniques used here. Neither group seems to 

be studying .iydr,,:.::/l:;sine biosynthesii, Dr. Pigman is studying t@e chemi- 

cal structurt: of bovine submaxil!ary nucin which is chemically different 

from the por,:Fne :nricin (the latter more closely resembles human mucins). He 

is not known to be stlldyin,: aggregati’in-disaggregation phenomena of subunits. 

-- 

.- - -~ 
16. Technic11 ?ro.;rers In FY 1970: 

The stiwlating effect of bovine serum albumin on collagen proline 

hydroxylase hias focnd to be airnost injependent of the sulfhydryl content 

of the alburin, in contr3st to ?reviols assumptions. Sulfhydryl compounds, 

previously reported to destroy enzyme activity at higher concentrations 

(ImM), were forind to stizulate activity at low concentrations (0.ld-f) but 

their effect bt5nI-i; ‘1 complicated relation to the concentration of iron in 

the soliition 

Repeatej .ittempts to purify collagen proline hydroxylase by electro- ’ 
focusing (el.2c:rophoretic separation iccording to isoelectric point) met 

with no SUCC.~S~; because the enzyme and many other proteins in the mixture 

became insolibie near their isoelectric points. This approach to the 

purification WAS abandoned, at least for the present. Recent preliminary 

experiments ~ir;h analytical polyacrylamide disc electrophoresis indicated 

that the enzymatically active proteir, could be separated from about seven 

other comp~i~.~nts and recovered from the gel. Very encouraging results were 

subsequently obtained using preparative disc electrophoresis in polyacryl- 

amide gel. The enzyme so purified st-owed only one component on analytical 

disc electrcphi-,resis, but the recover;: sc far is low. 

A new a p proac h to enzyme pur i f i c at ion- - “affinity c hrorna t ograp hy I’ 

or idsorpticn .7f che enzyme by a specific inhibitor bound to an insoluble 

support--also shows promise. Pro1 ine hydroxylase activity can be removed 

from soluticn I.eaving the bulk of the protein behind when a solution is 

passed throuGh a small column of eitt-er poly-L-proline or gelatin bound 

ta .3n insoluble siipport, or through c; column of 4% cross-linked, formalde- 

hyde-tanned geiatin spheres. tis yet, no method has been found for recover- 

ing the actlyit). from the ~(~l~i~iri, prrbably because of the high affinity of 

the enzyme I :r t :iz::e inhi bitor-s 

(See Ccnrinuat ion Sheet) 06-61 



Kork in 
f'e~e d i re t i 

year but will 

was deferred 

In ;i col 

of pclrc i:ie su 

studied at Moi nt :lina: School of :;e llsing viscosity measurements. 

The disaggreg;:ti<):l 1s nn e:;t:.remei:: s!t>.,' IC~SS. At 45" the viscosity of 
a mucin sol>t.i)r. n Triton falls to :I[?. rit ane-fifth of its initial value 

during the flist xar days, but cent;I: es 110 fall at a continually slowing 

rate over a peri )(I of Leeks. At 0" tht drop in ~iscosity is too siow to 

measure. Otnt r dc9ti'rL;ents were test 'and found to be unsuitable ,for the 

disaggregatior . (hanidine IlCl Joes reduce the viscosity of the mucin 

in sc'lution. Mec!iods for deterainins ''rotein ch3in end groups in the 

mucin were im; rc~<,f!d <ind it was fcjcnd :-[.:it no new end groups appeared dur- 

ing disaggreg;:ti 11;. Ti!us the disag,:I-r; atior. can:!ot be due to slow prote- 

olysis. 

At Brookt a~e~i, the most degradec 111cir1 prep-iration so far obtained 

was examined lv 1 tra centrifuqatia~ -111 -ucin \oititions behave in a 

very non-idea Taiiner in the centrit t Thus previous ~olecular we~ght 
determination' iye~e ,n err3r. Yethad:, (if conducting the experiments and 

analyzing the dat'i to obtain reiiablt e<,ults noh seem to have been found. 
The average T lectilar weight of ttie in tn Triton falls from approxi- 

mately 2 71111 on .nitially to 233,011 The prodict is heterogenous and 

there an irdis'ition that a [)art >I 'e rnaterial has '1 molecular weight 
as low as 40,iOC. If the Triton IS It' loved fro-r ;he solution xith ether 

there is an n TO.,[ instantaneoti; lei t'q31-ian t an average molecular 

weigrt 01 393 O( 1 '.,) furtkier hnn,;i ilti be c~,tected over the next 

two beekc. "Popenoe and de Salegui) 

Tile wthc d for separating L~ct:':t!, :aceled heparin from radioactive 

degradation pi oduc,ts by graded NaCl elLtion from Dowex-1, X-2, previous- 

ly reported,  as t:samined further by (:( termining ~olecular weights of 

various fract: ons in t:hc ult:.ract~ntr~:i.i!,e, The molecular weight increased 

with increasil g s:alog:cal acti,ji ty \<ii:d d(2creas:r;g specific radioactivity), 

as did the ester c;ulfate conten: to ;I esser extent. h plot of log NaCl 

concentration :ieecisd for elution f-r:,r he resin ~izainst limolecular 

weight gave a strnigiit. line, in cip,ri.e~:t nt xith a theory never before tested 

with Dowex re: ir.s Fur-ther work an tt-. s p:roject vas not possible because 
of lack of furds :,]I- i:ollaborativ~- .;t:,! ies. (Popenoe and DiFerrante) 

Continuir st idles on collagen L- be directed along :hree lines. 

First will be tbe lri iicatien if c 11. ,<en prolirie 1iydrox;;lase by prepara- 

tive disc elec :r il)n(~rc~~is and ai:::' '-., 1 hromatgqraphy. Dr. A. Tometsko, 
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!'ni\!ersity c :.:ti, i-.t'stt!~-. is preparirig some synthetic polypeptides with lower 

affinit:? fi?r ti e zyne f~r use in Cht! latter efforts. X serious problem 

',.I these stii :;( .; i: <i:i ~npredictablt~ lisappearance of enzyme activity in 

several step I t: ::!e purificatl~r~. E.-forts will be directed to understand- 

ing and prev jr~: i th is phenomenon. 

Secor.dl;, I';slne hydroxylase, now believed to be a separate enzyme, 

 ill be stud e(:. Efforts to bring ab,Jut the hydroxylation of significant 

amounts of pt-oteln bound lysine in so-ution have not yet succeeded although 

the reactLon ,gfs:; ut11 ii? tissuc minclis. A systematic study will be carried 

out to deter:.;ir.e at what stage the hytiroxylation fails and why, and how the 

reaction can bt. .na(!e to proceed in so ution as does proline hydroxylation. 

Synthetic po.yrt::tides my also aid t!\is phase of the work, eithe,r as 

potrtntial su ,s~r.ites or as inhibi.tors 

Thirdly tiit: role of iron i.n the hydroxylation mechanism will be 

studied, usi'ii; e .ec tron spin resonancla techniques. Valuable informtion 

on the react 31. :ncchanism of several Itnzyines, e. g. 3,4-dihydro~yphenyl- 

acetate-2,3-~~y;gt:nase1 pyrocct techase, and dopamine-B-hydroxylase, has been 

obtained by ,his approach, but no real.tion as complicated as the one under 

study here ht s :;,?t 'seen investigated. This study should not have to await 

completely p~rc ~:nzyme. It: will be c,irried out in collaboration with Dr. 

Borg and his gro'!~. si) that progress will depend in part on availability 

of t,ime on 11 s !:€? spectrometer. (Popenoe, Van Slyke, Aronson) 

As notct ab~~vc, porcine s:ibmaxil, ary mucin behaves peculiarly in 

the ultracen'rif,iqe so that: it is difficult to know exactly what its 

molecular si .e I.; in its native state. or how homogenous it is. This 

area will be t.y.sriined further using ci~nditions of varying ionic strength 

and exaninin,, :tie ~nucin before and af-er enzymatic removal of the sialic 

acid. The n':tLr~' act! extent of the htaterogeneity observed in the degraded 

mucin will a!s(- \)e examined both in tt e ultracentrifuge and by chromatog- 

raphy. The .ubu~;it structure of- a ser.ies of preparations from glands 

taken from s.nglt: animals will be exarT.ined using the Triton X-100 degrada- 

tion proctdu: e i!i order to determine Khat contribution genetic variation 

makes to the lit-ttxrcgeneity of the poo ed material previously examined. 
(Popenoe and de Salegui) 

If poss blc labeling studies WL 1 be extended to other mucopoly- 

saccharides, ~s~c~cially dermater; sulf'lte, because of the interest in this 

material for tzt' study of Hurler's sy~ drmne. (Popenoe and Di Ferran t e) 

18. Expectel _- 3esults in ET 1972: 
_- 

It is e:pected that the nrclline :ydroxylase will be available in pure 

form and ;irotab:! lysine hydroxylase. It is difficult to know how quickly 

the EPR stud es wlll progress, but it is planned to examine both enzymes 

in their intiraLtians with substrates and cofactors by this technique. 

Only two othr r 6'1,zymatic hydrovylatioi s are known to have the same co- 

factor requir c~-": :$ as thv col tagen 111 tiroxylases--thymine-7-hydro~ylctse 

(See Cor t inua t 1 on Sheet) 06-63 



The stuly ot :he subunit StraCtLirc of muci~ris will continue with 

emphasis on Eht. comparison of ni)iTnal -ixman mucins with those from cystic 

fibrosis patient:;. 

mucins intersc: ;n their native envir,n~<?nt. It is proposed to use the 
mucin-proteii Lomp1c.x to isolotcJ thr. ~ther proteins, probably by density 

qraciient cent11 fuKntion. These athi::- pz-oteins will be examined for 

5 io Iogi c a 1 a : t : v L t~~r, 

A study will be ZI(:P of other proteins with 'which 

par t ic 11 1 ;i r 1 y +, ! f ec ts 011 rembrane transport . 
(Popenoe and di Salequi) 

LY. Dsscri~tior, -- and Espianatlon of Y~T M<?terials, Equipment ar.d 

Subcontract Items: 

Cap] tal equipment needs L~~rlu~~ i pieparotlve centrifuge, $7,000. 

20" 
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4. Date ?repz.red: 3 . Br:tic,e t Act i _L___ i: v : - 

06-01-02- (b May 1970 
\ 

__~______I__- -- 
5. Me t:i>od of l?;~p(;r: j !?g: 6, Workjnq Location: 

Brookhaven Nat-ional Laborn tory 
BNT. Annual i-,epor t 

BNI. Honthiy Let!:er to the AEC 

Eulletin of ttie Yedical Department 

__- --___- - 
7. Person in Ci3:.g- 8. ?reject Term: 

E. P. Cronk tr Continuing 

H. A. Johns )n 

Principal I ives t i;:,it )r From: To : 

E. ?. Cronk te 

V. P. Rcnd 

A. D. Chana la 

9. Har-YeLrs: 

13. A. Johnso71 __-- __ -- 

D i re c t Yn -1 - ':e a r s FY 1970 FY 1971 FY 1972 

3 .it 4 .O 4.0 

6.A 9.3 11.6 

2 .o 2 .o 2.0 

11.8 15.3 17.6 

Reseal cti !'ivi:;ion 

tlospii a1 1)Lvision 

F' ts sear c ti Cos t s 

FY 1970 FY 1971 FY 1972 

226 26 3 275 

44 52 75 
270 315 350 

-I__ - 
11. Reactor Co.c(pt 12. Materials: 

c 
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Johnson, H. .I.. Liver rcgencr3t: j' I ,ind the "c.ritica1 mass" hypothesis. 
n / 

h. J. Patho.. -_ 5 , So. 1, 1-15 (!969~1. /: , , 

Johnson, H. A. Adapti\ye grAwth ic;thout mitosis. Volume on Cardiac 
/- Hvpertrophv, N. .'ilpt'rt, Editd,r, Aca :e-.; c Press, (in press). ' "i/ 

Johnson, H. A. Dose to the cell nucleus from tritiated thymidine. 

Presented at the Onk Ridjie AUT Syncdsil.i:n in Medicine No. 12 'bedl"ca1 Radio- 

nuclides: R2diat.ion Dose and EffiBcts". Oak Ridge, Tennessee, December 8-11, 

1969. ,,' fy! /,:-, ,,' 

Cronkitc, 5. P. and Vincer~t, ?. C. Cranulocytopoiesls. Hemopoietic 

Cell Prolifcrati In, F. Stchlrn,in, F,dl;( r, Grune ,Ind Stratton, (in press). ;,/' 

Johnson, H. A. Infornnti(3n t'iei,r:. in hioloqy after 18 years. Science, 

(in press). ,' (/ . 

Johnson, H. A. and Pavt>lec, ?I. thermodynamic formulation of radiation 

dose rate. Radiation Rt.:;. (in press . 
,"/ ; 

14. Scope: 

Charactt rization of tlie kinetics <if cell proliferation from hemopoietic 
systems and the factors that ~ontrol the:.r function, differentiation and 

prclliferatic n i~i th particiilar Fmphas s upon the feedback loops that determine 
the populat;or, :;izc c ontiiiues to 5i. At: major objective in this budget 

ac t.ivi cy. 

A provi. ional model fin granulc.poiesis has been constructed in which 

there is a flew of cells from the st'm ~1.11 through the classical cytologic 

stages of g:-anuiopoicsis. 

pronyelocytt: :e.jels and two mitoses it the myelocvte level. The system is 
believed to bt. regulated by two fecd'isck loops. The first loop controls 

the release a: :nature granuloc!;tcs a:id the second regulates the rate of 

input of st+!m ci.11~ into granu1opnie~;is. From the model the following pre- 

dictions c3.1 be made: a) increased m+~elocvte production can be achieved only 
by shorteni:ig the generation time the expense of Gl and this would re- 

suit in an .ncrt:ased labeling, index ~f myelocytes under stimuli demanding 

more blood .;rnnulocytes; 

time throug i netamvelocytc 3rd '5ar.,l 

There are sin;~le mitoses at the myeloblast and 

t.) thprr must be a minimum obligatory transit 

:nmpartrnent--under greatly increased 
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1-10 'L~ 2~a.n~ c t +11r~o~er r31es thi. JOLI~ re5ult in a shrinkage in the 

,1L? ,f tllr rnt2.L ! -cvti s, b'inJs an( row granulocytes, followed by an 

':<FansiL?n Of Z- part-,ents as rcir:~~,~ production rates are increased; 

c, PLCJS~C premiturel) iinder stress should have a longer 

r .I 1i:r in the blood; L ) generalized random loss is curtailed 

in ~nrec~ior ; 1 1:icreased ?Arrow prc d9ction rate at the myelocyte level 

c~nn:t irii! t:it' input (of granulL cvtes into the blood until at least 

28 hours aftt'r t*it initiating stimuli s; f) demand for granulocytes in excess 

of certain !ir~~t, ~ould ltad inevitat lv to neutropenia in response to in- 

fcctior. k~(>-- zffiirts are rn'idt. CJ 'erlfy or rffute these predictions. In 

idditicn st~di s art' perfoneci to COT firm the possiblt? existence of a cycle 

in the con~~nt-~~t: ):I af neutrophils in the bloo~~. 

The poss ib:t cyclic naturi: of grnnulocytop(,iesis has further'irnportant 

implication: i:i clinical medicine. Inless the (cycle time and the amplitude 

of the c;,rcl~ arc known, one could imrute toxicity to new drugs on the basis 

a€ 3 granclic:;Ei. count at the nadir. On the other hand, observations taken 

at the ?eak of tile cycle might give ~ false sense of security. The cycle 

time and ami liti.de .ire of particuLar importance in detecting effects of 

radiation ir. exposed populations or : ndividuals, and studying drug doses 

of cytctoxic a;t'nts in the treatment Jf rietastatic disease where the ham- 

fu1 effects art1 prixarily focussed u; on depression of granulocytopoiesis. 

Attcv.?pts art rr.'jc!c to perfect 'i non-f::tal method by which the production 

rate of :<rarul~\( lites can be increase( or decreased at will. 

Stldies wii bc designed to see I the "critical mass" concept of 

contrDl of <~ll 2ivision developed bl Johnson to explain renal hypertrophy 

and hepatic re;ineration applies to 'he control of cell division in hemo- 2 

poletic tis< ut3 ~nd zranulopo~esls. (Cronki te) 

The rcl,. ti.)nstiip between <in abso ute dose of ionizing radiation and 

any of its 1 icloqiccil effects is ent' rely empirical. Since such radiation 

effects are the results of the addit.on of energy to a living system, it 

would seem rhat an absolute dose efft.ct relationship could be expressed 

in thermodyr 3rri.c: terns. This can be accomplished, to a first approximation, 

by adding tj,e ahsorbcd radiant energ:' to the free energy pool of the system 

vith jcst c..o constraints: n,imely, that it is added in an inhomogenous 

distributior 3n:i that exci.tatinns ar" pennitted to migrate through a 

limited dis.ancii. This incrcase in 'Tee energy can then be used to predict 

the oc~urrer,cc ')f chenical events in the usual way. A relationship de- 

veloped a101,g :!:ese lines has allowe~i thi-. prediction of the absolute dose 

rate requirt d to double spontJneous :iutation rates. Where experimental 

data are av< ilai>le, t.he theoretical ~alui?s are in good agreement. (Johnson) 

The aim ot ,i completed study xiis to test the critical mass hypothesis 

by coxnparin , rzicoric indices prcdic t ,d by the hypothesis. It is generally 

assumed tha* c r,Ian growth is Lontrol by regulation of DNA synthesis and 
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Two s+iidle., ~rt! c~rrld or 3y d:i <IS Gerontology Fellow. One is on 

tt'mporsturz ,i iJ lt,nqtti of li fit i-2 ~ht~ innusl fish, Nothobranchius guentheri. 

It has bven p:o;-ose'd t!idiC even mild il :crrltion (yf an environmental tempera- 

trire over- ,] p!o .oiiq:ecl ;>er icx! mLiy sig!ii? ic,intly affect the life span of 

poikilothermi . 'r;:snisns. 'If tr.ie ~ ir:1zols rctared thrcughout their entire 

li-jes at appr i~): icittlIv difffrent envi: >n~.enta; t cmperatures night help to 

decide whi.ch iil ciii.rnic%il parmwtcrs 1: ,igin~, art' indeed true indicators of 
this conditici. >!ortalitl; ratis 2nd ('JSi' patterns are useful criteria 

in assessing igi:-i;; ur.der these c-indi t s. Recently Walford et a1 describ- 

ed senesccnt :ti in:;es in so-called "n-~ri.:nl fish", vhich ars reported by 

aqunr:sts to I;~":C cots1 life spar. >! ipproximately one year. Life spans 

were sign<ficin-!.: prolonged by. re:ai:'i:i[; the f;sh at reduced temperatures, 

a!id the rate ~f rk2tiiic:lon of S( 1ub;c. oiuhle collagen ratios was slowed 
subs tantiall;;. 1- :t,rnpernturt c:-:e:-'. I .,;:ch an effect upon the rste of 

a:;inq, then : z. 1 i increase in en*~:r~,: 11 in 1 tenper a tur e (with in the 

physiolo!;ica; r ir.,;e) should re~'e~-s~~ ['!,+, :-csul:, .J~z. aging should be 

ai ce 1 ern t t>d . 'TI i i ,; i-i vr the s i :; s b <I i :: r CJ s t cd w t ti - ?J . guen ther i . 
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Relatec st~.r!ies an the i1:terac~i :in Lbf thermal and radiative energies 

have been dcne ti Fluke at Duke Univ6r:;it.y and Setlow at Oak Ridge. Re- 

lated studit s i: protein vesic le fcr-ilticin, zising peroxidase have been 
done by Grak nm anti Karnovsky ,it Harv<lrd University. (Johnson) 

Walforc anr L; I, Universitj of aiif-ornla School of Medicine, Los 

.ingeles, LE. tilt 3u wilrk on an:iual fiGi>, The study on age changes in size 

and nuiber c r -I( 1 ,e tiepatic r~iitcchor.~ r: I In rebponse to partial hepatectomy 

is an cstenc ~~7 -1 xcrk ol Ta ichi at Na,:oya University School of Medicine, 
Japan. (Johnson and Roterrnund) 

Daily ,r~nI~lc~~;;re counts ~ere ?f~rf~rrned on a series of normal males 

26-5j :iears ,>f <it;p in 3 study :nitia.i~d to confirm or refute the existence 

of 3 period c c:c:e :n the ~c~:ic~entra~:~~n of granulocytes. Similar studies 

were initi'i'ec -n ~~2~erat hospital pitients to see if the amplitude and 

durati,jn of tre c;;cle varies in diseise states and under drug therapy. 

Stcdles bei ire ;nti after the .idnLnis:ration of L-Dopa in patients with 

Parkinsonir : '1t.i OI ;)articciar inttir*tst because of the previously described 

apparent ,<r in:.l 

of the ~arr )w :\ !,erics #:~f ba~e ~ar:-x aspirations were performed on normal 
volunteers in(: ln<irri>w incubiiteti ~i t!i tritiated thymidine to determine 

the fractiol ;f eel!.; in DM s;ntj~t:s:>~ in the various cytological classes. 

Preparatloc; :a! (iett2rninat irn or :)Si cc'ntent of the various cell classes 
a1 :so were T, id!. . 

i,i and modest -TIC): 7b.ological changes in the myelocytes 
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The vc, ~,UL :I,' >: do ra?=c 71 idiltion dhlch double the ttier-nal 

rate 0; ilia( t i*<tti in af (j~; 7t'royici I r dxis completed. Observed dose rates 

are in good sFri. ent with theiret:( 1;llges. Thls neans that the thermo- 

dynamic for. 211 1' 7 I f rl(jlatiLin 2 t ral:e has predictive value 



Tt:c ir!ten{ie<i s:i.;dies on evaliiat ion 211 the increased susceptibility 

of :namrnals tn ~rtectian durinh: ad3inisEration of corticosteroids for long 

periods of Ti?.. ';?re not initlated because of hck of personnel blLc it is 

hoped thnc t:ie.: he undertaken in this period. An effort will be made 

to answer tit' ii!es~ :on of r;hect:er ~C'I tiiosteroids decrease bone mrrow 

reserve of ra:it~lc~r~v~tes b>m dettrnini: I; the proportional distribution of 

granulocytic ce1 !S i~-, the bonbr ParrrL.' pr:.or to, and after, chronlc cortiso- 

steroid adm-nisr rat;c\n. It i; hoped also to enter into collaborative 

studie:; viti Cr ;\lc.y.ander of the !+I tiple Sclerosis Foundation in Boston, 

who treats ; atit'nt ; with r;iclltiple sc erssis experimentally with large doses 

of adrcnoco. ti :i tr,>pr,ic hor 

StudLe ('11 sdc,tc:T-xining th~ grai I ci?'.int densities over marrow ;rranulo- 

cytes and b oc %i :ranl~locytes tollo~:.lr, -_ iin - vitro incubation with tritiated 

dii~sopropyl : !:.,)!-c?/i')::phllt(3 (DFI') i;: 1 be completed. Study of the postulate 
that there ';z:,lc! he 'i peri.cd ~f t xntn the granulocyte turnover rate is 

0 yrciater tha '. + iit2 "1:ir~ow prcduct.i~n rice ~~11 be commenced if personnel are 

av a L 1 2.0 1 e . 

St1,idie i < n tile ;oncentrat;on ): a leukocytosis-reducing factor (LIF) 
frc?:n anizncil ; ~1107: sterile infla ition has been induced, along with 

attcrxpts tc dt,t~?r:linc the anatoTic *.,ite of production of LIF will be 

cor;~acn::ed, Ti e ii,ir;esting and concentration of large amunts of LIF will 

7n;ike p0ssiS.e a!'. ~essentiai study ot the fast feedback control of marrow 

release ?re ;-i..ai:; ; ~nduced by LIF. rechniques developed by Dr. Aronson 

of this Dey: ir-Tt!:ir far rapid separ,~: ::n o€ protein fractions in contin- 

IUL?).JS flow s;ste-!:; will be ased tci :I< nccntrate LIF. (Cronkite, Xronson) 

In tiit. 5' i. ~'n renal tl.bular rc>absorptlon of protein, the effort 

will be to !e ,c~ir>t~ the rnte~cellul, r trnnsDort mechanisms more accurately. 
(Johnson, Fingal) 
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?!ole( ular J d Ct,! ililsr Radiot ii)logv - Yedical Research 06-73 

Wcchanisns t .' :I n ~f Free Rac!~ca!t and Hornones 

May 1970 06-01-02- (i) \ 

__~ - 
6. Working Locat icn: 5. Plethoc! ot i ep )- CL-~ 

BNI, Annua 1 Re.)( r t B r o ok h av e n N a t 1 on a 1 La 5 or a t or y 

----- 
8. Proiect Ter?: 7. Person in 1 hnr, 

FY 1970 FY 1971 FY 197? 

2.1 2 .0 2 .O 
3.9 5.2 5.3 

5 .0 3 .0 6 .0 

11 .o 10.2 13.3 

FY 1970 FY 1971 FY 1972 

157 152 170 
23 27 25 
160 179 195 
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t ~ri this budget activity: e!ucidaticn 

r tn'c ra?,icaLs a:; r Live intermediates in some 5teps of 

nor:;~ii and :cit'ic :<\;:ic.al :;1et3bol is-; :r:d investi:<at ion of the hormonal and 

'ither xecnar is':: ;-cJncrol 1 in2 :iembr:ip,t j'ermeabil ity and transport'processes 

at the :el ;I iar iat! ~~lecu13r Ie~icls In the fOrmer, presenz efforts are 

focused oil :;t 1111 isi~in~  he e:.:istenc, a~~ic. ?roperties of free radical forms 

itaiit 5ubsr;incc:-, , .;uc.h as :3etalloporphyrins, hormones, 

reii; cons:.itucnt.: , melanin and visual pig-ents, and 
d tLioi-:ienic:il:;; <ixd ~,eei. ing to identify the free raciicals found 

in tissues. A !>rr,ld ,:on: of :he pro,rnn is to [use this knowledgt for greater 

understandi! ,; ird (- \::trcl )f ;G'T JS:CL-E:; of normal physiolqy and of 

disease; blIr t.:c,re i... scope ttl extenc :lie work to free radical photochemistry 

related to 8. r,v~r.onr::t.tntai ~ont~i~~nati, n, More specific aims 'nave been to 

cor re 1 ;it e I-;: d i ,)ti 1 o L ical fret. rad ! effects with physiolosica: bioenerget- 

ic 7iechanis. ; iiId test tht,)r:es rt ;a:i.~?g free radical mechanisms to 

fundamentsi w-:.t-:~ 1 .ind raJiat: 31i-~>c t.!t?i-ated qing processes. 



06- 76 



Re 1 ;it e(. 5 1- I :c t Lira 1 s t.ud it. s on [it: uro hy po phy sea 1 hormones are carried on 

at BXL 8iolci;y Cepartment and sevctrai aniversity laboratories are involved 

in re Latzd .cta!it:s (:TI trir,spo:-t procrisses and membra,ie properties. 

( S c hwa r t z , Wa 1 t e r ) 

_- 
16. Techniccjl Prosress in FY 1970: 

.- 

\ 

Tt:e exF'ectc,ii progress for t!iis :ear in computer applicatiods was 

exceeded, ir triat the capabilities fcr data reduction already are more 

powerful thzn rt,ose foreseen. This was a.ccomp1 ished by writing an extensive 

Fortran progra~ (COhTOL) for processing a.rrays of spectral data using the 

CDC-6600. Routi:ies were developed f(.r arithmetic treatment of data arrays, 

for curve-smoott,,ing and filtering using several different methods, for 

shifting spectra and changing both abscissa and ordinate scale factors, for 

addition anc s~briraction of spectra, for obtaining (multiple) integrals or 

derivatives, and for curve shaping ar:d resolution enhancement (using the 

convolution2 1 ~e~hod) with an;; of a rumber of analytical shape-functions, 

Subprograms pravidt: for reading ar,d Lriting magnetic tape in Sigma-2 format 

to permit hish-\z2lurite data transfer, for CalComp graphic output, and for 

punch-card cat 1 Inpit and output. Miny of the data-processing procedures 

proven to be of ~a1~1e by CONVOL were then rewritten in Sigma-2 assembly 

language to be a.vrailable on-line under teletypewriter control at the EPR 

spectrcmeter c~irsole. An extensive program for simulation of isotopic 

hyperfine cc mpLiKt3nt.s of EFR spectra ~lso was written for the ,Sigma-2, 

~llowing direcr ~ntercomparison of e? peri.nenta1 and theoretical spectra and 

greatly fncilit3tinr; spectral analysis. By the end of 1969 the BNL on- 

line capabil it? exceeded those of conmerc.ia1 or other known spectral data- 

processing : ystta~s and the sy:;tex prc ved very valuable in experimental work. 

A1 thour ti t e CONVOI, program and t tie on- line program were developed 

primiriLy fcr EI'R Cipectral data, the*. 3rt general in format and can be 

applied to peer rn and to dat'i arra~~ of many kinds, including NMR, 

optical, ~et'i )x +aims ~pectr~i, chranatographlc data, etc. In one example, 

CONVOL resolve ! i iieitized s,~(-tr~~ if nverlanping chromatographic 

Jeaits. 

Experioental apparatus and instr urnentation problems required a 

substantial effrlrt. These were partly a result of "old age" component 

failures in tht3 spec trornet.er, a v;lcu:..m-t~ibe version procured in 1963. 

In additLon, c 12 ibrations f3r high-rr solution spectroscopy using the 

rime-averaging c ,ip.~bi 1it:J t,f *.he b.o~~'.itet- system brought out serious 
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1.ir~i.2 fs.Jrttier rcsot ,::(\r. .>f ttic free-radical spectra of 

d LI ~~:np!ete dt..fi:.i ti5:e compLiter-based EPR studies on 

r!iodopsin 3:id i::t,ict rod cuter :;e its were cinly partly fulfilled. IR 

conjunctior w.til Freed and Sack ( CtiemLstr? Department), further work 

w,is done witi-1. t!:c ir;o<enic I iqu' ,;.st:eps, and a vacuum line was built 

to f3cilitz:e t;:e b:PR wi7rk. A pii hc3t 1dyletb.anolami.ne Schiff 's base of 

t r 3 n s - re t i r a 1 L ,I ,s s yp, t he s i i e ti ( re t srclrk indicates 11-cis retinal exists 

in suc!i n i..>rn;)c ~rid in nt3t1ve rho I)' 1:: I, but ~",e aaterial was unstable, 

and the XOIK sa-; L~CS~C~USLVC.. 'nt \.~t~r ~ the !.?E- temperature 1 iquid 

system was 3p:il ~ed vitii siicc('s:; :i' : ::!. questio:-, of whether a true charge- 

transfer 'JI J ; 'iot,)sensit: zeti rtcii:: Y ,la(! Seen observed previously; 

-.- 
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inti~~ating the anion-radical nature 

raved -nethod of rhodopsin iso!atLon 

t:,);l;in an,i rcid cells was achieved with 

:I and aging a special vacuum line with 

XIT gas injection in a region of micro- 

ti:id.cogen or deuterium atons produced 

the same Kay as do some of the active 

i~n, but the reactions are "cleaner" 

, This system plus gaama-irradiation 

were used t'* e>:f.~r.; ;>revious EI'R stu%:ies on irradiation damage to certain 

purines and ?yrtT,i1Ciries in dr.; powde -s. 'In particular, the damage center 

in 9-methyl ace ic> was mich Scatter iescribed as a result of thik work. 

Single crys.al s cr tile sc!:,stance werla su~:cessfully grown to aid in conplet- 

in&; the stu !y. SLV'~: taneouslv, the -apid-flow apparatus developed Last 

year for Q- )ai-,d EPIi ';tatlies of react o:is with three fluid components was 

proved out Inc. .a: ~Srated, and changj<s wsere 3ade in the syringe pump in 

preparation fcmr the> cixtension of the inv'estigat ion from dry samples to 

dynamic liq I~C: vstt:r:is, 

EPR ex i'n,niticn of ~elani::-Iii\c gigments formed non-enzymically from 

dopa and do la. iie k;ave eviderce of L :entlfiable free radical internediates, 

a strong pti elf 'ct .n tile EPR ?eha.Ji Jr of the product pigments, and some 

suggestion _ncit at leas: the s,nthet .c melanins made from dopa ani! dopamine 
mav be dist -nL-u. ~,haolc by EPR. 
I 

Plans 10 ct!n?iete the analyse!; 7f at Least some of the complex 

radicals of n&c,!tir.a.-nide ,deriv3tive~ xhose EPR spectra had been recorded 

previously in(: o assay new rrechods ~i producing pyridine nucleotide 

radicals wich:n t EPR cavity werc3 ,:andicapped by reduced collaborative 

support and t::e fact that the nicotinamide compounds had degraded xith 

time. N0nethc1~'ss, it was pc>ssible to ~roduce a new free radical by 

oxidation ct ';-.nethyl nicoticanide, nd incomplete EPR spectrum analysis 

indicated aostiC:ce or' t!;e d iw,rrzati previously seen with radicals formed 

by reductic.1; ait?.ot~):h fiml anaiys::; will require a better signal to allow 

fuli resoluti !r (11 the EFR s[~ei.triin (Berg) 

The sc- liJ .)nase procecic;r-e of pc,~itid.e synthesis recently developed by 

Professor ?!srri ficid at Rockclfcl ler t'niversity was used to prepare the 

first neurc :iy;:c,;)h~y~sea 1 hormorie ana 1( i~ (E,-arginine -vasopress ino ic acid) , 
which poter.tl; ~ntiibits the ,intidiuretic effect of ADH. A specifically 

labeled C-ter7i:ial gastrin tc~trapept ide analog was synthesized, tert- 

bu toxycarbc ny 1 - L- t ryptophy 1 - ;.-nor le! cy i -4, 5-3tl- L-asparty 1 -L- phenylalanine 

amide. This labeled peptide w<is 'c~h:nint!d by catalytic tritiation of 

,. t r t - 0 u t o x c a r t ,I n v ! - L - t r y t po ;it 1;; 1 - L - (.. - ti e tl y d r o no r 1 e uc y 1 - L - p he n y 1 a 1 an i ne 

amide (11). in ::ital]:t.i= !)ydroge: <ition, the latter compound gave 

+, 
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1'; er ~~'ir anti Cellular ,Udrobiolo,:y - Hedical Research 

pro~ec~ Title- ?'e[ hanisms ai Action  if Free Radicals and Hormones 06-01-02-(~) 

16. Technicci ?rijress in F'i' 1970 (I )nE'd.) 

removable selen,c 7-pr~tectlng 4roups. B0t.h of these goals were accomplished 

by the synthtsi, 71 !.-selenocystlne ar d id- selenolanthlon~ne. 

In the : ece::r!t: described synthe: is of several NPS-protected N-hydroxy- 

succinimide : stcrs of amino acids thei-e is no report of the corresponding 

glutamine an(. as;)aragine derimt ives. The preparation of these two deriva- 

tives became oi :.nterest in the tours(' af peptide synthesis involving the 

solid phase prccedure of Xerrifield iri order to avoid the possibility of 

nitrile form:: tion previous1.y observed during peptide elongation with both 

glutamine an[ asparagine dt.:rivati.ves uhen DCCI was used as a coupling reagent. 

However, in 'itternpts t.0 prepare the S hydroxysuccinirnide ester (11) of 

NPS-L-glutam. ne l(1) by the mixed anhyliridi? and the DCCI methods, the sole 

prodict is01 ited was NPS-L-t%aminoglu':ariinide (111). In order to\ uncover 

the source o tht? amide formation the eff1"cts of various solvenPs, water 

and heat on .I:) were stud-ied. It wa; found that (11) is stable in 

purified dirrrt:thoxyethnne, dioxane, ani DMF; but the addition of water to 

the latter s il..,ent caused c1 quantitative transformation of (11) to (111). 

Heat (70°) w.is also found to affect c~clization even in the absence of 

water. Contrary :o earlier reports tne formation of (111) was detected 

along with o~hcr products upon treatrent of (11;l with 2% triethylamine. 

The synthesis <;f (11) was finally accsmplished in high yield by the DCCI 

method (O0, 3 :irs. ) when the ester was isolated from isopropyl alcohol 

at 0'. In tnih ,:ontext it is of interest that NPS-L-asparagine-OSu does 

not cyclize ;iuring isolation :n the rresence of water or during exposure 

to heat. 

Neuroh) poph.;seal hornmnes enhance the selective transfer of water 

and sodium ions ,IC~OSS the wall of tte toad urinary bladder. These 

processes axe :t,~ught to depend upon the balance in activities of adenyl 

cyclase and (:y[:! Lc nucleotide phosph~ ciiesterase, the cellular enzymes 

which regul; te the fnrmati.on ,ird degyadation of 3', S'AMP, respectively. 

The prc blews of determining the lower and upper limits of that 

hormone-dependelit adenyl cyclase act vat ion which is translated into 

the. permeab. lit..: change was studied. The intrinsic hydroosmotic activi- 

t ie.s o f oxy oc ill, 2 4-me t hy 1 ty rcxi ine - 1 ixy toc in (OMeOxy) and 2-0-e t hyl- 

tyrosine-ox.:tcc;n (0EtOxy::l were founli to decline progressively (a=1 .OO, 

0.88 and 0, )O.respectively), corresp)nding to a change from an agonist 

to a partia. agonist, to a competit:~ :e antagonist. While OEtOxy 

antagonized th.e action of oxytocin, ,t amplified the hydroosmotic action 

of theophyl .ine, a phosphodiesterase inhibitor. The affinity constants 
for the synergistic and antagonistrc receptors amounted to pS2=7.00 and 

pA7=6.85, respectively. The sirnilar~ty in the binding constants for 

OEtOxy suggests to US that both proc,?sses, antagonism as well as synergism, 
or~ginate fror the same receptar svsteni. This synergism is therefore a 

consequence or ;)EtOxv stimulation (11 the adenyl. cyclase system, but the 

degree of t>i ',tim~lation is insuff:cient for the triggering of a 

i 
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nydroo:,rnot:c :e-.!. ;e :n the ~bsenci. : a p:~o~phodiesterase ir,hibitor. The 

synergistic a:t .La;: $)i na:i:ma: canient: i:i,,ns of OEtOxy was mimicked by 

threshold con:e::trait:s)ns of 3' . 5'-A?!? 

were then stuilL-d r?t iaxinal c>ince::trations PGEl reduces the intrinsic 
activity or C>!ei,x-: 5ubstantially CI-:,,~. i i!,dS to 'I, 10; however, the intrinsic 

activity of CS!;:CC in is snly reduced : r-rn :=l. 00 to 0. 80. This non- 

com?etitive nr.t,ig(inisn: of PGEl revea::: ciri excess~ve stimulation of the adenyl 

cyclase systen -I> 'high concentratit 11s .,I ~xytocl:~. It may be concluded, 

therefore, tt.at 1' Ir,-itiypoph);seal pc:t :de?:; ar-2 cn?able of prodxcing graded 

effects an a( en:] cyclase both behh I >libthr*shold) and above (receptor 

reserve) the ra .)I enzynle ai tiv:t', u!:i~h evokes graded changes in rnem- 

brane perneat i I L t : 

T!;e inhibitory properties of PGEl 

The 
marinus, 

response 
-- 

perreabili:;: to water i:f tk,e 

can be : ncre.aseti k'ith certa;: :iypertonic serosal solutions. This 

to IyFertcnic-ity was Eo,ind t be similar in several respects to the 

hydroosmotic response of the bladddcr ialiowing stimulation with vasopressin 

or cyclic 3' 5'-i>MP. Re!at.iveL) i7ipc.rnaner.t solutes, such as sodium and 

mannitol, arc c:i;rs~derabl? nore efiec :ve in promoting net :nucosal to 

serosal wate: -cl:ienient whereas hi<!il:; permanent solutes, such as urea, are 
ti- 

ineffective. Kh. le vasopressin i.r.n:b tL>r's (prostaglandin E1 and Mn ) do 

not alter th,> response of the bladder ti, !hypertonicity, cyclic 3' ,S'-UP 

inhibitors (:n*, low Kf, ill1 6.5) dra:tic,ally reduce this response, It is . 

concluded th.it t!,ere LS an cs;rosens:t ':e zornpartment, i.e. an osmoreceptor, , 

in the toad .)lad!er epittietiurr the <.IC .;vation of which triggers a hornione- 

like increas.; :n the permeabi;~r:y :t) dater of the tissue, It is suggested 

that this os~~1orei.eptor exert::; it's e!I.?ct after the fornation of cyclic 3',5!- 

1u.IP in the c la, n ,if events whici: ct1.i:- ii terizes t.he action of vasopressin. 

:rinary bladder :>f the toad'Bufo 

t 

1 

Progres; co,dard the fiJ11 ,ander:;t inding of (.he mechanism of sodium 

transport ac;o:,s 1 iving membranes w;ii --ade by :nvestigating the energetics 

of transport LT: t he tlirtle, blndljer. ,i tissue with vigorous sodium transport- 

ing propertr.3~ The ratio of sod:u:i :cns moved across the epithelial 

layer to mo12c:les of oxygen tonsumeii was found to be 22, a value incompat- 

ible with Et-e .o-called "redox pdmp" 7echanism The value is of particular 

interest becsuse LE was derived frap :t;r epithelial layer only. The 

epithelium  as separated from the !i:>,( er! ,ing smooth rnciscle layer, the 

relative amc1.1ncs and respiratory <ict ~\::ties (if the two types of tissue de- 

termined; tte iirst time this has bet :I done foi- a tissue used as a nodel 

for sodium tra;issort The two isohred layers 3f the turtle bladder are 

being investigated to determixe the >~~~ribution of smooth nuscle to phe- 

nomena prev:ous!v attributed ;c!elv :, :ransporting epithelial layers. 

.. 

Studlec bere undertnb.en :c detr, TL;IC: the -node of action of the cardiac 

glycoside, I uab'tin, an iiih~bi-cr ': idiu.1 transport. To systematize 
metabo,Lc e feci s tti,it t'ie pi ture ,)u'ibarn nc t ion [nust explain and to 

test tne po sin lit); that 0un3~iin nti in1 ;tration is synonymous with re- 

moval of e:.: ?rill S~>C*~UI~I, tte :ilspL - t' t ~xygen consumptlon to auabain 
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and to ~fie r-?m)vi~ 01 sodiurq has deEerrnined for four tissues whose ion- 

transporting act ;;ities nave been we. 1 -c 'raracterized--cerebral cortex, 

arinary bladder, sirotn -iiusclc and 3astr;c ~ucosa. Brain respiraclon was 

stimulated ty )L i~ain, DI!~ ~nhibited bv rhe substttutlon of choline for 

Sodium, a finair,: incompatiolr with rhe frequently nade assumption that 

ouabain adnini ,t ratLi>n and reriova. 71 >ndiu;i v:a choline substitLtton are 

basica, !;r LI rnt. -ai ~ro~t~dure~~ 

Ir? the colrse <>r the wcrk i>n oxJgen consumption, inforriation has been 

obtained on the :lark oxyger. c'lectroce A new -ethod of calLbrating the 

electrode hcs 3ten described, and prc ~le~s in :ne neasurement of respiration 

of isolated tis'$ies brouqht t' light and solved 

8-argil ine---vasopressi.noic acid, an analog of the marnmaliani8ntidiuretic 

hormone in \+.hic!i the carboxamide groi p of the glycine residue is replaced by 

a carboxyl ),rou:), was isolated after treatment of S-benzyl-N-tosyl-L- 

cysteinyl-~-tyrcisyl-~-phetiylalanyl-~ glutarninyl-~-asparaginyl-S-ben~yl-L- 

~ysteinyl-~-pr~lyl-~$-tosyl-L-argin.~ - - glycine-resln with anhydrous hydrogen 

fluoride, df-!prot:ection, oxidation anti partition chromatography on Sephadex 

G-25 in the scl.:ent system 1-butancil ethanol-pyridine-0.lN acetic acid 

(4: 1:1:7). 
and amino a;id .inalysis Upon test.i:ig for biological activity, 8-arginine- 

vasopressin.iii ~cid was found to possess a high activity in the toad bladder 

hydroosmoti: assay, but low activir.>' in the rat uterotonic assay and no 

activity at a c.)ncentrati8:>n as high 1s 3 x 10-hin the avian vasodepressor ' 

assay; most s;gnificnntly, this horrnIne analog was found to inhibit AVP- 

induced ant-d.uresis in the rar 

Tb.i'; analog gave the expected values for elementary analysis 

4 

1nvest:gat:on of the substrate ;pecificity of a partially purified 

enzyme frcrr tile toad bladder, which lad been shown by Campbell et al, to 

cleave glycinnmid~ from lysine-vasopressin, showed that this enzyme trans- 
gresses the bdundaries of the substrate specificity for chymotrypsin as 

well as tr)ps;r., because it catalyzes the cleavage of glycinamide from 

both oxytocin and lysine-vasopressir Thus the amino acid residue in 

position 8 is not essential for the enzyme to recognize oxytocin and lysine- 

vasopressin as substrates, a contention which is further supported by 
findings here that the glycinamide -oiet.y is readily cleaved from 3-phenyl- 

alanine-8-alanineoxyto~in. However, the chemical functionality of the 

glycine residue in positi.on '2 is of critical importance for the hormone 

to be recognized as a substrate. 

and glycine dinethylami.de were dete: ted upon incubation with enzyme of 

deamino -ox!, roc : no ic ac d met hy 1 ami df 

amide, resi,ectlvely, Oxytocinoic a( zd, an analog in which the carboxamide 

moiety of ~xytocin is replaced by R carboxyl sroup was essentially un- 

affected. Attc~nrion was drawn t3 tlie possible general significance of 
enzymes--pc,sse!;sing a substrat e spec ificity comparable or identical to 

that of 'c.trboxarnidopeptidase desc -ibetJ in this study--in the overall 

regulation ~f 

terminal a :LTO ac :d residue bears ,i ~:nrboxamide group. 

Oriy t:races of glycine methylanide 

and deamino-ocy toc ino ic ac id dimethyl - 

*:he ;i(tion of ather ;,tiptide hormones in which the carboxyl- 
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Prolect Title: Xechanisms of Action o: ?ree Radicals and Hormones 06-01-~2-(c) 

16. Technical Progress in FY 1970: (Cont'd.) 
-c_ 

220 MHz proton nuclear nagnetic resor.ance (NMR) was used in ccntir,ued 
investigaticn ~f the conformation of neurohypophyseal hormones. This 

technique offers great promise in reLealing information about helix - coil 

transitions and mobility of side chair.^ as well as intra- and intramolecular 

interactions in peptides and prcteins. Clne prerequisite fcr a successful 

ccnformatiorial investigation of a peptide or protein by NMR is the identi- 

fication of the resonance pattern of indi-vidual protons of the constituent 

amino acids. Resonance peaks were assigned to specific residues in the 

neurohypophyseal pept ides using: 

temperature levels; (D) comparison of spectra of intermediates of oxytocin 

and of analogs with selected structural modifications; and (c) homonuclear 

proton spin-decoupling. In the course of the assignment the variable 

temperature studies were particularly helpful in resolving overlapping 

resor.ance  signal.^, while the spectra of 1-ntermediates and analog; give an 

indication cf the chemical shifts and the resonance pattern to be expected 

for the individual amino acid residues in the hormone molec le. The de- 

coupling experiments were vital for deciphering which NH, C , and C protons 

belong to a particular amino acid residue. With this approach, magnetic 

resonance peaks were assigned to individual protons of the constituent 

amino acids in t:he neurohy ophyseal hormone, oxytocin. Some of the observed 

chemical . ___~__ shifts, ~ . and NH-CH' coupling con:;tants were studied in relation to 
the conformation of the hormone. (Schwartz, Walter) 

(a) examination of WR spectra at d ifferent 

& ,? 

- 
17. Expected Results in FY 1971: 

Some further improvements in the data-reduction capabilities of the 

on-line Sigma-2 programs are planned, but these are not major. A significant 

revision of the system to improve input-output facilities for processed 

data will be undertaken, because this is a present bottleneck. Access to 

Brooknet is anticipated this year, leading to an uncertain requirement 

for system xodifications. 

If it appears desirable in light of Brooknet operation, the CDC-6600 

programs CONVOL and EPRSYN may be rev1st.d to take advantage of the Extended 

Core Storage facility. The postponed initiation of CDC-6600 program develop- 

ment for automatic analysis of EPR Lpectrn may be undertaken depending on 

availability of collaborator5. 

The major progress anticipated with regard to experimental apparatus 

and instrumentation are: 1) the installation of the external magnetic field 

sweep conti-01 and its coordination ~ith computerized data-taking, and 2) 

the setting up of ELDOR. As a new ;ind complicated form of spectroscopy, 

ELDOR may require a major installation effort. 

need to be designed and fabricated !or !:he Q-band EPR flow system. 

A two-stage mixer may also 

The free radical studies on porphyrins will be active. The identifi- 

cation of the chlorophyll radical slioultl be completed. Unusual oxidation 

states of ,ome manganese and cobaIt porphyrins will be pursued. A start 

(See Con t inua t i on S hee t) 06-84 
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17. Expected Results in FY 1971: (Cont 'd.) 

wil: be made on experiment31 work with iron porphyrins, although many 

paramagnetic iron compounds do not exhibit EPR. ELDOR is strongly indicated 

for the porphyrin work and Gill be used, if available in time. 

Computer-based EPR studies of the improved rhodopsin and rod-cell 

preparations should be completed. For lack of manpower committed to the 

project, Lt is not now clear whether zhe low-temperature liquid work or the 

charge-transfer studies will be resumed. 

In order to improve old experiments on transient tree radicals of 

catecholamine hormones, some of the critical flow experiments will be rerun 

to take advantage of the improved resolution and analytical capabilities 

of the computerized EPR system. Atom bombardment and irradiation of powders 

and crystals of purines, pyrimidines, and other nucleic acid comFnents 

will continue. Structural analysis of the 9-methyl adenine radical should 

be complete. Correlation with radiomimetic reactions run in the EPR flow 

apparatuses should be actively underway. 

Resynthesis of new materials should allow digitization o€ spectra 

and computer analysis of at least some pyrimidines, nucleotides and nico- 

tinamides. Further extension of the work from substituted nicotinamides 

to nucleotides themselves and eventually to enzyme reactions will depend 

on opportunities to collaborate with Rogers (Medical College of Virginia). . 

Resumption of active work on tissue EPR signals is planned. 

large-sample cavity problems should be completed. Preliminary evaluation of 

the Q-band E:PR will be carried out, and ELDOR will be tried, if it is avail- 

able. Depending on the evaluation of these methods, the previously proposed 

Resolution or' 

systematic analysis of tissues may be started. (Berg) < 
1 

It is hc ped to accomplish the elucidation of the three-dimensional 

c rys t a 1 structure of deamino-6 - se lenn-oxyt oc in. 

in solution will be continued with the purpose of arriving at the solution 

secondary srructure. 

Con format iona 1 stud ie s 

Cyclase preparations of varims hornlone-responsive tissues will be 

developed in order to study the mechanislm of action of the neurohypophyseal 

hormones at multiple levels of organfzational complexity. In this context 

it is planned ,to develop a method for measuring total cyclic nucleotide 

levels in the presence and absence of agents which are known to alter 

membrane properties. 

The mechanism by which hypertonicity alters the water permeability 

of the toad bladder will be continued and a study concerning the mechanism 

by which the steroid aldosterone potentiates the ADH-induced hydroosmotic 

response will be initiated. (Schwartz , Wa 1 ter) 

(See Continuation Sheet) 06-85 
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18. Expected Results in FY 1972: 

Logical continuation of the projects proposed for PY 1971 is to be 

Those projects presently receiving reduced attention because expected. 

of insufficient personnel should be supported. ENDOR spectroscopy will be 

instrumented, if there is sufficient support. 

EPR, ENDOR and--probably--ELDOR can be of great importance in structural 

analysis of paramagnetic molecular centers. Hence, investigation of a 
productive collaboration with the Center for Structural Biochemistry should 

be an objective for FY 1972, at the latest. 

Paramagnetic shifts in NMR lines can provide useful information about 

free radicals that can be stabilized. Col.laboration with an NMR group-- 
preferably at: BNL--is apt to be necessary by this time, 

\ 

Spin labels are being used with Increasing frequency in biochemistry 

and biophysics. They may have special application to structural studies. 

Consideration should be given to sett:ng up a support facility for EPR of 

spin-labeled samples. 

A conceptual review should be undertaken of the relevance of free 

radical biochemistry and of EPR and related spectroscopies to environmental 

problems. 

free radicals in the fate and behavior of atmospheric pollutants would 

seem worthy of investigation, but it is unclear that this is a good subject 

At this tine the role of photochemical degradations involving 

for an investigator with a medical background. (Berg) 

As many of Khe hormonal studies will be continued as collaborative - 
support permits. (Schwartz, WalterZ) a 

19. Description and Explanation of Major- Materials, Equipment and Sub- 

contract Items: 

Capital equipment required for progress in these studies include: 

ENDOR Accessory, $32,700 in Fy 1971 and replacement EPR equipment, $40,000 

in FY 1972. 

20. Proposed Obligations for Related - Construction, if any: 

Bio- Med con junc t f ac i 1 i ty 
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SCHEDULE 189 

ADDITIONAL EXPLANATION FOR. OPERATING COSTS 

Brookhaven Nation21 Laboratory 

Laboratory 

06-Biology 6 FIedicine 

Program. 

Contract No. : Task No.: 1. Contractor: - 
Associated Universities, Inc. AT-.30- 2-GEN- 16 

2. Project TZ~: 189 No.: 

Radiation C; ene t i cs - -Med ical Res ear ck 06-165 

6. Worki.ng Location: 5. Method of Reporting: 

Brookhaven fiational Laboratory 

PlWACY ACT MATERIAL REMOVED 
See sub-activities 

7. Person in CharKe: 8. Project Term: 

S ee sub- ac c iv i t ies 

Principal Investigator: 

Continuing 

From: 
- 

To: 

4 

See sub-activities 

FY 1970 FY 1971 FY 1972 9, Man-Years: 
Sci., RPS. Assoc. (Ph.D. or Equif .) 3 .O 3.0 3 .O 

Visiting Sc!. 

Prof. (B.S. or Equiv.) 
3 .O 3 .O 3.0 
7 .o 4.5 7 .O Te c h n i c ‘1 1 

Adm. h Servlce 
Guests t. Research Collaborators 

- - - 
- - - 

Sci. tx EnF;. - Total 

2 .o 1.5 2.0 
0.5 0.5 1 .o 

12.5 9.5 13 .O Total 

FY 1970 FY 1971 FY 1972 10. Costs (In Thousands of Dollars): 
Labor (including benefits) 16 3 14 1 166 41 

Mats., Trav., Dev. Subcont., Spec’l Proc. 

Reactor, Accel., and/or Computer Usage 2 1 1 
A1 located Technical Se rv ice s 

71 43 
0 0 0. 

Gen. & Adm. Overhead - 
- Total Research Cost 

PRIVACY ACT MATERIAL REMOVED 

- 11. React or Concept: - !t2. Materials: 

06-165 
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Fed i c a 1 Re ear 11 11 

O6-01-03- (a) Storage arid Transfer \if the Genetic Message 
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SCHEDUi5 189 

ADDITIONAL EXPUNATION FOR OPERATING COSTS 

B r ook h av e n N a t i o~ a 1 Lab or a t or 

Laboratory 

06-Biology ti Nedicine 

Program 

Contract KD.: Task KO. : 1. Contractor: 
Associated Yniversities, Inc. AT- 30- 2-GEN- 16 

2. Project Tit&: 189 No. : 

Radiation Genetics - Medical Researcii 

Storate hnd Transfer of the Genetic Message 

06-167 

4. D'ate Prepared: 3. Budget Acti.~ity No.: - 

06-01-03- (a~t May 1970 
\ 

, 
.- 

5. Method of Reporting: 

BM, Annual Keport 

BNL Monthly Letter to AEC 

Bulletin of the Medical Department 

6, Working Location: 

Brookhaven National Laboratory 

7, Person in Charge: 8. Project Term: 

Continuing L. D. Hamilton 

Pr inc i pa 1 I nv e s t i ga t or : 

L. D. Hamilton 

s. L. Cmerford 
N. Delihas M.H.F. Wilkins & ,Associates (King's Collene, London) 

From: To: 

I 

> 

9. Man-Years: 

Direct Man-Years FY 1970 FY 1971 FY 1972 

Scicntific 6 Professional 

Other 

Guests Cr Res, Collaborators 

Total 

3 .O 3 .O 3 .O 
9.0 6 .O 9 .o 

12.5 9.5 13.0 

LL 1 .o 

LO. Costs (In Thousands of Dollars): 

Research Division 

Hospital Division 

Research Costs 

FY 1970 FY 1971 FY 1972 

275 237 24 7 
35 13 38 

3 10 250 285 

.- 

11. Reactor Concept : :t2. Materials: 
- 
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Project Title: Storaqe and Transfer 01 the renetic Hessage Cb-~ll-fl?- (a) 

13. Publications: 
._ - ' A- 

Richmond, J. Y. and Hamilton, L. D. Foot and mouth disease virus 

inhibition induced in mice by syntnet:c double-stranded LNA (polyriboinosinic 

and polyribocyticylic acids). Proc. h'at. Acad. Sci. U.S. - 64, No. 1, 81-6 

(1969). ,, , 

Hamilton, L. D., Babcock, V. I., , Soutiham, C. M. Inhibition of herpes 

s imp Lez vi ru:; by syn t he t ic doub 1 e - s t randed RNA (pol yri boadenyl i c and po 1 y- 

ribouridylic acids and polyriboinosinic and polyribocytidylic acids). Proc 

Nat. Acad. Sci. U. S. 64, No. 3, 878-p.3 (:.969!. - 
, '<' L '. 

Vilkins, M. H. P., Wilson, H. R. and Hamilton, L. D. Secondary 

structure of DNA, Proc. Nat. Acad. Sc i. IJ. S. (in press). 

Vilk.ins, M. H. F., Arnott, S., fitlrviii, D. A., Hamilton, L. p. Fourier 

analysis and the structure of DNA: some misconceptions on Bourier analysis 

and Watson-Crick base-pairing. Scieni:e (in press). 
',/ :, 

14. Scope: 

Short- 2nd long-range objectives in this activity include research on 

the physical structure of storage and transfer of genetic information, and 

how a wide variety of chemicals damage informational macromolecules. Protein 

synthesis continues to be the central problem. Despite advances, e.g. 

coding and cell-free systems, it is Likely to remain central for another 

decade--or at least until the structures of: ribosomes and transfer RNA mole-' 

cules, etc., are elucidated and protein synthesis is described accurately 

in 3-dimensions. Despite worldwide expansion in research on this subject, - 
further nucleic acid-protein studies will be needed for several decades I 

before intracellular processes in higher organisms are understood. Now that 

the chemical basis of coding is clear, interest is shifting to structural 

aspects of protein synthesis, e,g., as studied here in collaboration with 

the Medical Research Council's Biophysics Research Unit, King's College, 

London. The methods originally developed for DNA are now being deployed 

for RNA's an3 ribosomal structure. 

In addition, biochemical studies of ribosomal structure, and how RNA 

segments interact with ribosomal proteins,, are carried out on Escherichia 

coli ribosomes by (a) treating ribosomes with ribonuclease (RNase) to 

determine which RNA portions are vulnerable to cleavage and thus define 

their role i.n particle stability; and (b) labeling ribosomes -- in vitro with 

1-125 to det:eraine which ribosomal components are accessible for labeling. 

The transcri-ption from DNA to messenger RNA is studied by (a) detailing 

the 3-dimensional conformation of RNA and the interactions of synthetic 

polyribo- and polydeoxynucleotides; and (b) biophysical and biochemical 

characterization of the messenger RNA- DNA- RNA po lynlerase complex. Short - 
term object1.ves of this research are t3 determine (a) conditions for the 

reaction of iodi.ne with nucleic acid:, so that iodine is bound at known 

positions, ',n the amount desired, with Tinirnal side-reactions; and (b) 

(See Con-tinuation Sheet) 06-168 
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Prolect Titlie: Storase and Transfer of the Genetic Message 06-01-03- (a) 

14. Scope: (Cont'd.) 

the effect of this addition of iodine and its radioactive isotopes on the 

physical and biological properties of DNA and RNA. The availability of 

such a labeling procedure would assist in analysis of the transfer of informa- 

tion from DNA to various RNA's. 

Study of the interaction of' chemicals with the informational macro- 

molecules needs extension and entails expanded research on the interactions 

of the rnacroaolecules themselves and of the enzymes involved in their own 

synthesis ard protein synthesis. generally. These interactions are central 

to understanding how factors in the environment influence heredity and dis- 

tort: differentiation. They also relate t.o how viruses, chemicals and 

radiation induce somatic mutations, and how they and other factors accelerate 

aging. 
\ 

3 

A spin-of€ of the ability to make purified, synthetic, double-stranded 

w's and tc monitor the extent of their double-helicity by x-ray diffraction, 

has been the practical tests of these materials as inducers of interferon in 

the treatment of several virus diseases and tumors in animals. These 

two-stranded complexes are being tested lnere and in collaboration with 

several investigators at Sloan-Kettering Institute for Cancer Research, 

New York: effects of poly rA:rU on herpes simplex virus (HSV) (with Dr. 
Chester Southam); the effects mainly of poly rI:rC on tumor inhibition 

(with Dr. G Tarnowski and Dr. C. C. Stock); the effects on tissue culture . 
and reticuloendothelial system activity and tumor inhibition (with Dr. 

Lloyd Old) ; and pharmacology of the complexes and the polynucleotides (with' 

Drs. F. S. Philips, S. Sternberg, M. Pleisher, H. Marquart, and M. Zedeck). 

Collaboration with Plum Island Animal Disease Laboratory, U. S. Department- 

of Agriculture, Greenport, New York, includes study of the effects mainly s 

of poly rI:rC on foot-and-mouth disease virus (FMD) (with Drs. J. Richmond' 

and J. W. Plcvicar). These studies on the biological effects of synrhetic 

polynucleotides occasion some postponenents of work on the 'study of the 

structure of informational macromolecule!s and of their interaction with 

small mo1ec:ules and collaborative st.udiE!s with the Biophysics Research 

Unit, Kini's College. 

15. Relationship to Other Projects: 

Storage and transfer of information is the central problem of contempo- 

rary biology. Related studies are 'being carried on in laboratories through- 

out the world. 

Related studies at BNL include Burtin on 4X DNA, Studier on bacterio- 

phage T, DNA, and Lacks on the mechanism of bacterial transformation by DNA, 

all in the Biology Department. 

Others working on structure of polynucleotides with x-ray diffraction 

include Alexander Rich at MIT, Cambridge, and David Davies at NIH, Bethesda, 

(See Cantinuaticm Sheet) 06- 169 
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(structure of .;ynthetic polynucleotides) ; Robert Langridge, Biophysics 

Department, Princeton, (structure of ribosomes ar,d viral RNA); and V. 
Luzatti at Strasburg, France, (structure of nucleoproteins). There is no 

identical work being carried on in an!. AEC laboratory 

Kornberg at Stanford, Bollum at Kansds, and Khorana at MIT are studying 

the enzymic synthesis of DNA and synthetic deoxypolynucleotides. Dudock at 

State University at Stony Brook is determining the primary sequences of 

transfer RNA's. Sidney 3rerlner and Francis Crick at Cambridge, England 

are investigating coding by genetic experiments and the structure and d2- 

tailed function of transfer RNA. Studies on the amino-acid code are being 

made with synthetic polyribonucleotides by Nirenberg, NIH, Bethesda, and 

Ochoa and co-workers at NW, New York 
1 

Watson at Harvard and Cold Spring Harbor, Jacob and Monod at Pasteur 

Institute, Spiegelman at the Delafield, New York, are studying the transfer 

of information by messenger RNA, its relation to DNA and ribosomes and the 

interaction of various polynucleotides. Research on DNA-RNA hybrids is 

being done by Hayashi at La Jolla, Konrad at Berkeley and Spiegelman; they 

have examined virus infected cells for such hybrids with conflicting results. 

Brammer at Berkeley and Zamecnik at MGH have investigated the effect 

of bromination on the infectivity of TMV-RNA and the amino acid accepting : 

activities of yeast transfer RNA respectively. Erammer has also investigated 

to a minor extent the effect of iodination on the infectivity of TMV-RNA. 
' 

However, the reacrrion conditions and the sites and extent of this iodina- 

tion differed from those done here. 
< 

Nornura and Traub at University c:f Wi.sconsin are studying bacterial 

ribosome struccure and function. Ribosomal RNA is being studied by 

Hadjiolov and co-workers in Sofia, Bulgaria, working on the ovcrall primary 

structure of liver ribosomal RNA; Spencer, M.R.C. Biophysics Research Unit, 

London, is studying a crystallizable RNA fragment structure from bacterial 

and yeast r1.bosomes; Cox, Mil.1 Hill, the secondary structure of reticulocyte 

ribosomal RIM; Midgley, England, E. -- coli ribosomal RNA structure; and Gould, 

Imperial Co:.lege, polyacrylamide gel electrophoresis separation of ribo- 

somal RNA fragments. 

Other physico-chemical studies, e.g. melting curves to determine 

sequence complementary on nucleic aclds ,are being made by Doty at Harvard 

and on transfer RNA's by Berg at Stanforid. The Setlows at Oak Ridge 

National LaDoratory (AEC) are studying enzymes that repair DNA after damage, 

and Freifelder at Brandeis, the nature of the lethal lesion in DNA after 

radiation injury. Increasing evidence from many laboratories is pin- 

pointing thc2 nucleic acids as key targets of radiation damage. 

(See CTjntinu ition Sheet) 06- 170 
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The effects of polynucleotides and. of other interferon-inducers, 

especially the anti-viral and anti-tumor e.ffects, are being studied in many 

laboratories. The main investigators include Field, Tytell, Lampson, and 

Hilleman at t.he Merck Institute, Baron and, Levy at NIH, Merigan at Stanford, 

Colby and Chamberlain at Berkeley. Although some of these investigators 

work on closely related biological effects, the studies done here and at 

collaborating laboratories differ importantly in: (I-) physical characteri- 

zation of the polynucleotide complexes; (it) uniqueness of viruses studied, 

e.g. FMDL' on1.y at Plum Island; (3) uniqueness of experimental tumors tested 

at Sloan-Kettering; (4) comprehensiveness of pharmacology and toxicological 

studies at SI-oan-Kettering. 

16. Technical Progress in FY 1970: 
\ 

Direct :interest in DNA conformation has been virtually exhausted 

except for DNA's considered unusual by virtue of source, size, or base com- 
position, and DNA's in which thymine is replaced by a halogenated uracil. 

X-ray diffraction studies to date do not support the concept that DNA con- 

sists of subunits linked by phosphopeptides. Were DNA composed of regular 

subunits, one should be able to get much more highly crystalline x-ray 

diffraction {patterns from such subunits than earlier obtained from intact 

DNA. This expectation is based on the fact that ridding DNA of the phospho- 

peptide linkages and ending up with a family of identical subunits, these . 
should pack inuch more regularly than the more heterogeneous DNA's. In 

studying fractions, the original 10s fraction gave a poor B pattern; 

the 6s fraction was no worse--if anything the pattern indicated slightly 

more crystall.inity--but still poor. One (concludes that dissociation does - 
not produce good quality DNA since these smaller units only have the abiliti 

to give B patterns and not the more cryst,alline - A patterns. 

ized 10s-fraction also gave a very poor B pattern; again, the material was 

not able to pass into the A conformation, indicating that although the 

material consisted of double-stranded DNA, it was altered in some way so 

that it could not undergo the normal B to A transition. The poor quality 
of the pattern again indicates that tKe product was poor. In view of the 

fact that highly crystalline A patterns of DNA have been obtained with 

many DNA's of much higher molecular weight than either the original 10s 
fraction or the repolymerized 10s fraction, it would appear unlikely that 

the repolymerized material represents DNA in its natural state. Such 

poor patterns might be given by DNA in which there was some side-to-side 

aggregation rather than one continuous double-helix embodying the postulat- 

ed links. In summary, the x-ray data to date speak against the concept of 
subunits in DNA. 

The repolymer- 

Further studies have been completed on synthetic, double-stranded 

copolymers formed from a polyribonucleotide and a polydeoxyribonucleotide, 

i.e. polydeoxyriboadenylic and polyribouridylic acids, and polydeoxy- 

thymidylic and polyriboadenyl ic acids. Interesting patterns have been 
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obtained witli the poly dhU complex. 'Ther'e has been difficulty in securing 

adequate polydeoxythymidylic acid; t.his has made diffraction patterns of 

poly dTA complexes unsatisfactory. C~mplexes of poly dAU have been observed 

in which there are two strands of poliribouridylic acid to one of polydeoxy- 

riboadenylic acid; there were also duslexes in which there are single strands 

of poly dA and psly U. This is the first time that double-stranded copoly- 

mers have been observed in the complex formed froT a polyribonucleotide 

and the polydeoxyribonucleotide. Moreover, in this conformation the duplexes 
are in the A conformation and there are shifts :.n conformation with addition 

of salt. 

Crude RJA has been prepared from wound tumors as the first stage in 

the isolation of the double-stranded RNA from the wound-tumor virus. 

Improvement in the material isolated froT1 the wound tumors has no't been 

possible because of the diversion of time to the synthetic polynucleotide 

program; material has therefore been stockpiled for further purification. 

For similar reasons, little has been done on interaction of drugs with 

polynucleotides other than continuing, work on papers on interactions of 

small molecules with DNA, RNA, and especially on the complex of daunomycin 

and DNA, on intercalation versus external binding by drugs in general to 

DNA, and on actinomycin and DNA. 

In studies on structure and function of ribosomes it was found that 
-2 

digestion of 30.5 ribosomes with pancreatic RNase at 0' in 10 

(pH 7.8), 10- 

units in low molecula; weight form. 

has no 23s component but predominantiy 16-185 and 10-12s components. 70s 
particles dc? not dissociate after digestflon under these conditions to 50s 

and 30s subunits, but do so if they are pretreated mildly with trypsin. 

RNase-treated particles are as active> as undigested ribosomes in in vitro 

poly U-directed polyphenylanine syntliesi:;; thus the activity of ribosomes 

was not affected by the presence of RNase-induced breaks in the RNA. 70s 
ribosomes can be readily iodinated - in -- vitro with 1-125 at LtO'C, pH 5.0, 
lo-* M-MgCl,:. 

with a mino;; fraction on the RNA. 

separated in polyacrylamide gel e1ectropinoresis contain 1-125 label. 

Ribosomal RNA in the free state labels readily under the same conditions 

of reaction The RNA in situ appear:; largely unaccessible for labeling 

whereas many of the proteins are reaiiily iodinated, 

M-Tris-HCL , 

M-VfCl,, 3 x lo-' M-NH C1 releases about 3% of the A260 

ikyA isolated from the intact ribosomes 

< 
0 

-- 

Over 95% of label bound to the ribosome is on the protein 

All bands of 70s ribosomal proteins 

-- 

Conditions have been found whic.1 permit iodine to form a stable bond 

with the cytosine of RNA or DNA by sibstitution of the proton at C5. 
This reaction is specific for cytosine and no irreversible side reactions 

appear to occur since iodination, at least at low levels, does not affect 

the molecular weight, the ultra violet absorption, the melting temperature, 
the speed or extent of renaturati-on )r the transforming properties of DNA. 

The reaction LS very sensitive to the secondary structure of the nucleic 
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acid. 

been labeled witn the radioactive isotope of iodine 1-125, at levels up to 

1 bc/mg RNA. 

Up to 30% of the cytosine of DNA have been iodinated and RNA has 

In antivirai studies on biological effects of polynucleotides, 

synthetic 2-stranded poly rA:rU as well a;s poly r1:rC protected against 

systemic herpes simplex infection in mice, herpes simplex-induced cyto- 

path0genicit.y in hurnan cell line HEp2 tissue cultures, and herpes simplex- 

induced keratoconjunctivitis in rabbits. Both poly rA:rU and poly r1:rC 
were effective in vivo and -- in vitro and when given systemically or topically 

Topically, the effect was localized in that if only one eye was treated 

with polynucleotide complex, the contralateral infected eye was unprotected. 

Furthermore, some rabbits whose eyes had responded to local treatment with 
the polynucleotide died of cerebral involvement with the virus--,again in- 

dicating localization of the therapeutic response. 

-- 

Herpes Simplex virus is a DNA virus. Protection by 2-stranded 

polynucleotide complexes extends to other kinds of viruses. Thus poly 

r1:rC induced host resistance to foot-and-mouth disease virus (FMDV--an 

RNA virus) when pg quantities were injected into mice. There was a 

graded response as shown by titrations of polynucleotide complex or virus. 

Protection was effective for > 48 hours a.fter single injection of poly- 

nucleotide complex. Survival and serum interferon titers were directly 

related. The fact that poly r1:rC induced resistance to FMDV, while 

single-stranded unaggregated homopolymers of poly rI and poly rC did not, 

imply that a prerequisite for -- in vivo activity against virus is 2-stranded- 

nets. Preli-minary experiments in guinea pigs and cattle have shown 
similar responses to the polynucleotide c:omplex. I 

2 

Effect]-veness of the 2-stranded polynucleotide complexes in pro- 

tecting agai-nst certair: virus diseases led to their trial against experi- 

mental animal tumors. With some tumors the effects of the polynucleotide 

complexes have been inconstant and minimal, e.g. RADA1 leukemia in A mice. 

With some others and especially solid turnors, e.g. Ridgeway osteogenic 

sarcoma, the complexes have been consistently active. The mode of action 

of the antilrumor effect of the polynucleotides remains obscure, but from 

present results it does not seem likely that the polynucleotides are 
acting against tumors by induction oi interferon, via the reticuloendo- 

thelial sysitem. (RES), or by acting as an endotoxin-like substance. 

RES activity, measured by the carbon clearance slope of mice given 

20, 100, and 500pg per day i.p. of poly r1:rC for 7 consecutive days, did 

not increasc; indeed there was a hint of depression of activity, perhaps 

because of a charge change on the surfacie of the macrophages. This 

absence of significant modification >f the functional activity of the RES 

by poly r1:rC contrasts with other agents known to modify function of 

phagocytic cells and to heighten resistance to virus challenge. Not all 

(See Corftinuation Sheet) 06- 173 

I I18194 



Radiation Genetics - Yedical Research 
- Prolect Title: Ctll- i YPWVP - ci6-ni -07- [a) 

16. Technical Pragress in FY 1970: (Cont'd.) 

agents of course that increase phagoc;t:c activity of the RES alter resist- 

ance to viruses 

In experiments on RADA1 tissue culture cells on the uptake of 

valine-H-3, poly r1:rC did cot affect uptake at concentrations as high as 

100 pg/ml over periods as long as 24 hr. At 20, 50, and 100 pg/ml there 

was a tendency for the cells to clump. but no effect on protein synthesis 

at any concentration ranging from 0.2--100 pg/ml in 3, 5, 6, and 25 hr. This 

remarkable result contrasts with the activity of various metabolic inhibitors-- 

actinomycin, iodacetamide, puromycin, chloramphenicol, - p-fluorophenylalanine, 

c yc 1 o hexarnide , deoxyadeno s ine , 5 - f luorodeoxyurid ine , 
cy to s ine , hyd roc0 r t i sone 2 1 - phosphate - - in this system. 

1 -!3- D- ara binof uranosyl- 

Toxicity studies in mice, rats, dogs, and monkeys are beingl>arried 

out with Dr. F. Philips and his associates at the Sloan-Kettering Institute 

as a prerequisite for trying these specific polynucleotide complexes against 

cancers and serious virus diseases in man. Because of the variability in 

the biological potency of the polynucleotide complexes from batch to batch 

depending, ir: now appears, on variability in the individual homopolymers 

used for the complexes, a decision was made to prepare a single batch of 

- 40 gms pol:{ r1:rC. Toxicity studies would then be completed on this 

material and the characterized complex used for clinical trials. This 
material has been prepared and studies for its characterization are beginning. 

17. Expected Results in FY 1971: 
.- 

It is hoped to complete papers on the high-resolution data and refine-- 
J 

a 
ment of B DhA, on the complex of daunomycin and DNA, on intercalation 

versus external binding by drugs in general to DNA, and on actinomycin and 

DNA. 

If diversion of time from the synthetic polynucleotide program permits, 

double-stranded RNA will be prepared from wound tumor virus if possible in 

milligram amounts. This double-stranded RNA is important for elucidating 

in detail the molecular properties of the double-stranded helical regions 

in RNA structure and defining how RNA itself can function as the primary 
genetic material like DNA. A point of especial interest is whether a 

native double helical RNA such as wound t:umor virus RNA will undergo the 
transition from a ll-fold to a 12-fold double helix under suitable ionic 

conditions. This information is neec!ed t:o understand how helical regions 

of RNA probably interact with each other at various stages in information 

transfer leading to protein synthesi:'. 

Further characterization studies will be made on synthetic polyribo- 

nucleic acids poly rA:rU, poly rI:rC, and poly rC:rG, and the co-polymers 

of PO lyribonuc leot ides and PO lydeoxynuc leo t ides as the latter become 

available, The studies on the polyr! bonucleotldes will be directed 
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primarily toward their biological activity in -- in vitro and -- in vivo systems 

as inducers of interferon and thereby as possible inhibitors of virus growth. 

Interest on the interaction of polydenxy- and polyribonucleotides relates 
to their coni-orrnation as a possible way of understanding how information is 
transferred trom DNA to RNA. 

Present schernatic, hypothetical concepts of ribosome structure show 

the "surface" largely composed of double-stranded RNA with single-stranded 

"hairpin turn" regions projecting outward!;. (See Colter, McPhie and 

Gratzer, Nature 216, 884, 1967). Data here with pancreatic ribonuclease 

do not support this concept of outward projection of single-stranded looped 

regions. To ascertain whether the ribosome surface is largely double-stranded 

RNA, ribonuclease 111 enzyme (see Robertson, Webster and Zinder, J. Biol. 

Chern. - 243, 82, 1968) which specifically degraded double-stranded,N regions 

will be purified and used to determine the susceptibility of the RNA -- in situ. 

Labeling studies of the ribosome with 1-125 will be continued. If only 

surface RNA (and only single-stranded RNA) is labeled by reaction with 1-125 
then the position of label in RNA molecules can be determined by using 

purified exonucleases. In this way the exposed portion or surface of 

single-stranded RNA can be located along RNA chains. 

- 

The position in the chromosome of genes responsible for the synthesis 

of transfer RNA and ribosomal RNA will be determined by labeling these RNA's. 

with 1-125 and incubating the labeled RNA. with fixed cell smears under 

conditions where the RNA will hybridize with the complementary sequence of 

the nucleic acid of the gene which served as template for their synthesis. 

The location of these genes can then be visualized by autoradiography. 
J 

i 
The effect of extensive iodination on the physical properties of DNA, 

for example the sedimentation coefficient:, density, melting temperatures 

and x-ray diffraction patterns will be measured. The effect'of iodination 

on two biological properties of DNA, its ability to transform cells and its 

ability to seive as a template for the synthesis of RNA will also be deter- 

mined. 

Furthei: studies will be made on the effect of the polynucleotide 

complexes on FMDV in goats. These studi(2s will include the effects of 

multiple raither than single doses of the complex, a comparison of routes 

of administration, e.g. intranasal, L.v., etc. The long-term immunological 

effects of protection against FMDV with polynucleotide complexes will be 

studied in qice and where appropriate also in goats. The effects of 

various molecules on the complexes will be tried in an effort to prolong 

the duration of their effectiveness in vivo in mice. .- -- 

In collaboration with Dr. Jorge Chiraboga and Dr. Martinez Silva of 

the Puerto Rico Nuclear Center, San Juan, the effect of polynucleotide 

complexes will be studied on Trypanosoma cruzi, Schistosoma mansoni 
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infections 111 mice, and on other protizoal infections as model systems 

become available in vivo and -- in vitro _- 

Further studies will be carried .)ut on herpes simplex virus in mice 
on the effects of graded doses of poljnucleotides with especial interest in 

the effects <if lower and less frequest doses. Similar studies will be 

carried out on P.rboviruses in mice, e.g. West-Nile and on Marek's agent 

(a herpes-like tumor-causing virus in chickens) in chicks; efforts here to 

.:row herpes virus in chickens have failed. The effects of polynucleotide 

complexes will also be studied on Rous and herpes simplex virus in baby rats. 

The necessary toxicity studies in mice, rats, dogs and monkeys will be 

completed on the 40 gm batch of poly r1:rC along with characterization of 

the physical and biochemical criteria of the material. Clinica1,ktrials on 
these complexes will then be carried out at the Memorial Sloan-Kettering 

Center in New York and, if possible, at Wrookhaven. 

18. Expected Results in FY 1972: 

The aim is to establish the various nucleic acid structures with 

the greatest possible accuracy, Since new information, e.g. models for the 

structure of transfer RNA, isolation of single segments of DNA (genes?), the 

production of synthetic polynucleotides, is continuously forthcoming, this 

continues as a rapidly developing and expanding area. Such structures 

and their interactions should not only give clues on protein synthesis but 

also on intracellular regulatory mecnanisms in growth and differentiation 

and possibly even on memory storage in the brain. The interaction of new - 
classes of chemicals with nucleic acids will be studied as they and personnel 

become available to see how they mignt act in biological systems. 2 

If syn1hetic double-stranded RKA's continue to be effective inducers 

of interferon in such quantities as to have therapeutic benefit -- in vivo 

they will rr,erit testing against a wide variety of viral diseases in animal.~ 

and aan. While it is clear that in the first instance such tests might be 

confined tc, established viral diseases, in the event that the synthetic 

polynucleotides prove to have no harmful side effects they would warrant 

trial in diseases in man where virus eti.ology is suspected though not 

proven. This-might offer possibilities in the treatment of several malig- 

nanr diseases. Additional effort is needed to develop nucleoside analogs 

for polynucleotide synthesis; such polynucleotides may be more potent, 

19. Descrlption and Explanation of=)r Materials, Equipment and Subcon- 

tract Items: -- 

Major operating expense for purchase of polynucleotides is estimated at 

$75,000 €or FY 1971 and $100,000 for FY 1972. Capital expenditure in FY 1972 

is planned for an optical rctary dis~ersion apparatus modified for circular 

dichroism ($50,000). 
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ExDosure to External anu Internal Radiation - Hedrcai iiesearcn 

Medical Studies of the People of the Marshall Islands 

Accidentally Exposed to Fallout. Antigenic Studies of 
Project T'.tle: Lyvphocyte Culture --- 
13. Publicat ions : 

,/jj 2 ; 
Conard, 3. A. and Demoise, C. F. Preparation and purification of 

tritiated phytohemagglutinin and studies of cellular localization in human 

leukocyte cultures. Blood - 35, 44-55 (1970). 

Conard, 3. A. Quantitative study of radiation effects in phyto- /Jd u: 

hemagglutinin sti-nulated cultures. Intern. J. Radiation Biol. - 16, No. 2, 

157-65 (1969). 

Sutow, Fi. W. and Conard, R. A The effects of fallout radiation on 
/3 'J* 

Marshallese children Radiation BLO~O~Y of the Fetal and Juvenile Mammal, 

(Proc. of the 9th Annual Hanford Biology Symposium, Richland, Washington, 

April 1965), M. R. Sikov and Dennis Mahlem, Editors, pp. 661-73, U.S.A.E.C. 

symposium Series, No. 17, Oak Ridge, Tennessee, 1969. 
\ 

Conard, R. A., Sutow, W. W., Colcock, B. P., Dobyns, B. and Paglia, /:J: 

D. E. Thyroid nodules as a late effect of exposure to fallout. Radiation- 

Induced Cancer, (Proc. of IAEX Symposium, Athens, Greece, April 1969), 

pp. 325-36, IAU, Austria, 1969. 

14. Scope: 

The primary objective in this activity is the determination of the life- 

tise effects of fallout radiation on the people of the Marshall Islands who . 

were accident:ally exposed to radioactive fallout in 1954. The 15th-year 

post-exposure medical survey, completed in March 1969, was carried out 

jointly by Brookhaven National Laboratory, under the auspices of the Atomic 

Energy Commission, and the Trust Territory of the Pacific Islands; collabora- 

tors from many institutions participate in the continuing studies. In 

addition to the exposed group, over ZOO unexposed Marshallese are examined 

and serve as a "comparison population" in the assessment of possible late 

effects of acute fallout radiation. The observation of such 'late effects 

as lesions and growth impairment in exposed children fully indicate the need 

for examinations in the field to be as complete as possible along with 

additional laboratory studies in the 1.1. S. Thyroid patients returned to 

the United States for surgical exploration receive complete hospital and 

laboratory studies. In addition to routine physical, hematological and 

other laborar-ory examinations, special anlzillary studies related to aging, 

malignancy, reproduction, and body burdens of radionuclides are carried on. 

Reports of findings are published both in the open literature and as BNL 

reports. 

< 
1 

A secon,dary objective in this activity is the elucidation of intra- 

cellular changes in cells responding to proliferative stimuli. Altera- 

tions are studied in two types of proliferating cell systems: a) human 

lymphocytes in culture stimulated with radioactively labeled phytohemag- 
glutinin (PHA), a bean extract with potent mLtogenic properties for lympho- 

cytes; and b) in rat regenerating liver cells induced by partial hepa- 

tec tomy. 
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14. Scope: (1:ont'd 1 

The intracellular changes (transf.)raation) occurring in such cells is 

poorly understood. In lymphocytes, su.:h changes are part of the immunologi- 

cal (antigen-.ant ibody) response and of great impcrtance in understanding 

the mechanisms involved in regeneratin4 organs and tissues. 

With acbrevement of the chemical .>urification, characterization and the 

deiermination of :noiecular struccure ot the mitogenic component of a radio- 

actively tagged PHA with high s?ecific activity, it is hoped that the anti- 

genic nature of the mitoge.iic moiety 'my be explained on the basis of strbc- 

tural conformational characteristics and the precise intracellular localiza- 

tion determined. Localization and mec7anism of action are studied by (a) 

autoradiography of transformed lymphocjtes tagged with tritiated PHA; (b) 

differential centrifugation to obtain subcellular fractions from 4isrupted 

cells; (c) biochemical s:udy of organelles and PHA protein-complekes; and 

(d) electron nicroscopy. In addition, PHA-stimulated lymphocytes are 

studied for in vitro radiation effect, response of leukemic cells and lympb,o- 

cytes in other diseases and in senescence. 
-- ____ 

Parallel studies are conducted ion the correlation of modification of 

nuclear histones with intracellular PIN action and cytoplasmic organelle 

functions and effect of aging on DNA template activity for RNA synthesis by 

structural modification of histones. 

15. Relationship to Other Projects: 

The studies of the exposed Marshallese are closely related to those of 

the Atomic Bomb Casualty Commission ir Japan on the people of Hiroshima and ; 
Nagasaki and also on the studies of the 23 Japanese fishermen who were in- 

volved in the same accident as the Marshailese. Close liaison is maintained 

with Dr. George Darling and other collaborators at the ABCC and with Dr. T. 
Kumatori, who is in charge of the annL.al studies of the Japanese fishermen. 

Related antigenic studies at BNL, include those of Hamilton on delayed 

hypersensitivity and structural chang~s in lymphocytes in rats; Stoner on 

antigen-antibody complexes in stimulat. ion of gerninal centers of mice; and 

Cronkite on 1.ymphopoiesis in human beings and animals treated with extra- 

corporeal irradiation of the blood. 

Elsewhere, related studies are carried on by Hirschhorn at NYU, Chessen . 

at NIH, and Inman and Gowan at Oxford Studies here are unique since a 

radioactively labeled PHA is used as 'i tool to study the antigenic and 

mitogenic alterations of lymphocytes, 

is studied by Takahashi at the University of Minnesota and Rigas at the 

University of Oregon Medical School. Although techniques developed by 

others are utilized, a rapid accurate xtliod of assaying for mitogenic 

activity of various fractions by electronic sizing of cell nuclei is used 

here so that the purification procedures are greatly facilitated. 

Purification of phytohemagglutinin 
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16. Technical Progress in FY 1970: 

06-O2-O1- (a) 

As a result of the 15th medical survey, five Marshallese were. 

returned to the United States for study and surgery. Three of the five were 

found to have malignant thyroid lesions. Two of these, along with a 

malignant thyroid lesion previously reported, were in the more heavily ex- 
posed Rongelap group and strongly implicate a radiation etiology of thyroid 

malignancy. The third malignant thyroid lesion was in a Utirik woman. 

Because of the low dose of radiation received by this latter group, a 

radiation etiology seems unlikely for this individual. Twenty-one cases 

of thyroid ncdulari ty have been detected I:O date in the Kongzlap population; 

fifteen were found in children exposed at less than ten years of age. 

Two additional boys in this age group developed atrophy of the thyroid 

glands with hypothyroidism. Surgical exploration of eighteen cases of 

nodularity have been carried out in the United States and except for the 

three malignancies in the heavier exposed group the lesions prove’d to be 

benign adenomatous nodules. During the 1’369 survey, slit lamp enumeration 

of lens defe(2ts was carried out on a number of the Marshallese examined. 

Analyses of these data for radiation effects are in progress. 

As part of work under an NIH training grant in Gerontology, certain 

aging studies were completed. Transformation and division of lymphocytes 

in peripheral blood cultures resultrng from phytohemagglutinin stimulation 

showed a significant reduction in response with increasing age. However, 

the irradiated Marshallese showed about the same response as that of the 

unirradiated group. Serum protein studies showed a significant increase 

in gamma globulin levels with increasipg age. In this case the exposed 

population lagged behind the unexposed population suggesting a radiation 

effect. Immunodiffusion studies carried out by Dr. Fahey at NIH showed 

increased IgG levels with increasing age. Studies are still in progress t 

a on chromosome preparations from peripheral blood leukocytes of both ex- 

posed and unexposed Marshallese to see if age dependent chromosomal 

aberrations z~uld be detected. 

The impending return of the Bikini people to their home island 

which has a slight residual radioactivity necessitates instigation of 

a continuing program of monitoring of the internal body burdens of these 

people. BNL has been charged with this additional responsibility. 

During the past survey a visit was made to Kili island where the Bikini 

people now reside and a number of urine samples were taken for radiochemical 

analysis. These base line analyses showed very low levels of radionuclides. 

The first phase of the study on purification and localization of 

tritiated phytohemagglutinin was completed. The results reported last 

year were extended with further purification of the mitogenic moiety from 

the radioactive bean extract. This labeled PHA was found to be largely 

localized in the cytoplasm. Subcellular fractionation studies showed 

that the mitochondrial fraction had the greatest activity. Specific 

radioactivity has been insufficient however to detect localization in 
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cell organelles by electron microscoplc autoradiography. Thus, the main 

effort now is reexamination of techniques for tritiation of the purified 

plant mitogen in order to develop one that will produce higher specific 

rad i o ac t iv i t 1; . 

Studies of the radiosensitivity of PU stimulated lymphocytes to 

graded doses of x radiation showed that radiation effects were much less 

pronounced on the ability of lymphocytes to transform than on the reproduc- 

tive zapacit.y of these cells. 

The lymphocytes of patients with chronic lymphocytic leukemia were 

studied for response to PHA in regard to DNA and RNA synthesis using flash 

labeling with tritiated nucleotides before and after extracorporeal irradia- 

tion. The PHA stimulation of lymphocytes in these cases is a1so;wnder study 

for the presence of virus-like bodies by electron microscopy. Preliminary 

results indicate what appear to be virus-like bodies in cytoplasmic vacuoles 

in the PHA treated leukemic cells and in normal cells which have been in- 

oculated with subcellular fractions of the leukemic cells. 

A few studies of subcellular transfer of a "mitogenic factor" from 

disrupted transformed lymphocytes which had been flash labeled with 

tritiated thymidine inoculated into allog,enic non-PHA treated cultures of 

lymphocytes were done. Preliminary indications are that there may be 

some transfer of such material since the new blast forms that appeared in 
the recipient cultures were labeled. 

- 
17. Expected Results in FY 1971: 

I 

In view of the continued increase in incidence of thyroid lesions in a 

the exposed Marshallese and the seriousness of the malignant thyroid lesions, 

thyroid examinations on a large number of unexposed Marshallese people are 
required in order to give a broader comparative base for spontaneous in- 

cidence of thyroid lesions in non-exposed Marshallese on islands not yet 

studied. This is required to evaluate the possible significance of appear- 

ance of thyroid lesions in the low exposure group such as on Utirik. 

Further base line radiochemical urine, analyses for some of the Bikini 

people are planned. 

With improved physical-chemical techniques it is hoped that a highly 

purified mitogenic factor can be isotated from the bean extract and 
conformational studies ascertained. New techniques also should increase 

the specific radioactivity of the mitogenic factor. Thus, it is hoped to 

achieve a more precise localization of tlne mitogen within the cells and 

successful electron microscopic visuaiization of labeled organelles. 

Nuclear histones in aging rats will be studied. Studies of the altered 

response of lymphocytes to PHA stimulation in cases of chronic lymphocytic 

leukemia will be continued in hopes that more refined electron microscopic 

identificati.on of the virus-like bodies in PHA stimulated lymphocytes in 
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17. Expected Results in E'Y 1971: (Cont'd.) 

this disease will be accomplished and subcellular transfer to normal lympho- 

cyte tultures verified. 

18. Expected Results in FY 1972: 

Surveys of the Marshallese will be continued in accordance with find- 

ings during previous surveys. 

In the 1 ymphocyte culture st :dies, the interorganelle relationships 

of the cell in response to antige-is and antibody production will be invssti- 

gated. It i:; believed that the use of PM will afford a valuable tool in 

the further study of various disease states and immunological capacity of 

individuals. 
\ 

19. Description and Explanation of Major Materials, Equipment and Sub- 

contract Items: 

None 

20. - Proposed Obligations for Related Construction Projects, if any: 

Bio-Med conjunct fac il i ty, 
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Contract No.: Task No. : 1. Contractor: - 
Associated IJniversities, Inc. AT- 30- 2-GEN- 16 

189 No.: 2. Project 'Tit&: 

Exposure to External and Internal Radiation - Medical Research 

-- In-Vivo Xeasurement of Radionuclides in Man; Body Burden and 

Kinetic Factors. Computer ApplicatlJqs 

- 
3. Budget Activity No.: ii. - Date Prepared: 

06-02-01- (b) May 1970 

.- 

5. Method of Reporting: 

BNL Annual Report 

BNL Monthly Letter to AEC 

Bulletin of the Medical Department 

6, Working Location: 

Brookhaven National Laboratory 

8. Projcct 'Term: 7. Person in Charge: 

J. S. Rob2rtson Con t inu ing 
S. H. Cohn 

H. L. Atkins 

Principal Investigator: From: To : 

J. S. Rober'rson H. L. Atkins f 

S. H. Cohn E. P. Cronkite i 

9. Elan-Years: 

D ire c t Man- Ye ar s 

Scientific & Prof e s s i ona 1 

Other 

Guests & Res. Collaborators 

Total 

FY 1970 FY 1971 FY 1972 

11.8 15 .O 16.8 

19.8 22.5 26.3 

7 .O 6.5 7.5 

1 .o 1 .o 2 .o 

10. Costs (In Thousands of Dollars): 

FY 1970 FY 1971 FY 1972 

Research Division 

Hospital Division 

Research Costs 

409 40 1 ,4 5 7 

539 615 
10 1 138 158 

5 10 
- 

- 11. Reactor Concept: 12. Materials: 
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Exposure to External and Internal Radiation - Medical Research 

In-Vivo Measurement of Radionuclides in Man; Body Burden and 
-I_ 

Project Ti.tle: Kinetic Factors. Computer Applications 06-02-01-(b) 

1 3. Pub 1 ic a 1: ions : 

Hauser, W., Atkins, H. L., Nelson, K. C. and Richards, P. Technetium- 

99m-DTPA: a new radiopharmaceutical for brain and kidney scanning. 
;L *- -, 

Radiology (in press). 

fixuser, W., Atkins, H. L. and Richards, P. Lymph node scanning with 

99m-Tc-sulfur colloid, Radiology - 92, No. 6, 1369-71 (1969). /$g/ 

Cohn, S. H., Dombrowski, C. S., Pate, H. R. and Robertson, J. S. A 

whole-body iourter with an invariant response to radionucl'de distribution 

and body size. Physics in Medicine and Biology - 14, No. 4, 645-50 (1969). /292- 

Cohn, S. H., Dombrowski, C. S. and Fairchild, R. In-vivo neutron 

activation analysis of calcium in man 

(in press). \ 

Intern. J. Applied Radioisotopes /zL: 

Cohn, S. H. and Dombrowski, C. S. Absolute measurement of whole-body ,=C-, 
/d" - 

potassium by gamma-ray spectrometry. J. Nucl. Med. (in press). 

Atkins, H. L., Hauser, W. and Richards, P. Factors affecting distri- ,:, -< 

bution of technetium-sulfur colloid, J. Reticuloendothelial SOC. (in press). 

Hauser, W,, Atkins, H. L. and Richards, P. Five years of experience 
/g: I 

with 99m-Tc-sulfar colloid. N. Y. State J. Med. (in press). 

/- 

Scherrer, J. R. and Cohn, S. H. Formulation of a stochastic model /',i 

of long-term strontium retention data using the likelihood furiction. 

Biometrics (in press). 

(, 

Krohn, D. L., Brandt, R., Straub, R. F. and Robertson, J. S. Intra- /&'''/ 

ocular heavy particle radiation of experimental malignant melanoma in 

rabbits. Am. J. Opthalmol. (in press). 

14. Scope: 

The studies reported in this budget activity are aimed at several 

broad objectives: the determination of t:he physiology of biologically 

active compounds and metabolites in order to gain information on the meta- 

bolism and toxicity of radioactive elements; the development and application 

of tracer theories to physiological studies; the development of methods for 

determining location and kinetics of isot:opes and for the utilization of 
isotopes in diagnosis and therapy; and the development of necessary data 

processing and computer programming techniques for these studies and the 

other activities within the Medical Research Program. 

A long-range objective is the elucidation of the kinetics of skeletal 

metabolism, as related to various states of disease and health. Four aspects 

of this program are studies on kinet:cs of calcium metabolism, whole-body 
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In-Vivo Yeasuremen: aC dadi3nuclides in Man; Body Burden and -- 
Project Tf.tle: Kinetic Factors. Computer Appllcations 06-02-01- (b) 

14. Scope: (Cont'd.) 

counting, in vivo neutron activation analysis, and mathematical modeling. -- 

Calcium (ca) and strontium (Sr) qetabolism are described using mathe- 

matical models which provide a reference for objective, reproducible measure- 

ments of slJbtle changes in the metabolic parameters of these elements under 

various conditions. The data on which the models are based were obtained 

from kinetic studies employing the tracers Ca-47, Sr-85, and F-18; from 

whole-.Jody coiints; and from measuremnents cf whole-body calcium by -- in vivo 

neutron activation. The parameters of metabolism measured are the rate of 

Ca resorption and accretion, and the size of the postulated exchangeable 

and nonexchangeable Ca 'lpoolsll. Disorders, of metabolism associated with 

immobility, weightlessness, hormonal imbalance and osteoporosis, conditions 

which are characterized by a loss of (:a from the skeleton, are studied. 

The study of osteoporosis provides data not only on the state of,Ca meta- 

bolism associated with this condition, but: also furnishes inferences on the 

homeostatic control of Ca deposition and resorption in bone. Therapeutic 

efforts to counteract the osteoporotic condition have consisted of Ca 

supplementatron and administration of sodium fluoride. 

The paramount need for the in vivo measurement of absolute levels of -- 
internally-deposited radionuclides occurs in the diagnosis of cases of 

accidental intake of radionuclides. It i:; also essential in numerous 

clinical studies (such as neutron activation analysis). Effort is directed 

toward minimizing the varfations in counting efficiency introduced by 

changes Fn the spatial distribution of internally-deposited radionuclides, ' 

and by changes in the energy absorpti.on as a function of body weight: and 

habitus. The BNL whole-body counter is a multidetector system with two 

banks of counter-balancing detectors tiesigned to minimize the above mentioned 

problems. In addition, the counter i:; linked to a computer programmed to 3 

introduce additional corrections for :hese factors. Hence, the BNL counter 

is the first and, to date, the only whole-body counting system which can 

provide directly an absolute, -- in vivo masuremerit of a radionuclide intern- 

ally deposited in a human being. 

Clinical studies in collaboration with BNL staff and others which 

previously were not amenable to investigation because of the necessity of 
absolute measurements or spatial localization of the radionuclide include 

the following: measurement of absolute levels of whole-body potassium 

and determination of its spa,tinl distribution in the body; pharmacokinetics 

of halothane-Br-82 in man; measurement of lean-body mass in grossly obese 

children, based on the measurenent of K-40; alterations in Mn-56 distribu- 

tion resulting from the treatment with L-Dopa of patients with Parkinson's 

disease; short-term distribution and turnover of Tc-99m-DTPA chelate in 

man; measurement of levels of Cs-137, K-4-0 in 450 BNL staff members (varia- 

tions with time and as a function of sex have been investigated); measure- 

ment of internal contamination in individuals involved in accidental expo- 

sures; calibration procedures for abso1ut.e measurewnts, and computer 

programs associated with such measurement.~; and the standardization of 

tests for the absorption of iron and vitamin BIZ. 
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14. Scope: (Cont 'd . ) 

In calcilim kinetic studies it is extremely useful to determine the 

absolute va1c.e of the Ca concentratior. in the body (in contrast to deter- 

mining the relative change), 

neutron activation has now been sufficiently well developed so that it 

can be employed in study of osteoporosis. 

A technique of measuring Ca by -- in vivo 

Evaluation of the radiation hazard from Sr-90 requires information 

on the biological turnover rate of Sr in man. Since the biological behavior 

of Sr has been shown to be closely relatea to that of Ca, its role can 

readily be considered in terms of ccinparat.ive kinetics, Improvement in the 

mathematical models to describe primarily the long-term retention of Sr in 
man is a main objective. (Cohn) 

In the continuing work on the development of radiopharmaceuticals and 

their application in clinical studies, present effort centers on'labeling 

of various cornpounds with Tc-99m with special emphasis on colloidal materials 

for marrow and lymph node examination Positron imaging with C-11, F-18, 

and Fe-52 compounds is of interest anti coilaborative work with the BNL 

Chemistry Department is carried on, particularly organic syntheses. Recoil- 

labeling and rapid separation of organic compounds also is under investiga- 

tion. Absorpcion edge spectroscopy uti1i:zing monochromatic x-ray beams 

in a scanning apparatus is developed. With this method it is possible to 

delineate the distribution of an element within the body with rather high 
resolution. (Atkins) 

To a large extent the mathematical and biophysical applications 

considered in this budget activity art! ancillary to projects whose main 

features are described in other activities, or are supportive of general I 

features of the Medical Research Program. These include equipping, main- a 

taining and operating such service facilities as the whole-body counter and 

the central counting rooms, the instr'Jmentation development laboratory, 

data processing assistance, and computer programming. Several independ- 
ent projects are directed to the development of equipment for radiation 

detection and of computer programs for specific problems in radiation 
dosimetry and the analysis of tracer data. (Robertson) 

Studies previously reported in bildget activity 06-03-01-c (on 

vitamin B12, 
be reported in'this activity as of FY 1971. (Cronkite) 

15. Relationship to Other Projects: 

iron absorption, and exocrine pancreatic insufficiency) will 

Related kinetic studies of Ca metabolism have been performed by 

Bauer (Hospital for Special Surgery) and Bronner (University of Louisville) ; 
mathematical models similar to those developed here have been used by Pak 

(NIH). Investigators who have devoted considerable effort to minimizing 

the variations in counting efficienc:, in whole-body counting include: 
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15. Relationship to Other Projects: (Cont'd.) 

Dudley (Ilia), Xarinella (ANL), Naversten (Lund), and Genna (MIT). The 
BNL counter is the only system, however, which can correct simultaneously 

fcr bJth the spatial distribution and energy absorption of radionuclides 

by the body. 

Represer,tative of groups working on related clinical studies include 

those of: Pa.k (NIH), use of thyrocalcitonin in treatment of hypercalcemia 

of parathyroi-d carcinoma; Spencer (Hir:es Veterans Administration Hospital), 

effect of Na fluoride on Ca merabolisn ; Maietskos (Harvard), reliability a::d 

intercomparison of techniques in the rieasurement of Cs-137 in human beings; 

also, Anderson (USL) , Remenchik (ANL:l, Forbes (Rochester), and Burkinshaw 

(Leeds) have all neasured whole-body t: with high precision, but not: accuracy. 

Two other groups are presently 11:volved in whole-body Ca measurement 

by neutron activation: Chamberlain (3irmingham), and Nelp-Palmei (Univer- 

sity of Washington). Studies here hai.le gone further by achieving not only 

a precision, but also a high accuracy in r3a measurement. 

Mathematical models describing 1Jng-term turnover of Sr in inan have 

been proposed by Marshall (ANL) and Rundo (Harwell). The present computer 

code employing a Causal Path Analysis and the Likelihood Function is a 

new approach; it is somewhat related to the "Random-Walk'' hypothesis of 
Wise (King's College, London). (Cohn) 

Investigations involving radiopharmaceuticals and cyclotron-produced * 
nuclides are being carried out at many institutions. (Atkins) 

Leaders in the field of development of instrumentation for locating 

brain tumors through the use of i.adioactively-labeled substances include: i 

Anger (University of California, Berkeley); Bender (Vanderbilt Uciversity); 

Kuhl (University of Pennsylvania); and Brownell (MIT and Massachcsetts 

General Hospital). 

ed practical value. The multidetector positron system in development 

here differs from these in several basic ways, notably the provision of 

multiple pairing of small detectors vhicir provides a higher quantum 

utilization than the other methods and o!Efers a more efficient method for 

dynamic studies of cerebral blood flow a:j well as tumor localization. 

Each has developed a different system which has establish- 

Prince at' BNL; Oliver at M. D. Anderson Hospital; and Stoddard at 

Savannah River are concerned with the dosimetry of californium-252 applica- 

tors. 

rates at selected lattice points in cissue was independently-developed 

here, tailored to the characteristlcs of the sources being used locally 

and in agreement both with theoreticllly-derived dose rates and with 

measured vaiues. 

A computer program for comput:ng the total neutron and gamma dose 

Berman and Werss at XIH originated the basic program in use for 

analysis of tracer data. The extent to which the applications here are 
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The Effects of Hormones, Drugs, and Nutritional Chinges on the 

Project Title: Intermediary Metabolism of Carhohydrates and Lipids 06-03-01-(f) 

16. Technical Progress in FY 1970: 

As previously described, in collaboration with Dr. Brodoff, L-alanine-U- 

C-14 was given intraperitoneally to fasting Egyptian "sand rats" with varying 

degrees of carbohydrate intolerance which can be ameliorated by electrolytic 

lesions of the arcuate nucleus of the hypothalamus and by the anti-adrenergic 

drug, tetrabenizine. Conversion of alanine-C-14. to blood glucose was measur- 

ed as an index of gluconeogenesis. The range of conversion was from 2 to 

10% among all rats and there were no significant. differences between non- 

treated rats and those with lesions of the arcuate nucleus or treated with 

tetrabenizine, which suggests that the mechanisri of improvement of glucose 

tolerance is not by decrease of gluconeogenesis Further studies directed 

toward elucidation of effects on glycogenesis and glycogenolysis were dbne 

with glucose-6-C-li+ and are currently being assayed. 

For the study of effects of hydrocortisone on gluconeogenesis from 

malate-C-14, H-3 in perfused rat liver, some final samples of blood glucose 
wer2 analyzed to test in vivo vs. -- in vitro effects of hydrocortisone. 

cortisone has caused increased gluconeogenesis from malate both -- in vivo 

and in vitro while longer action -- in vivo promotizs glycogenesis. 

script was preparcd on studies carried out in Sweden on conversion of 

pyruvate-2-(2-14 to breath 14C02 and blood glucose in acromegalic patients. 

Patients with decreased glucose tolerance displayed also a reduction in 
rate of oxidation of pyruvate-2-C-14 without change in gluconeogenesis 

from pyruvate. 

Hydro- -- 

A manu- -- 

7. 
c 

In the scudy of conversion of glucose-1-C-14 to I4CO2 during 

gluccse tolerance test, the oxidation of the labeled glucose during 

standard vs. cortisone glucose tolerance tests were compared in seven 

obese or obese, diabetic patients. While the plasma glucose concentration 

(1 to 2 hours after oral load) was increased about 10% on the average by 

cortisone, the conversion of glucose-1-C-14 to 14C02 was increased by 20% 

at 1 hour and 10% at 2 hours. This suggests that the short-term hyper- 

glycemic effect of cortisone -- in vivo in man is predominantly due to an 

increase of gluconeogenesis rather than a decrease of utilization of blood 

glucose. 

glucose-2-H-3 to others. 
water was also increased by cortisone, but the results were more variable 

than with C-14. 
than glucose-1-H-3 and possibly by a two-phase process during the first 

3 hours. 

Glucose-1-H-3 was also given to some of these patients and 

Usually the rate of c:onversion of H-3 to body 

Glucose-2-H-3 was converted to 3HOH distinctly faster 

Since increase of plasma fucose has been reported to be excessive 

in latent diabetes, Some plasma samples taken :from patients during glucose 

tolerance test wirh glucose-1-C-14 were analyzed by gas chromatography 

of volatile carbohydrate derivatives to measure fucose and isolate it for 
radioactivity analysis. 

ance test was found. 

' 

No increase of fucose during the glucose toler- 
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Cancer and Other Clinical Research - Medical Research 

The Effects of Hormones, Drugs, and Nutritional Changes on the 

Project Title: Intermediary Mgt2bolism of Carbohydrates and Lipids 06-03-01-(f) 

16. Technical Progress in FY 1970: (Cont’c ,) 

In the study of metabolism of glycerol-C-14, H-3 in obese, diabetic 

patients, comparison was made of the incorporation of tracer into plasma 

glycerides of these patients (6 females) vs. a group of 4 normal females, 

There are no significant differences between the groups for percent dose 

in total plasma triglycerides (TG) or di-+ mono-glycerides (DMG). For 

each group there is slightly more activity in the DMG than the TG. For the 

total glycerides the mean percent dose incorporation is less than 0.2%. 

Glycerol-C-14 and glycerol-H-3 show the same results, so there is no meta- 

bolic loss of H-3 before glyceride formation. 
\ 

For the study of lipogenesis from different C-14-labeled saccharides 

(fructose, glucose, and sucrose) in normal rats, more accurate and detailed 

arialyses have shown that the labeling of severail types of lipids (glycerol 

and fatty acid moieties of triglycerides and di- + mono-glycerides, free 

fatty acids) of 1i.ver or plasma is 3 to 10 times higher from sucrose-C-14 

than from glucose-.C-14, with fructose-C-14 generally intermediate. This 

emphasizes a synergistic effect between glucose: and fructose (the two 

moieties of sucrose) or else reflects more rapid absorption of the di- 

saccharide (concomitant with hydrolysis by mucosal sucrase) than of either 

monosaccharide. E’resently some lipid samples from rats given a mixture 

of labeled glucose and fructose (with an oral mixed load) are being analyzed 

to test the latter hypothesis. 

Studies with C-14-labeled sucrose in patients have not yet been < 
a 

started, but non-isotopic sucrose tolerance tests in obese patients with 

analyses of the plasma curves of glucose and immunoreactive insulin (IRI) 

were done. Some patients seem to have higher insulin curves together with 

lower glucose curves than during glucose toleraince tests. This suggests 

special effecrs of sucrose and may help explain the high lipogenic po- 

tential of sucrose. 

Studies initiated In patients using another labeled carbohydrate, 

galactose-1-C-14, which for theoretical reasons (particular inhibition 

of its oxidation by high reducing potential in the liver) could show 

differences in rate of formation of I4CO2 between normal subjects vs. 

obese or diabetic patients greater than with labeled glucose. Study of 

one non-obese and three obese female patients so far are promising in this 
regard. 

In the study of production and release of insulin by isolated rat 

pancreatic islets perfused by continuous flow of medium with serial 

analysis of IRI, the parameters of response to graded increase of glucose 

concentration and different initial and constant glucose concentrations 

were measured. M~iltiple major phases of release with fine peaks within 

the major cyclic release were revealed. Thresholds of response and satu- 

rating concentrations of glucose were defir:ed and an initial paper has 

been submitted for publication. 
- 
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The E;ffects of Hormones, Drugs, and Nutritional Changes on the 

Project Title: Intermediary Metabolism of Carbohvdrates and 1,ipids 06-03-01-(f) 

17. Expected Results in FY 1971: 

Analyses of (2-14 in glycogen from liver of Egyptian "sand rats" given 

glucose-6-C-14 will be completed to test whether the anti-adrenergic drug, 

tetrabenizine, improves glucose tolerance in this species by an effect on 

glycogen metabolism. If adequate personnel is available, the question of 

gluconeogenesis from L-alanine-U-C-14 might be reexamined with administra- 

tion of the labeled compound during an oral g1uc:ose load. 

14 

co2 
The studies of oxidation of glucose-1-(1-14 and glucose-1-H-3 to 

and 3HOH in obese, diabetic patients will be continued without the prior 

atministration of cortisone before the glucose tolerance test. To the, 

same patient ( and a matching set of normal subJects) will be given 

galactose-1-C-14 in an oral galactose load to compare with oxidation of 

labeled glucose. 

, 

Studies of formation of liver and plasma lipids of normal rats from 

sucrose-U-C-14 compared with glucose-U-C-14 +- fructose-U-C-14 will be 

further pursued to delineate reasons for particular lipogenesis from sucrose. 

T!ie plasma insulin response of these rats to the different carbohydrate 

loads may also be studied. 

A beginning will be made on study of lipogenesis from sucrose in 

patients given sucrose-U-C-14 in an oral load, This may be compared with 

glucose-U-C-14 (or glycerol-2-C-14) in the same patient. Further, if 

additional personnel are available, there may be a study of the effect of 

different oral contraceptives on the metabolism of labeled carbohydrates 
to plasma lipids and rate of turnover of the latter. 

explain mechanisms of recently observed effects of estrogens in contra- 

ceptives to cause glucose intolerance, hyperlipemia, and hyperinsulinemia 

and could indicate possible synergistic effects of high sucrose diet and 

mixed contraceptives. 

or disc-gel electrophoresis, it is hoped to study the output of insulin 

and its variants (e.g., proinsulin) into plasma of these patients during 

carbohydrate load and into the medium of perfused rat pancreatic islets. 

18. Expected Results in FY 1972: 

This should help 

Using fractionatioq of insulin on sephadex gel and/ 

The studies will be consolidated and reported with studies in 

06-03-O1-(b) 

- -- 
19. Description and Explanation of Major Materials, Equipment and Sub- 

contract Items: 

See 06-03-01- (b) 

20. Proposed Obligations for Related Construct.ion Projects: 

See 06-03-01- (b) 

- 
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Exposure to External and Internal Radiar ion - Medical Research 

In-Vivo Neasurernent of Radil3nuclides in Man; Body Burden and -- 
Project ~itle: Kinetic Factors. Computer .\pplications 06-02-01- (b) 

15. Relationship to Other Projects: (cont'd.) 

unique depends on the current problems and the mathematical models used 

to analyze the data. 

Nims at 1;NL Biology Department; Ussing at the University of Copenhagen; 

Tosteson at Duke University; Chinard at the Johns Hopkins University; Polson 

at the University of Capetown and many others have been concerned with theore- 

tical and cxprLm?ntal aspects of membrane transport. The study here is 

directed to elucidating the relative roles of diffusion and hydrostatic 
pressure in csmotic flow across artificial membranes. (Robe r t s on) 

---- 
16. Technical Progress in FY !970: 

Osteoporosi: is the manifestation of an altered dynamic equilibrium 

of bone mass. As a result of the Ca kinetic studies, a unified view of 

osteoporosis is developing, centered around the concept of Ca hoheostasis. 

It appears that bone formation and resorption are homeostatically linked 

to maintain the Ca plasma level. The bone resorption rate appears to be 

highly sensitive to changing levels o! plasma Ca through the effect of the 

Ca level on para1:hyroid hormone and thyrocalcitonin (TCT). Fluoride is 

used in the ,:reatment of osteoporosis as its effect on bone is to render it 

more resistant to osteolytic forces. To date, studies on the effects of 

fluoride have been initiated in five ,iatiisnts with osteoporosis. 

Study of the therapeutic effects of commercially available TCT on 

osteoporotic patients, initially delaved because medical personnel were 

not available for participation in the clinical aspect of the program, was 

further delayed by an FDA decision halting new field trials of TCT. A 

study on the effects of TCT on calciumn kinetics in rats was completed, how-; 
ever, and results are being analyzed. a 

In callaboration with Bateman on the effects of chemotherapeutic 

agents on skeletal metabolism, comparative Ca-47, F-18 studies and neutron 

activation analysis were initiated on two patients with neoplastic disease. 

A procedure for the measurement of the absolute level of body 

potassium by gamma ray spectrometry was developed with an accuracy of 

5 3.65% in a population whose body weights ranged from 66 to 145 kg. 

Further, the spatial distribution of natural K-40 and injected K-42 was 

compared after' correction for attenuation of the gamma photons. This 

measurement is clinically useful, since t:here is a progressive loss of K 
in severe disease. The levels of K-IO were measured in 450 BNL employees 

and plotted as a function of age and sex. 

The pharmacokinetics of halothane-Br-82 and Br-82 gas were studied 

in five subjects. The novelty of the approach used resides in the prepara- 

tion of Br-82-labeled halothane in the Wedical Research Reactor (MRR) and 

its use in conjunction with the wholc.-botiy counter. The spatial distribu- 

tion of the rapidly-translocating gal, was measured in various segments 
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of the body following inhalation. A special respiratory system was used 

to administer and remove the expired ;as with the subject in the counter. 

With a comput.er system it was possible to record 110 whole-body c'ounts from 

one subject i.n the first 3 hours aftel- inhalation. A mathematical model con- 

sisting of tL1ree co~npartrnents was assL:rned. The data obtained from various 

combinations of detectors were fitted to t:he model. 

On the assumption that the K content of the body cell mass is constant, 

it is possib:;e to estimate the body cell mass by measurement of K-40 with 

the whole-body counter. In collaboration with Knittle, Mt. Sinai School 

of Medicine, measurement was made of :ean-body mass (K-40) in 35 grossly 

obese children and their siblings, There is evidence suggesting that Mnu 

may be implicated in the mechanism of action of L-Dopa in the treatment of 

Parkinsonism. 

distribution following Dopa therapy, Mn-56 was produced in the MRR and 

administered to two patients to ascerrain if a changed pattern of Mn* distri- 

bution and t3Jrnover after L-Dopa administration yielded clues on the mechanism 

of action of L-Dopa. In another intrndep'lrtmental collaboration (Atkins and 

Hauser), the distribution and turnover of Tc-99m-DTPA chelate administered 
i.v. was determined in nine patients. The average coefficient of variability 

of the 16 whole-body counts in each p.itient was L 1.2% when correction for 

excretion was made. 

A study was initiated i.0 measure the alteration iu'Mn* 

The level of Cs-137 also was measured in the 450 BNL employees 

reported above as measured for K-40 as part of their routine physical 

examinations. In addition, a selected population of 10 medical staff 

members has been monitored for Cs-177 monthly over a period of nine years. - 
These studies are valuable in that they reflect the Cs-137 in the environ- 1 

ment as a result of fallout. In collaboration with Distenfeld of the BNL 

Health Physics Division, the whole-body c~unting and computer analysis 

techniques were used to identify and to estimate the absolute levels of 

a number of internally-deposited radionuclides in seven BNL staff members 

accidentally exposed to a ~ranium target in January 1969. 

Considerable effort was put intc the improvement of the absolute 

calibration of the whole-body counter, and into the development of new 

techniques for automatic data handlirg and preliminary analysis of the 

whole-body counting data. Since January 1969, a total of 5,062 whole- 

body counts has been collected and stcrecl on magnetic tape. 

With the present technique of - ir>.-vivo -- neutron activation of whole- 

body Ca, it is possible to measure the calcium in human beings with an 

estimated accuracy of c 4%. The dose to the patient per analysis has 

been reduced to 0.63 rem (ME = 10) from 14-Mev neutrons. To date 13 

in-vivo measurements have been made on 7 patients (two with metastatic 

lesions and five with osteoporosis). Initial calibration studies have 

been carried out for the measurement of absolute levels of Na, C1, and 

-- 
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N with the use of the saxe neutron generat.or and exposure technique. 

Lack of funds and personnel has curtailed development of a facility 

for use of a 238 PuBe source of fast neutrons near the who1.e-body counter. 

The stochastic model formulated and applied to the long-term Sr-85 

data in rats was further developed and applied to the analysis of long-term 

(1 year) Sr-85 data previously obtained by the whole-body counting of 8 men. 
The retention data were analyzed first by means of a Causal Path Analysis, 

and then with the use of the Multiple- Process Law a stochastic model was 

constructed. The parameters of the reten'tion function and their statistical 

significance were estimated with a Maximum Likelihood Function by means of 

an iterative code (LIKELI) ,, (Cohn) 

\ 

Distribution studies in mice were used to further character'ize the 

technetium-sulfur colloid. Several factors including dose, preloading 

and use of gelatin were noted to increase marrow deposition at the expense 

of liver localization. Attempts at affecting distribution in humans by 

pretreatment with gelatin were not successful. Lymph node scanning with 

Tc-sulfur colloid was carried out on a number of patients and proved quite 

feasible. Attempts are being made to increase distribution to higher 

echelon nodes by utilization of gelatin, hyaluronidase and "cold" colloid. 

Intraperitoneal. administration has been utilized to demonstrate mediastinal 

nodes . 

A series of colloidal materials labeled with Tc-99m was studied in 

mice and rabbits and some appear to be useful for lymph node and marrow 

studies. i 

a 

C-11-labeled dopamine was synthesized but the specific activity was 

not high enough for practical use. F-18 labeling experiment's to produce 

labeled amino acids and improved bone-seeking formulations were initiated. 

Investigations of Tc-99m as TcOL- for thyroid studies continue with 

I-i31 correlation studies and evaluation in thyroiditis patients. 

Transrn~ssion scanning utilizing absorption edge spectroscopy has been 
demonstrated in a satisfactory manner with preliminary apparatus. A 

silicon diode 'detector was constructed and is being installed. 

Low specific activity C-11-dopamine has been synthesized that has 

little practical application. Synthetic procedures are being revised 

with the aim of obtaining high specific activity C-11-dopamine. So far 

attempts to synthesize C-ll-L-Dopa have failed. F-18 phenylalanine has 

been successfully prepared, Initial animal studies indicate it will be 

useful in clinical diagnosis because of Its concentration in organs diffi- 
cult to detect. (Atkins) 
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The requirements for californium-252 dose rate calculations developed 

more than hac1 been fully anticipated, and the programing effort for this 

project has been correspondingly greater. The result is a program which 

takes into account the effects of the source tube wall thickness and end 

plug thickness as well as the geometry and attenuation by absorption in 

intervening tissue. To a large degree these problems are similar to those 

which have been worked out in some detail for radium needles (Quimby, Johns, 

Greenfielc, efic.) , but the presence of neutrons in the californium-252 

emission requires somewhat fiifferent conslderations than are applicable to 

gamma dosimetry. In particzlar, the attenuation by the source holder, while 

very important for gammas, is negligible for neutrons and the reactions 

with tissue involve different mechanisms. Instead of the customary method 

of using Sievert integrals, it has been found more satisfactory to achieve 

the required integrations by direct application of Gauss' numerip1 in- 

tegration method to the expressions describing the gamma and neutron 

fluences as functions of angle relative to the source axis and distance 

from the :iour.:e. The output includes a tabulation of the dose rates at 

up to 21 x 21 lattice points in a given plane and for up to 21 planes and 

an analogous type of representation of the same information but using a 

series of 32 graded intensities of printed characters (adopted from the 

method of Mendelsohn and Prewitt) instead of numerical values to represent 

the dose rates. Over 30 proposed arrays involving up to 32 radiation 

sources each have been computed by this method for use in analyzing experi- 

mental results obtained in irradiating pig's skin and tissue cultures, 
and in the development of arrays for projected use in patients. (Atkins) ' 

The Sigma 2 computer system for time-shared operation of the whole- 

body counter and the Electron Paramagentic Resonance Spectrometer system < 

both experimental equipment interfaces to facilitate more efficient and 

sophisticated operations. programming for Sigma 2 applications continued 

to be principally concerned with these two problem areas. A second 

magnetic tape transport, more core Tnemory, an external interrupt feature 

and the Brooknet interface were delivered. Work was begun to prepare an 

improved system so that additional users can be accommodated. 

was developed to a fully operational state, Modifications were made to 3 

The program ANY, developed for computing kerma rates for neutrons 

produced by bombarding various targets with proton or deuteron beams at 

the Van de Graaff accelerator, was improved and expanded somewhat, but 

there were no major changes from the program described last year. A BNL 

report describing the program was published. 

The EPRSYN program for simulating EI'R curves has continued to be 

refined. However, the anticipated development of this as a basis for a 

data-fitting procedure has not been undertaken, partly because the success 

of the on-lrne procedures for data averagrng and curve resolution enhance- 

ment have made the curve-fitting requirement less urgent. 
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The equLFment previously used for analysis of CO2 and C-14 in the 

breath of patients has been inadequate for the intended applications. To 
remedy this, a new digital-recording system was built for digitizing the 

output of the exlsting analogue-type recorders. The output is recorded 

on punched paper tape which serves as the input for further processing 

by the computer. 

Analysis of the data obtained in the membrane transport experiments 

has largely been completed. 

on the diffusion rate as measured with tritiated water are being interpreted 

in terms of the driving forces present in the system. 

The effects of a range of silgar concentrations 

No progress was made in the proposed rebuilding of the positron 

scanner, or in the development of the previously-proposed optico,-\electronic 

scanning system due to lack of the required financial support in these 

areas. (Robertson) 

17. Expected Results in FY 1971: 

A new t.hyrocalcitonin preparation is in the process of being purified 

by Armour. If approved by the FDA for clinical trials, its therapeutic 

effects on osteoporotic patients will be studied, using the experimental 

techniques described above. One study is planned to measure the rate of Ca. 

loss from the body in normal aging. Another is planned to investigate 

disorders of the skeleton, other than osteoporosis. 

Clinical research projects invoiving whole-body counting that will 

be continued include: measurement of levels of lean body mass (by means < 
of K-40 measurements) in grossly obese children (the relation between 

total cell mass and fat cell mass should have basic physiological signifi- 

cance); studies on the kinetics of Br-82-halothane and other' anesthetic 

gases; study of changes in the distribution of Mnu following treatment of 
patients with Parkinson's disease with L-Dopa; and cneasurments of large 
and selected BNL populations on a routine basis. ( Co hn) 

?. 

Iron and vitamin B12 absorption tests will be standardized using the 

whsle-body counter and its computer system. Then, patients with known 

pernicious anemia will be studied for turnover rates and redistribution of 

vitamin B12 within the body, 

poiesis upon iron absorption and distribution will also be studied. 

simultaneous absorption of vitamin B12 labeled with Co-57 and Co-60, when 

given with intrinsic factor, should provide a test for the immediate diag- 

nosis of intrinsic factor deficiency or small bowel deficiency in the 

presence of macrocytic hyperchromic anemia. Studies are also planned on 

the role of small molecular weight components of lyophilized juice in re- 
spect to iron and vitamin B12 absorptlon. (Cronkite) 

The influence of'anemia and the rate of erythro- 

The 
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A new study is in preparation (in col.laboration with Dr. Letteri, 

Meadowbrook Hospital, which will provide analysis by means of -- in-vivo 

activation of Ca! Na, C1 and N in pat:ents undergoing hemodialysis, and 

before and after kidney transplantati(1n. Acute episodes of articular and 

pe r i ar ti c u 1 a:r in f 1 arnma t ion o c c u r in p ;I t i en t s re c e iv i n8 pe r i od i c hemod i a 1 y s i s 

for chronic 'renal failure. These inflammations appear to develop in associ- 

ation with netastatic calcification, sllthough serum Ca is normal. The 

effects of altering the concentration of r2lernents in the perfusate on the 

c2 balance can readily be measured by the activation technique. 

(Cohn, Cronkite) 

The in-vitro neutron activation Technique will be applied to sodium, -- 
chlorine and nitrogen, in addition to the present program with calcium. 

These measurements will be of direct Jalue in the hemodialysis experiments; 

they should prove useful in lean-body Inass studies, and possibly'in hyper- 

tension studies. It is hoped that the portable 238 PuBe source facility 

in the Medical Research Center can be corrpleted 

Work on. the formulation and testing of mathematical models, parti- 

cularly those for describing long-term retention data, will be curtailed 
until replacement appointments can be arranged. (Cohn) 

P-18-labeled compounds, in addition to F-18 phenylalanine, should be 

avzilable for visualization of bone, pancreas and perhaps adrenals. 

Hopefully, C-11-amino acids and L-Do~ia w1.11 be available. 

to investigate marrow distribution i:i 

Use of Fe-52 
leukemics will be studied. 

Further clinical application of lymph node scanning is contemplated, - 
particularl;? with improved colloids. With improved apparatus, extension J a 

of abssrption edge spectroscopy wil. 1 be (extended to include clinical 
studies . (Atkins) 

The imminent completion of the connection of the Sigma 2 computer 

to the Brooknet system will require a shift in the programming emphasis 

from further development of the whole-body counter and EPR systems to 

that of meeting the requirements for interfacing and for establishing 

communication dialogues between the Sigma 2 and the central computers. 

variety of data processing services such as card to tape, paper tape to 

magnetic tape .and various editing facilities will be available. 

A 

The ir.creased convenience of ccmputing batch-process jobs that will 

result from the Brooknet connection may be expected to stimulate computer 

usage in the Medical Department. 

ing assistance cannot be clearly predict.ed, but appreciable growth over the 

present level is anticipated. 

The precise requirements for data process- 

Interest continues in the use i.f the multidetector positron scanner 

as a tool Lor investigating regional cerebral blood flow. However, the 

(See CoRtinuation Sheet) 06-234 



Exposure to External and Initernal Radiation - Medical Research 

In-Vivo Measurewnt of Radionuclides in Man; Body Burden and -- 
Project Title: Kinetic Factors. Computer Applications 06-02-01-(b) 

17. Expected Results in FY 1971: (Cont Id.) 

existing equipment is too slow and has too high a background count to be 

usable in some of the desired studies. It is again planned to modify the 

device by the addition of a PDP8L or similar small computer to serve 

principally as a data storage device, This and other changes in the 

circuitry would greatly enhance the machine's usefulness in blood flow 

studies. More extensive changes to improve the resolution and sensitivity 

for brain tumor localization are under consideration. 

In addition to numerous modifications and improvements needed for 

the particle size distribution analyzer presently in use in the large 

animal facility, a complete duplicate system is planned for use with 

human blood samples in the clinical service laboratory, Experiments 

should be completed to determine the best geometry for the design and 

construction of a mouse activity system to be used with experimeqts in- 

volving the effect of L-Dopa on mice. 

a large number of mice showing general activity and some specific movements 

of each mouse as a function of time. 

This system would keep a record of 

Investigation of the possible uses of laser holography in conjunction 

with radioisotopic scanning is planned. There appear to be very useful 

possibilitie:~ for image enhancement and 3-dimensional displays using 

holography. (Robert son) 

18. Expected Results in FY 1972: 

Studies will continue along the genera1 lines described above but 

modified by findings suggesting new direct:ions, and by the development 
of new techniques, such as neutron activation with (Cl,n) sources. I 

(Cohn, Cronkite) 

Further investigations with short-lived positron emitting nuclides 

are planned with particular interest in C-11-labeled amino acids, Dopa or 

derivatives, thymidine, etc. Nuclides may be available through the LINAC 

program of the Department of Applied Science. 

lived generaitor system may be investigated. (At kins) 

Feasibility of a ultra-short- 

The increased computer utilization bTy Medical Department personnel 

will necessitate increased supportive services. Long-range planning in- 

cludes consideration of the development of a more independent medical 

computing facility with the addition of an analytical mathematician, a 

statistician, one or two programmers and a keypunch operator to the staff. 

In addition to enhancing the ability to handle the Department's data 

processing requirements, this would provide assistance in theoretical 

considerations of radiation effects or other appropriate topics. 
(Robertson) 
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contract Items: 

A portable PuBe-238 source of fasr neutrons for use within the 

Hos?ital are.a is an urgmt need for these studies ($25,000). The facility 

provides the advantages of ease of aperation bo full time operator required), 

ease of nona,Tbulatory patient exposurt? (bilateral simultaneous with subject 

horizontal), and one-fifth the absorbed dl3se to che pat!-ent. This neutron 

source would also be very valuable in research, and would provide BNL 

with the fin'2st in-vivo neutron activation facility in existence today. -- 
(Cohn) 

A complete breath analyzer systen for small animals, based on the 

method used for patients may be required. This would involve both the 

design and development of the C02 analyzer, a scintillation detector for 

C-14 and a digital readout system ($1'1,003). (Robertson, Shreeve, Hankes) 
\ 

A small computer ($127,000) is required for quantitative assessment 

of distribution of activity in rectilinear scans and camera studies; 

multiple plane readout and stereoprojection of positron camera images; 

calculation of distribution of radioactivity with the 32-crystal positron 

device, calculations, corrections, etc. associated with the output of the 

transmissi.on scans for absorption edge spectroscopy; time course of 

radioactivity distribution with the gamma camera-cardiac output, renograms, 

vascular flow studies; curve stripping and analysis for blood disappear- 

ance and liver uptake utilizing colloids; and subtraction of dual nuclide ' 
emission scans (FY 1971). (Atkins) , 

Other capital equipment needs include development of positron 

scanner, $20,000 (FY 1971); FY 1972, particle size analyzer, $15,000; and 4 

J 

1 
a Laser system, $5,000 (departmental Jse). 

20. Proposed Obligations for Related Construction Projects, if any: 

Bio-Xed zonjunct facility a 
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13. Publications: /- .," 
,; // 

Bond, V. P. and Sugahara, T. Raciosensitivity in Animals. Science 164, - 
1428-35 (1969). 

Reincke, U. Methods to determine volumes of hematopoietic nodules in 

hope marrow-grafted irradiated mice. Exp. Hematol. (in press), 
/L- f 

14. Scope: 
-. 

The studies in this activity have as their primary objective the develop- 

ment of basic information on mammalian radiation injury that in turn will 

serve as a ba;is for improved therapeutic applications. In the investigation 

of relationships between radiation effects at the animal and cellular levels, 

specific areas of interest include: a) the acute hemopoietic syndrome; 

b) radiation--induced leukemia; c) effects of nonuniformity of doAe distribu- 

tion; d) effects of dose protraction on the width of the animal dose-survival 

curve and on the 50% lethal. dose; and e) development of improved substitutive 

therapy (granulocyte and platelet transfu:;ions) . 

In one area of these studies, mathemxatical models which simulate 

existing data are formulated as an approach to problems in which the response 

of a single Ire11 type is critical. In such cases the model must take account 

not only of the primary radiation response of such cells, but of the prolifey- 

ation which they initiate, and the animal's requirement for, or sensitivity 

to, progenies of the irradiated cells Analyses are made using the theory 

of random variables and stochastic pr<icesses, Fourier transforms theory, 

computer sim~lation, and the theory of coTpetFng risks. Experimentation is 

designed for filling in gaps or clarifying discrepancies in existing data. 

As these interpretive studies are phased out additional emphasis will be 2 

placed on cellular studies and substitutive therapy. ( Rob ins on ) 

A major aim is understanding the effects of radiation on the cellular 

renewal systems essential for survival after irradiation. Relationship 

between kinetics of hematopoietic cell proliferation and radiation effects 

takes two forms: first, the effect or' uniform whole-body, partial-body or 

non-uniform exposures OR the hematopoietic stem cell pool; and secondly, 

and conversely, the importance of changes in the stem cell population on 

the animal's reaction to a uniform whole-body, partial-body or non-uniform 

exposure. To study the latter the stem cell pool is modified by age, 

chemicals, preirradiation, etc. Short-term objectives include the perfec- 

tion of techniques related to the harvesting, preparation and storage of 

marrow for study by each of several methods and the determination of the 

size and distribution of the active bematopoietic stem cell pool throughout 
the body. (Cars ten) 

New studies on platelet preservation and transfusion will be carried 

on in collab,oration with the Blood Research Laboratory, U. S. Naval 

Hospital, Ct-.elsea, Massachusetts. Radiation hemorrhage was shown years 
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ago, to be due to thrombocytopenia which could be prevented by prophylactic 

transfusion of homologous platelets. Platelet transfusion controlled well 

established diffuse purpura but is relati-vely inpractical since platelet 

viability is so short in vitro in a11 preservation media and techniques. 

The developnent of adequate platelet preservation techniques is essential 

for treatment of otherwise fatal radiation injury. The Blood Research 

Laboratory '.eads in the research on the preservation of red cells and, under 

the direction of Dr. Valeri, has developed an imaginative program on the 

in vitro evaluation of one platelec~ function that appears to be correlated 

with viability, namely, its volume regulation. The treatment of individuals 

with one tablet of aspirin removes the capability of platelets to agglutinate 

ana thcls shorten bleeding time. Platelet viability is studied in normal 

human volunteers by preparing and preserving platelets prior to the admini- 

stration of aspirin and subsequent autotransfusion to see if thg'aspirin 

detects are improved by the transfusion of the pre-aspirin platelets. The 

ultimate test of platelet viability and function however, is the prevention 

or the treatment of thrombopenic bleeding. With the development of tech- 

niques to preserve platelets in a viable and functional state, the collabora- 

tive study will use the l3NL model of the thoracic duct cannulated dog in 

whom the output of red cells in the thoracic duct is correlated with thrombo- 
penia and platelet function. (Cronkite) 

15. Relationship to Other Projects: 

-- 

-- 

Lewis and Trobaugh, University of Illinois, Chicago, and Wolf and Trentin 

Baylor University, are interested in the factors determining the type of 

spleen colony arising from marrow injections into irradiated recipients. I 

size over the encire development period for both endogenous and exogenous 
colonies as done here. (Cars ten) 

They are not, however, examining the total spectrum of colony type and f 

Till and McCulloch, University 3f Toronto, developed the spleen 

colony technique and continue to use it in a variety of studies. The 

BNL study is a more quantitative approach in the use of the spleen colony 

technique, particularly where related to the time course development of the 

colonies and their differentiation. A most important difference between 

work here and elsewhere is the use of the BNL mouse, which is particularly 

suited to the spleen colony technique, i.e. it: is much more efficient both 

in time of dev-elopment and number of colonies formed than most other strains 
(Robinson, Carsten) 

As noted above, Valeri et al, Blood. Research Laboratory, U, S. Naval 

Hospital, Chelsea, Massachusetts, are developing techniques for improved 
preservation of red cells, white cells, and platelets. (Cronki te) 

16. Technical Progress in FY 1970: 

The species screening studies for spleen colony growth in mice were 

completed Sor two rat strains, normal human, leukemic human, dog, guinea 

pig, cat, rabbit, hamsters, gerbils and rhesus and spider monkeys. Marrow 

(See Continuation Sheet) 06-239 



Combating Detrimental Effects of Radiation - Medical Research 

The Role of Damage to Mammalian Hematopoietic System in Death 

Project T.'.tle: or Recovery of the 1rradiat:ed Mammal -- 

16. Technical Progress in FY 1970: (Cont'd.) 

froin these da'nors was injected into recipient mice treated with both x rays 

and immunosuppressant drugs. A rise in colony count was found in all recip- 

ients, but cytological examination of indi.vLdua1 cells indicated that in 

all except those mice receiving rat marrow, the colonies were endogenous 

to the mice. The r3t to mouse technique was used to examine the effect of 

environmental temperature on marrow stem c:el Is in irradiated and nonirradiated 

rats. It was found that protracted exposure of rats to a low environmental 

temperature 1:2oC) rcsulted in almost a two-fold increase in tk number of 

colony forming units per femur. Following a dose of vinblastine, return r.f 

colony forming units (CFU) in the bone marrow to the pretreatment level was 

more rapid in the cold exposed rats than in those kept at 25OC. 

The effect of storage media, time and temperature on the viability 

and type of resultant colony was studied for the mouse bone marrvu. When 
the ratio of erythroid to total colonies :is considered, it was found that 

in terms of relative depression in viability, erythroid colonies were de- 

pressed to a lesser extent than were the total colonies derived from cells 

kept for eight hours in saline G at either room or ice temperature. A 
lesser effect on this ratio change was norted for the cells kept in the CMRL 

1066 tissue culture media. This studv wa:i completed for storage periods to 

eight hours. 

The studies on the importance of distribution of the hematopoietic a 

tissue to mortality following nonuniform iexposures in the mouse were com- 

pleted. The protection afforded by survival of hemopoietic stem cells in 

lesser exposed areas of the body is'indeplendent of anatomic site and de- 

per-dent solely on the number of stem cells surviving. This is in verifi- - 

* 

cation of the preliminary results previously reported. f 

a 

The marrow distrlbution data for the monkey (reported as complete 

last year) was verified with S. T. Taketa (Ames Research Center). 

Changes in marrow stem cell numbers in male mice from 2-103 weeks 

of age was determined. 

female mouse femur increased rapidly dntil approximately 8 weeks of age, 

and then more slowly with increasing age. The total CFU content in the 

femurs of the Same animals exhibited a similar early rise in both the 

males and females with a subsequent leveling off resulting in a decrease in 
the ratio of C$'U to total cells with age. (Cars ten) 

The total marrow cellularity of both the male and 

The data on long term stem cell recovery following a maximum sublethal 

whole-body exposure (525 rads) to the BNL, male mouse, was completed to 65 
weeks post exposure. An immediate reduction in the marrow cellularity was 

evident, followed by a rapid return to near normal levels by 7-8 weeks post- 

irradiation. The femoral CFU content followed a similar pattern, however, 

the recovery was not quite as complete. 
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16. Technical Progress in FY 1970: (Cont'cl.) 

The studies of the growth and differentiation of the exogenous and 

endogenous spleen colonies in the BNL mbuse were completed. A computer 

program was developed for determination of colony volumes. 

of the rate of increase in the volume of red cell colonies it was concluded 

that they are monoclonal whereas granulocytic colonies appeared to be poly- 

clonal. Volume doubling times are about 10 hours. (Carsten and U. Reincke, 

Research Collaborator in Residence, U. Freiburg, Germany) 

From a study 

Work was begun comparing the spleen c:olony technique and the implanted 

diffusion chamber technique for studying hematopoietic stem cells in the BNL 

mouse. Apparatus for the latter was assembled and the first chambers im- 

planted. Preliminary results indicate that the technique developed by 

Boyum in Norwegian mice works equally well with the BNL strain. A strain 

comparison program (BNL, Ch 2 and AKR mice) was initiated in col1,bboration 

with A. Upton (State University of New Yor-k at Stony Brook) aimed at evalua- 

ting the hematopoietic stem cell systems in these strains. A laboratory 

was set up in the quarantine area for the handling of the outside strains 

and training of the personnel begun. (Carsten and A. Boyum, Norwegian 

Defense Rcsealrc h Es tab1 is hment) 

A series, of studies aimed at determining the RBE of Californium-252 

neutrons for the mouse marrow system was started. A source holder was 

fabricated tcl hold a Cf-252 source or tant.alum array, and dosimetry com- * 

pleted on the system. (Carsten, Atkins) 

17. Expected Rescllts in FY 1971: 

* 
.- 

The hematopoietic stem cell studies using the diffusion chamber f 

technique will be expanded. It is planned to determine the colony formation' 

efficiency of the AKR mouse as compared tci the BNL mouse, with special 

emphasis on the transplantation efficiency factor. Studies on the changes 

in marrow stem cell content with age in the BNL female mouse will be com- 

pleted; also, determination of the RBE of the Californium neutrons for 

suppression c~f CFu's. It is expected also, that studies on the effects of 

storage of marrow for longer terms than previously reported, on mortality 
following non.uniform irradiation of mice a.nd monkeys, and on the development 

and differentiation of exogenous and endogenous spleen colonies in the BNL 

mouse, will be completed. 

Pilot studies will have started using the Luening embryo technique 

for studying the effects of various factors on the developing embryo. 

This system involves the breeding of male and female mice, one or both 

of whikh have undergone treatment previous to the mating (the treatment 

might be chemical, physical, etc.). The preganancy is allowed to continue 
until the 18th day, at which time the female is killed, and the number 

of viable and nonviable embryos counted, together with the number of 

corpora lutea on the ovaries. The importance of these values is self 

evident. The technique of counting the embryos has been confirmed and 

standardized. The enumeration of the corpora luea is not as easily 

accomplished, ar,d at present various stai~ing methods are being tested to 
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17. Expected Results in FY 1971: (Cont'd.) 

improve this part of the system. It is planned that this method along with 

study of CFU's will be used to evaluate the toxicity of double-stranded RNA, 

L-Dopa, tritiated water, tritiated thymidine, and the relative toxicity of 
radioactive labeling in various positions in other biologically important 
compounds. (Carsten) 

It is believed that studies on the evaluation of preserved canine 

platelets will have extended through the phase of showing that the aspirin 

defect can be re::ersed and studies on the evaluation in radiatit.,n-induced 

hemorrhage wi.11 commence. When improved techniques are established procedures 

will be proposed to Biological Control, NNH,for introduction into blood 

banking procedures. (Cronkite) 

18. Expected Results in FY 1972: t 

With the data obtained by using the 'diffusion chamber technique and 

the spleen colony technique on several mouse strains, it is hoped to improve 

understanding of stern cell kinetics in the mouse. It is hoped also that 
new data on the relationship of labeling position in metabolites and radia- 

tion effect might be obtained with the Luening embryo technique. 

will be continued based on findings during the previous fiscal year. 

19. 

Studies 

Description and Explanation of Major Materials, Equipment and Sub- 

contract Items: -- 

20. Proposed Obligations for Related Construction Projects, if any: 

Bio-Mecl conjunct facility 4 

i 
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SCHEDULE 189 

ADDITIONAL EXPLANATION FOR OPERATING COSTS 

Brookhaven National Laboratory 

Laboratory 

06-Biology 6 Medicine 

Program 

~~ ~ 

1. Contractor: 

.es, Inc. As s oc Fated Un iv e r s i t j 

- 

Task No. : Lontracc N'o.: - 
AT- 30- 2-GEN- 16 

189 No.: 2. Project Titlt;: 

Cancer & Other Clinical Research-- 

Me d i c a 1 R e s e i1 r c h 06-268' 

3. Budget Activity No.: 4. - Date Prepared: 

06 - 03-0 1 May 1970 

6. Working Location:' 5. Method of Reporting: 

B r ookhave n Na t iona 1 Lab or a tory S cie sub-ac tivi t ies 

PRIVACY ACT MATERIAL REMOVED 

7. Person in Charge: 8. Project Term: 

See sub-nctlvities 

Principal Investigator: 

See sub-acti,vi ties 

Contlnuing 

From: To: 4 

M 1970 FY 1971 FY 1942 9. Man-Years: 

11 .o 10.0 11 .o' Sci., Res. Assoc. (Ph.D. or EquFv.) 4.5 5 .O 
Visiting Sci. 4 .O 4 .O 

Prof. (B.5. or Equiv.) 

Technica 1 9.5 9 .o 8.5 

Adm. & Service 2.0 3.0 
Guests 6 F,esearch Collaborators 

Total 113.0 99.5 105 .O 

10. Costs (In Thousands of Dollars): 

Labor (including benefits) 1,298 1,291 1,421 

244 240 257 MaeW., Trav., Dev. Subcont., Spec'l Proc. 
13 13 13 Re.&tor, Accel., and/or Computer Usage 

hn 50 38 All6c8 ted Tee hnical Sen ices 

4 .O 

4.5 

19.5 18.5 20 .o 
79.5 70 .O 73.5 . 

Sci. & E:ng. - Total 

4.5 

FY 1970 FY 1971 FY 1972 

Gen. & Adm. Overhead 

Total Research Cost 

PRIVACY ACT MATERIAL REMOVED 

c 11. Reactor Concept: 12. Materials: 

- 
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Project Title: Cancer and Other Clinical Research--Medical Research 06-03-01 

SUMMARY 

Sub-Activi tv 

06-03-01- (a) 

06-03-01-(b) 

06-03-01- (c) 

06-03-01- (d) 

06-03-01- (e) 

06-03-01- (f) 

Tit le 

Med i c a 1 R e s ear c h 

Treatment and Biochemical Dissection of Parkinsonism 

and Allied Conditions 

Interrelationship between Genetic and Environmental 

Factors in Clinical and E>,,perimental Hypertension 

Clinical Studies on Exocrine Pancreatic Insufficiency, 

Vitamin B and Iron Absorption 

Metabolic and Therapeutic Studies in Cancer 

12 
\ 

6 

Extracorporeal Irradiation of Blood and Lymph in the 

Study of Lymphopoiesis and Homotransplantation 

The Effects of Hormones, Drugs, and Nutritional Changes 

on the Intermediary Metabolism of Carbohydrates and 

Lipids 
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SCHEDULE 189 

ADDITIONAL EXPIAXATION FOR OPERATLNG COSTS 

B r ookh av e n Na t i ona 1 Lab or a t 0 r y 

Lab oratory 

06-Biology & Medicine 

Program 

1. Contractor: Contract go.: Task No. : 
Associated Universities, Inc. AT-30- 2-GEN- 16 

2. Project Title: - 189 No. : 

Cancer and Other Clinical Research - Medical Research 

and Allied Conditions 
Treatment and Biochemical Dissecziop of Parkinsonism 06-270 

4. Date Prepared: - 3. Budget Activity No.: 

06-03-01- (a> May 1970 
\ 

5. Method of Reporting: 6. Working Location: 

BNT, Annual Repcrt 

BNL Monthly :Letter to the AEC 

Bulletin of the Medical Department 

Brookhaven National Laboratory 

7. Person in Chi-: 8. Project Term: 

G. C. Cotzias Continuing 

Principal Invest ipat or: From: To : 

? 

9. Man-Years: 

Direct M.3n-Years 

Scientific & Professional 

Other 

Guests & Res. Collaborators 

Total 

FY 1970 FY 1971 FY 1972 

3.3 5 .O 5 .O 

35.5 27.2 26.3 

0.7 0.3 0.2 

39.5 32.5 31.5 

LO. Costs (In Thobsands of Dollars): 

FY 1970 FY 1971 FY 1972 

Re search D iv is ion 298 360 36 8 

Hospita 1 Division 322 330 332 

Research Costs 6 20 690 700 

1L. Reactor Concept: 12. Materials: 

06-270 
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Treatment and Biochemical Dissection of Parkinsonism and 

Project Title: Allied Conditions 06-03-01-(a) 

13. Publications: 

01 

Cotzins, G. C. Parkinsonism and dopa: an editorial. J. Chronic /2;d 
Diseases 22, 297-301 (1969). - 

Mena, I., Horiuchi, K. , Burke, K and Cotzias, G. C. Chronic 

manganese poisoning: individual susceptibility and absorption of iron. 

Neurology - 19, No 10, 1000-5 (1969). 

'27; 

Cotzias, G. C. L-dopa in Parkinson's syndrome. New Eng. J. Med. 281, - 
272 (1969). /3/177 

Mena, I., Court, J., Punzalida, S., Papavasiliou, P. S. and Cotzias, G.C. 

Modification of chronic manganese poisoning: treatment with L-dopa or 

5-OH tryptophane, New Eng, J. Med. 282, li-10 (1970). 
/3 ; ,<; 

- 
\ 

I 

Cotzias, G. C., Papavasiliou, P. S., Pehling, C., Kaufman, B. and 

Mena, I. Similarities between neurological effects of L-dopa and apomorphine. 

New Eng. J. Med. - 282, 31-3 (1970). /:/7: 1 

Cotzias, G. C. Metabollc modification of some neurologic disorders. 

J. Am. Med. Assoc. 210, NO. 7, 1255-62 (1969). ,v J, 

Cotzias, G. C. Limiting factors in t:he treatment with dopa. Presented 

at the Laurentian Research Conference on ],-Dopa, Val David, Quebec, Canada, . 
November 1969. 

/?/ 9 ,,, 

14. Scope: 

Currentl.y, the broad objective of the studies reported in this activity 
2 

is the biochemi:al dissection of the defects in Parkinsonism and allied 

conditions in order to develop new approaches to therapy. Major efforts 

are still directed toward the study of the therapeutic effects of L-Dopa in 

the treatment: of Parkinsonism, but an increasing effort is devoted to other 

chemicals and other diseases. A satisfactory standard of clinical investi- 

gation can be maintained, however, only with a relevant laboratory program 

tightly integrated with the work at bedside. 

The therapeutic effectiveness of L-Dopa in the treatment of Parkinson- 

ism has been firmly established. There remain, however, many questions as 

to how L-Dopa works. Explanations are sought for the following poorly 

understood observations: 1) large amounts of L-Dopa must be used for a con- 

siderable time before full improvement set.s in; 2) the amount which controls 

symptoms must. be lowered with passing mont:hs; 3) tremor can be eliminated 

simply by persevering with the maximum tolerated dose but other signs re- 

spond early; 4) some Parkinsonians treated1 with L-Dopa develop involuntary 

movements. Ascertaining which of the many active metabolites synthesized 

in the body f'rom Dopa help the patient andl which hinder, and predicting 

the degree and timing of improvement in a given case, also present related 

questions of interest. 

(See Cont3.nuation Sheet) 06-271 
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14. Scope: (Cont Id. ) 

The brains of Parkinsonian patients contain low concentrations of both 

melanins and catecholamines. Both sets of missing substances can be 

restituted by their common precursor L-Dopa (3,4 dihydroxyphenylalanine). 

A premise for the studies in this budget activity is that the chemistry, not 

the structure, of the brain is responsible for Parkinsonian symptoms since 

they can be corrected with chemicals wi'thout correcting the underlying 

structural damagz. Parkinsonian symptoms are found also in persons who have 

some other disease than Parkinson's syndrome. Accordingly, efforts are 

directed toward demonstrating that chemicals should improve such symptoms . 

wherever they may occur, and noL only in the case of Parkinson's syndrome. 

Extensive laboratory studies are carried on to supplement, clarify, and 

prepare for clinical investigations. Body fluids of patients must be 

analyzed for L-Dopa a.nd metabolites suspected of causing certain,effects. 

For example, when a patient shows diminished effects of L-Dopa following 

a heavy meal, analyses must be made to determine whether the ingredients of 
the meal interfere with the absorption of dopa; when a patient shows in- 

creased plasma iodine, the nature and source of the iodine must be determined. 

Animal experiments must precede studies on human beings; rudimentary toxi- 

cological tests and analyses must be conducted on chemicals proposed to 

the FDA as investigational new drugs. 

Carbon-1L-L-Dopa is expected to render 'Lvisible" in the intact man 

(by means of technology already available) several extracranial and intra- 

cranial structures. Among the extracranial ones, the adrenal medulla 

promises to become readily visible but structures like the lung which are 

rich in dopamine-containing histiocytes may also become preferentially - 
visible. The distribution of carbon-11-L-Dopa among extracranial structures* 

is expected to be dependent not only upon the dose of non-radioactive Dopa 

but also on whatever metabolic adjustments have been brought on by its 

chronic administration. Studies on intracranial structures are even inore 
important since visualization of structures located behind the skull is 
now limited to the few tumors which one may scan, the calcified pineal 

gland, the sella turcica, and the distortions that become evident by 

angiography . 

4 

An essential phase of the basic studies on neurological function is 
the continued development of nondestructive neutron activation analysis so 

that the inorganic analysis can be followed by organic analysis in the 

same sample. 

autopsy material and tiny biopsies of brain. 

15. Relationship to Other Projects: 

This capability is required in order to adequately analyze 

Investigations of L-Dopa have been spurred throughout the world 
and special conferences and international symposia have taken place or 

have been established. Work here is not addressed to problems if there is 
reason to suspect they are being formulated by others. 

(See- Continuation Sheet) 06-272 
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15. Relationship to Other Projects: (Cont'd.) 

The synthesis of carbon-11-L-Dopa by Dr..A. Wolf and his associates in 

the Chemistry Department is a most important related work. Despite the 

fact that several outsiders have become interested in the studies on intra- 

cranial and extracranial structures, progress at Brookhaven has been slow 

due primarily to the difficulties in rapid. synthesis and availability of 

adequate amounts of carbon 11. 

Total body and regional counting is another intimately related project. 

The techniques a:id equipment developed at Brookhaven would be indeed 

applicable to eventual studies of C-11-L-Dopa but they are applicable here 
and now to studies of the effects of L-Dopa on trace metals and vice versa. 

16. Technical Progress in F'Y 1970: 
\ 

b 

An article 'Wtabolic Modification of Some Neurologic Disorders", J. Am. 

Med. Assoc. - 210, 1255-62 (1969) was invited by the Journal of the American 

Medical Association in connection with the author receiving the Albert 

Lasicer Clikical Medical Research Award. The paper presented the background 

current status and immediate prospects of metabolic therapy of neurological 

disorders. It indicated also, areas in which basic investigations are 
urgently needed. 

In studies on functional interactions between biogenic amines, 3',5' 
cyclic adenosine monophosphate (cyclic AMP) and manganese, the relevant 

cmnection between the metabolism of Dopa and that of trace metals like 

manganese was shown. Others had discovered that biogenic amines do not 

deliver their intracellular messages directly but via an intracellular 

I 

* 

messenger, cyclic AMP. Q 

a 

Studies liere determined that the increase of intracellular cyclic 

This connection appeared 
AMP caused by several amines including Dopamine is accompanied by a strik- 
ing intracellular accumulation of manganese. 

important because it was known that one could mimic the effects of some 

amines by using cyclic AMP. 
manganese instead of either an amine or cyclic AMP. Efforts were devoted 

to the adaption of a method to permit measurement of cyclic AMP in tissues. 

Preliminary experiments suggest that administration of Dopa increases the 

concentration of cyclic AMP in the liver,, the only tissue tested. 

ments are in pkogress to determine whether factors modifying the effects 
of Dopa chacge the concentration of cyclic AMP in liver, 

will be studied in brain, a more difficult organ to test. 

One such effect was mimicked by administering 

Experi- 

If so, these 

A letter to the Editor, J. Am. Wd. Assoc. - 207, 1353 (1969)) report- 

ed the emergence of positive Coombs tests among four Parkinsonian patients 

receiving large doses of L-Dopa for many months. 

that discontinuation of the drug was unnecessary and inadvisable because: 

1) no evidence of hemolysis emerged; 2) the titers could be lowered by 
decreasing the dose of Dopa; 3) the patients needed Dopa quite badly. 

The letter also stated 

(See Continuation Sheet) 06-273 
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16. Technical Progress in FY 1970: (Cont'd.) 

Because of the large discrepancy be.tween the negligible toxicity 

induced by L-Dopa in treatments here and the extensive toxicity encountered 

by some others, a letter was sent to the Editor of the New England Journal 

of Medicine to emphasize the difference between "dose" and "dose rate". A 

model schedule for administering Dopa was presented. Also indicated were 
precautions that must be taken and what support of the patient is recommend- 

ed beside s prescribing L- Dopa. 

In studies on chronic manganese poisoning it was fo,md that inhaled 

manganese compounds become largely transferred to the gastrointestinal tract. 
Contrary to prevailing opinion, therefore, the gastrointestinal tract is a 

major portal of entry during environmental and industrial exposure. In- 

vestigations of the absorption of manganese by this tract showed it to be 

linked to the absorption of iron. 

that presented for absorption) depended upon the presence or absence of 

nutritional anemia. This suggested nutritional anemia as a predisposing 

factor to the development of chronic manganese poisoning among miners exposed 

to heavy manganese loads. An unexpected finding was that: miners exposed to 

manganese were "iron losers". This iron loss would increase the percent of 

manganese absorbed by individuals to whom massive amounts of metal are 
already presented for absorption. These results could not have been obtained 

without the neutron activation analyses pcissible at Brookhaven. 

The percent of manganese absor;b\ed (from 

The publication "Modification of Chronic Manganese Poisoning: Treat- , 
ment with L-Dopa or 5-OH Tryptophane" by I. Mena, J. Court, S. Fuenzalida, 

P. S. Papavasiliou, and G. C. Cotzias, New Eng. J. Fkd. - 282, 5-10 (1970), 

reports: 1) the first confirmation of the chemical hypothesis for the 

neurological symptoms in a disease other than Parkinson's; 2) the first 

successful treatment of a non-progressive,, crippling neurologic disease; 

3) the first results of administration of L-Dopa to neurologically normal 

human beings In brief, the results indicate that seven out of eight 

long-crippled ex-miners benefited remarkably from the slowly increased 

administration of oral L-Dopa. The eighth, who became worse on L-Dopa im- 

proved with 5-OH Tryptophane,a precursor of serotonin. This latter case 

may have established a therapeutic precedent for similar clinical situations. 

Two of the miners who improved while on L-Dopa had primarily muscular 

dystonia, indicating that other dystonias must be similarly studied. Among 

eight normal individuals receiving L-Dopa, the six exposed manganese miners 

appeared to react differently than the two non-miners. The working 

manganese miners seemed resistant to the induction of nausea or vomiting 

by L-Dopa. 

ed muscular tonus but no muscular weakness while on L-Dopa. The two 

normal controls differed from the exposed miners in these respects. 

I 

a 

They developed marked flexibility of their joints and diminish- 

Another study was based on chemical similarities between dopamine 

and apomorphine and the fact that dopamine as well as apomorphine activate 

dopaminergic neurons. In this double blind study, 15 patients were 
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16. Technical Progress in N 1970: (Cont'd.) 

injected with 1.0-2.5 mg. of apomorphine lor with placebo while their 

neurological status was scored intermittently, The scores changed only 

when apomorphine was injected. The change was in the same direction as 

when L-Dopa was given. It started upon injection, reached its peak after 

30 minutes and declined to preinjection levels thereafter. It is proposed 

that apomorphine can be used to: 1) determine whether dopamine or melanins 

are responsible for the main therapeutic effects of Dopa; 2) to determine 

whether or not dopaminergic neurons become diurnally refractory in patients 

who lose the effects of L-Dopa following a meal or following ingestion of 

Vitamin B6 (Pyridoxine); 3) as a model for the synthesis of a new generation 

of drugs with which to study and treat neurological diseases. 

A test was developed which quantifies the locomotor effects of L-Dopa 

and their modification by various agents. This test is based oq'the fact 

that ainong mice rs-ceiving the same amounts of L-Dopa some become more hyper- 
kinetic than others, A plastic box cage was constructed which has a three- 

inch platform running close to its top. Mice are placed on this platform. 

With placebo administration, no mice fall from the platform into the box, 

but with L-Dopa or apormophine, some do. The percentage of mice falling 

from the platform is calculated at the end of four hours. With mice of 

the same sex, age and body weight, the percentage of animals falling has 

been linearly related to the oral dose of L-Dopa between 1 and 5 mg/g body 

weight. Similarly, this percentage was linearly related to the dose of 

injected apomorphine. 

dihydroxyphenylacetic acid (dopac, a deaminated metabolite of dopamine) 

have markedly diminished the locomotor effects of L-Dopa but not those of 

apomorphine. The effects of both drugs were, however, delayed as well as - 
diminished by the intraperitoneal administration of 40 pg of manganese as I 

selectively modifying the entrance of L-Dopa into the brain, versus the 

action of dopamine (or apomorphine) within the brain. 

Previous administrations of dopamine or of 3,4 

the sulfate or the chloride. These experiments may provide tools for t 

Connections between the metabolism of manganese and the administration 

of some agents utilized in therapy were sought in experimental animals, 

The effects of L-Dopa on manganese metabolism reflected themselves in the 

total body economy of this metal in mice as follows: injected k-54 was 

transported in the presence of Dopa much mare rapidly from the carcass 

into the viscera in the presence versus the absence of this drug 

(0.01 > p > 0.001); the concentration of Mn-55 in the livers of mice as 
determined by neutron activation analysis became progressively higher 

with time on L-Dopa; among two peripherally acting Dopa-decarboxylase 

inhibitors, one markedly diminished the absorption of manganese from the 

gut in mice. This is the inhibitor used extensively in Europe, Latin 

America, and Canada. The one used at BNL has not yet shown evidence of 

interfering with the absorption of manganese. 

Parkinsonian patients who have been receiving L-Dopa for more than 

three years were closely followed. In most, the initial improvement is 
maintained and no new toxicity has been found. One patient has developed 
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16. Technical Progress in FY 1970: (Cont'd.) 

a gastrointestinal hemorrhage which is tentatively assigned to a hiatus 

hernia. A few patients have developed intermittent involuntary movements 

and vzriahle degrees of intermittency in the control of their Parkinsonism. 

It seems that the absorption of Dopa is becoming, uneven in some individuals. 

The role of the intestinal flora in this intermittency is being investigated 

by means of sulfathiazole administration. 

Administration of a-methyl Dopa hydrazine (a peripheral Dopa decarboxy- 

lase inhibitor) together with L-Dopa is being st.udied to determine which 

effects of Dopa are caused by metabolic processes occurring outside the, 

brain as well as to determine whether there are clinical advantages togthis 

combination. Among seven patients fully studied thus far, the following 

trends have emerged: 1) the doses of oral Dopa necessary to control Parkin- 

son's syndrome appear to be about one-fifth smaller in the presence of the 

inhibitor than in its absence; 2) administration of Pyridoxine cancels the 

effects of Dopa in the absence but not in the presence of the inhibitor; 3) 
bucco-facial involuntary movements have emerged much earlier and with much 

smaller doses of L-Dopa in the presence as compared to the absence of the 

inhibitor; 4) in the presence of the inhibitor, the urinary concentrations 

of Dopa or Dopamine could not be determined due to technical reasons; 5) the 

percent of Dopa excreted as homovanillic acid is much smaller in the presence 

than in the absence of the inhibitor. 

Three patients with dystonia rnusculorum deformans, two patients with 
cerebral palsy, one patient with "postencephalitic syndrome" and one with 5 

t hemiplegia have been under treatment with L-Dopa. 

dystonia musculorum deformans developed marked improvement arid another 

moderate improvement but only after several months of constant therapy as 

in-patients, In the others, the results seem encouraging but it is too 

early to tell. 

One of the patients with 

Other studies underway but not completed include: the effect of 

phenylalanine ingestion on the Parkinsonian state both prior to and during 

corltrol with L-Dopa; the effects of choline and methionine on the control 

of parkinsonism; and-the toxicological study of L-Dopa in mice. The pro- 

posed method for "homing" an amineoxidase inhibitor preferentially into 

the brain was reported as ineffective by our industrial colleagues at Eli 

Lilly and Company. An alternate approach is being investigated according 

to our suggestions. 

17. Expected Results in FY 1971: 

With present level support, current studies will be carried on to 

completion and additional studies initiated as conditions permit. In a 

collaborative study with Dr. Cohn of this Department an effort will be 
made to determine whether L-hpa, a-methyl Dopa hydrazine, apomorphine and 

5-OH tryptophane derange the metabolism of trace metals like manganese in 
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17. Expected Results in PY 1971: (Cont'd.) 

man. 

to improve existing therapy, and links between autoimmunity induced by Dopa 

and trace metal metabolism would be investigated. 

With additional support additional patients wogld be studied in efforts 

Effort would be concentrated primarily on the synthesis of carbon-11 

Dopa and on testing it on animals. 
do not permit constant production of the short-lived carbon 11, these workers 

would be expected to synthesize and test one or more of the following com- 

pounds: a) precursors of a monoamine oxidase inhibitor; b) esters of L-Dopa; 

c) modifications of the apomorphine molecule; and d) non-absorbable decarboxy- 

lase inhibitor affecting only the intestinal flora. This work will be super- 
vised jointly with Dr. A. Wolf of the Chemistry Department. 

analytical difficulties with the measurements of metabolites of Dopa (par- 

ticularly in the presence of inhibitors) and in the setting up of new 

analytical methods would be attacked. 

Since the logistics of the cyclotron 

In addition, ,\ 

It is hoped to answer the question of why some. individuals require 

much more Dopa than others. If a Dopa-sensitive and a Dopa-resistant strain 

of mice or rats can be bred a genetic basis for CNS sensitivity to Dopa 

would be demonstrated. These animals could be tested for cohort sensitivity 

to other dopaminergic and to serotonergic agents and for differences in 
their handling trace metals like manganese. 

During the coming fiscal year it is expected that the Chilean group 

will perform cxperim.2nts designed primarily to elucidate the environmental 

roles of manganese and to improve the treatment of chronic manganese poison- 

ing. 

The promised utilization of the nondestructive feature of neutron 

activation analysis has received little attention due to scarcity of 

personnel. As was stated last year, brain biopsies from humans could be 

subjected first to neutron bombardment and analyzed nondestructively for 
selected radio-nuclides using available Li-drifted germanium crystals at 
low temperatures. 

be analyzed for selected organic constituents. 

of this approach requikes persistent work. 

Upon completion of this analysis, the same sample could 

Demonstration of the limits 

18. Expected Results in FY 1972: 

It is hoped it may be poss-ible to proceed more rapidly toward better 
treatment for more diseases. 

lated compounds should permit improving insight into the chemistry of the 

brain as it relates to function. 

from. Dopa-resistant mice would provide opportunities to apply environmental 

means in changing the genetic substrate. 

become possible therapeutic options. 

The synthesis of c:arbon-ll-L-Dopa and of re- 

The genetic separation of Dopa-sensitive 

Such environmental means could 
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Treatment and Biochemical Dissection of Parkinsonism and 

project Title: Allied Conditions 06-03-01- (a) 

19. Description and Explanation of Major Materi-als, Equipment and Sub- 

contract I terns : 

Primary requirements are for additional scientific and technical 

personnel to accomplish more laboratory and clinical studies than present 

support permits. 

an organic chemist , 
equipment needs include $5,000 for automation of analyses of Dopa, Dopamine 

and its metabolites, and $15,000 for miscellaneous equipment. Between 

$50,000 and $100,000 for drugs and chemicals can be used. 

There is ample current work for two additional physicians, 

a chemically trained technician and a clerk. Capital 

20. Proposed Obligations for Related Construction Projects, if any: 
\ 

I 

Bio-Med conjunct facility. 
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ADDITIONAL EXPIANATION FOR OPERATIKG COSTS 

B r ookhaven National Lab oratory 
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06-Biology 6 Medicine 

Program 

1. Contractor: Contract No. : Task No. : 

Associated Universities, Inc. AT-30-2-GEK- 16 

189 So. : 2. Prgject Title: 

Cancer and Other Clinical Research - Medical Research 06-279 

Interrelationship be tween Gene tic and Environmental Factors 
in Clinical and Experimental Hypertension .. 

4. Date Prepared: 
, 

3. Budget Activity No.: 

06-03-01- (b) May 1970 

5. Metho?. of Report!-ng:' 

BNL Annual Report 

BNL Monthly Letter to AEC 

Bulletin of the Medical Department 

6. Working Locat ion: 
Brookhaven National Laboratory 

7. Person in Cher~e: 8. Project Term: 

L. K: Dah1 

Principal Investigator: 

L. K. Dah1 
W. W. Shrceve 

Continuing 

t 

From: To : i 

K; Knudsen . 
9. Man-Years : 

Direct Man-Year s 

Scientific 6 Professional 
Other 

Guests & Res. Collaborators 

Total 

FY 1970 FY 1971 FY 1972 

3 .O 3 .O 4.0 

22.8 15.8 24.6 

0.2 0.2 0.4 

26 .O 19 .O 29.0 

10. Costs (In Thousands of Dollars): 
FY 1970 FY 1971 FY 1972 

Research Division 

Hospital Division 
Research Costs 

2 34 245 3 20 

211 175 320 

445 4 20 640 

11. Reactor Concept: 12. Materials: 

I I is840 
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Cancer and Other Clinical Research - Medical Research 

Interrelationship between Genetic and Environmental Factors 

Project ~~tl,=:in Clinical and Experimental Hypertension 

13. Publications: - 
06-03-01-(b) 

Dahl, L. K. Salt and adrenals. Renal Hypertension, I. H. Page and - -/ 
, 

J. W. McCubbin, Editors, pp. 264-74, Year Book Medical Publishers, Inc., 

Chicago, 1968. 

Dahl, L, K., Knudsen, K. D. and Iwai, J. Humoral transmissions of . , 

hypertension: evidence from parabiosis, Circ, Res., Supplement I, - 24 and 

- 25, 1-21-1-33 (1969). 

Ben-Ishay, D. and Welner, A. Sensitivity to experimental hypertenslon 

and aggressive reactions in rats. Proc. SOC. Exp. Biol. Med. (in press). 1: I 

Dahl, L. K., Heine, M., Leitl, G. and Tassinari, L. Hypertenslon and 

\- 

b 

death from consumption of processed baby foods by rats. Proc. SOC. Exp. 

Biol. Med. (in press). 

Knudsen, K. D., Iwai, J., Heine, M., Leitl, G. and Dahl, L. K. 

Genetic influence on the development of renoprival hypertension in para- 

biotic rats: evidence that a humoral hypertensinogenic factor is produced 

in kidney tissue of hypertension-prone rats. J. Exp. Med. - 130, No. 6, 

j. , I 

1353-65 (1969). 

Iwai, J., Knudsen, K. D. and Dahl, I.,. K. Genetic influence on the I- ', 

renin-angiotensin system: evidence for a renin inhibitor in hypertension- 

prone rats. J. Exp. Med. (in press). 
4 

-a 
Jaffe, D., Sutherland, L. E., Barker, D. M. and Dahl, L. K. Effects '-I?/ 

of chronic excess salt ingestion: morphologic findings in kidneys of 

rats with differing genetic susceptibilities to hypertension. Arch. Pathol. 

(in press). 

Barker, D. M., Sutherland, L. E., Jaffe, D. and Dahl, L. K. Effects 

of chronic excess salt ingestion: 

of rats with differing genetic susceptibilities to hypertension. Arch. 

Pathol. (in press). 

juxtaglomerular granulation in kidneys 'cd> jL 

14. Scope: 

The major long-term objective in this activity is to understand the 

pathogenesis of hypertension so that more effective prevention and therapy 

for man can be devised. There is increasing clinical evidence compatible 

with a formulation developed here on the hypert:ensive process that the 

disease starts with the genetic substratum with which environmental in- 

fluences interact to produce hypertension. 

environmental influences are studied on a relatively short-term basis. 

Many of these studies involve the two unique strains of rats developed at 
Brookhaven, one of which is predisposed to experimental hypertension (the 

S strain) and the other resistant to it (the R strain). 

The nature of these remediable 
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Project Title: in Clinical and Experimencal Hypertension 06-03-01-(b) 

14. Scope: (Cont'd.) 

Currently, a major effort seeks a genetic "marker" that will identify 

the hypertension-prone individual; both the genetic study and the renin- 

angiotensin investigations could provide clues to such a "marker". 

the time of Richard Bright, the kidneys have been invoked to "explain" 

hypertension and a study of its role is carried on here by transplanting 

kidneys from animals of one strain into nephrectomized members of the 

opposite strain. Aside from the unique genetic and experimental aspects, 

this study is unique also because essential hypertension is studied in con- 

trast to Goldblatt hypertension--the latter having probably little relation 

to development of essential hypertension of man. 

Since 

\ 

I 

Studies are also carried on involving acute and chronic irradiation 

of the two strains of rats in order to ascertain the effectiveness of 

radiation as an environmental insult leading to the development of hyper- 

tension. Zeman and Carsten have observed that localized irradiation to 

the spinal cord of rats produced clinical and pathological manifestations 

of neurological injury much earlier in those animals with experimental 

hypertension than in normotensive controls. 

There is also considerable interest in the proposal that the high 

salt content of baby foods could play a role in the development of hyper- 

tension in the adult and this is explored experimentally. Collaborative 

pathological studies are carried on with groups at the Hospital for Sick 

Children in Toronto, and at the New York University Medical School. 

Clinical facts have been interpreted as indicating some metabolic 

interrelationships among hypertension, atherosclerosis, diabetes, gout, 

and obesity. Proof of such a relationship might have a unifying effect 

similar to that of the concept of the collagen diseases. Long-term studies 

are carried on to test this hypothesis; current studies of glucose 

tolerance, plasma insulin, and serum uric acid suggest that some non- 

diabetic hypertensives can act like diabetics and others like gouty sub- 

jects. 

metabolism is defective, and that the defects are interrelated biochemi- 

cally, in these five-disorders. As of FY 1972, the studies on inter- 
mediary metabolism of carbohydrates and lipids (06-03-01-f) will be 

consolidated into this budget activity. 

15. Relationship to Other Projects: 

These studies lead to exploring the possibility that nucleic acid 

Since the two strains of rats are unique, and nat available elsewhere, 

there is no duplication of the work carried on here. 

two other strains of rats now available in which the males, in particular, 

develop variable "sponatenous" hypertension. 

being carried out by the following: 

Dunedin, New Zealand, on vascular reactivity; Aoki, et a1 at the University 

of Nagoya, Japan, on pathology and relation of hormones to hypertension; 

Sjoerdsma, et a1 at NHI, NIH, on catecholamine metabolism. 

mere are, however, 

Various related studies are 

Smirk, et a1 at the University of Otago, 
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Interrelationship between Genetic and Environmental Factors 
Project Title: in Clinical and Experimental Hypertension 06-03-01 - (b) 

16. Technical Progress in FY 1970: 

The effects of several renal manipulations including uninephrectony, 

unilateral renal artery constriction, and a combination of these two 

(Goldblatt procedure),were studied in two strains of rats with opposite 

constitutional przdispositions to experimental hypertension. The protec- 

tive value of intact renal tissue against hypertension was shown to be 

genetically detersined. 

member of a parabiotic pair induced hypertension in this operated rat but 

significant hypertension developed in the intact partner only when the 

operated animal belonged to the strain predisposed to hypertension. 

The Goldblatt procedure carried out on only one 

It was speculated that there were qualitative differences in the 
pressor signals of the two strains of rats. In the strain genetically 

predisposed t3 hypertension there are at least two pressor principles: 

(a) one which is common to both strains, not transmittable via the para- 
biosis junction and presumably related to the renin-angiotensin system; 

and (b) a second which is specific for the hypertension-prone strain and 

can be transmitted through the parabiosis junction. This transmittable 

agent is probably identical with the factor that produced salt hypertension 

and is associated with the salt-excreting mechanism. These results suggest 

that the hypertensinogenic factor, the effects of which were observed 

earlier (J. Exp. Med. - 126: 687, 1967) comes from the kidneys of the 

hypertension-prone strain. The current work is a natural extension of 

that earlier report in which it was found that the reaction pattern to salt 

hypertension could be changed when a rat from each of the two strains was 
united in parabiosis, i.e., the normally hypertension-resistant animal 

not only developed significant hypertension, but did so prior to its 

hypertension-prone partner. 

the thesis that the basic mechanism in the different "kinds" of hypertension 

is pcobably identical but that different etiological factors may precipi- 

tate the development of hypertension. 

, 
I 

The sum of these two reports tends to confirm 

In the continuing exploration of the origin of the hypertensinogenic 

factor detected by means of parabiosis between members of the two strains, 

a cardinal observation was that when renoprival hypertension developed 

in a nephrectomized parabiont from the hypertension-prone (S) strain, this 

elevation in pressure'was not transmitted to its intact partner. These 

data were interpreted as indicating'that a pressor agent from an intact 

S rat was absent in the nephrectomized S rat i.e. that the hypertensinogenic 

factor, produced by the S but not R rats, is made in kidney tissue. 

In an earlier report on the behavioral differences in the two strains 

of rats it was observed that the S stpin displayed less "inquisitiveness" 
when exposed to a standardized test than dfd the R strain. In the present 

study, members of the s strain were also consistently less "aggressive" 

than those of the R strain as manifested by their responsesto thirst or 

pain. 

ences play a role in the pathogenesis of hypertension. 

No conclusion is yet possible as to whether these behavioral differ- 
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16. Technical Progress in FY 1970: (Cont'd) 

In the studies on genetic influence on the renin-angiotensin, system, 
two kinds of analyses were carried out on intact members of both strains 

of rats that had been maintained on a low NaCl diet: 1) sensitivity to 

injections of angiotensin and renin, and 2) the influence of their respective 

plasmas on the reaction velocity of renin and its substrate in vitro. The 

pressor response of intact s rats on low NaCl diet was found to be signifi- 

cantly higher to angiotensin and lower to renin than that of similarly fed 

intact R rats. High NaCl intake was without effect on the pressor response 

of R animals; in some of the S groups, however, added dietary NaCl clearly 

increased the pressor response. In all S groups there was a tendency fqr 
high NaCl to increase the pressor response to angiotensin, although thi's 

was statistically significant (p < 0.01) only among the intact controls, 

those with a unilateral renal artery clip, and the uninephrectomized rats. 

The response to renin was increased by high NaCl in the control and uni- 

nephrectomized S groups only. In animals from rhe S strain only, bilateral 

nephrectomy influenced the pressor responses to renin and angiotensin in 

opposite directions; that to renin increased while that to angiotensin de- 

creased. '.In vitro, plasma from hypertension-prone rats had less endogenous 

renin activity than plasma from hypertension-resistant rats. As expected, 

all plasm renin activity disappeared within 24 hours after bilateral 

nephrectomy. Plasma from intact R rats showed no inhibition. Twenty-four 

hours after bilateral nephrectomy, no inhibition could be demonstrated in , 

plasma from either strain. 

Operational interpretation of these findings suggests that controlling 

the reaction between renin and its substrate is an inhibitor that exists 

in the kidney and plasma of S rats but not in R rats, The relation between 

this inhibitor and the hypertensinogenic factor is still speculative but 

the fact that both appear to originate in the kidney of S rats suggests a 

possible connection or even identity. A schema was devised in which the 

renin inhibitor operates as part of the blood pressure-raising system 
rather than the opposi'te and also controls the renin activity level. 

Studies on juxtaglomerular granulation in kidneys of rats with 

differing genetic susceptibilities to hypertension were continued. The 

concentration of renal renin was estimated by a histochemical technique 

involving an estimate of the number of renin granules per glomerulus (the 

"juxtaglomerular index", or JGI). Differences between the two strains 

(R and S) were present on the same salt intakes, and these were not re- 
lated to differences in blood pressure. A step-wise decrease in the 

average JGI was found in the following-sequence: R-low salt > S-low salt 

> R-high salt > S-high salt. 

reported for the renin-angiotensin studies: if the S strain has a renin 

inhibitor it would be reasonable to expect that renin concentrations in 

the kidney would be less. It is possible, for instance, that the renin 

These results are compatible with those 
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16. Technical Progress in FY 1970: (Cont'd) 

inhibitor is eEfective at the site of production of renin, hence the lower 

JGI in S rats. 

In a collaborative study on the effects of chronic excess salt ingestion, 

morphological findings from kidneys of R and S strain rats given diets of 

low or high NaCl content were studied. Without knowing strain or diet, 

observers rated the kidney changes as 'hormal", "minimal to mild" and 

"moderate to very severe". In all 16 R strain animals, the kidneys were 

rated as "normal" irrespective of NaCl intake; all 8 S rats on low NaCl 

received ratings in the second category "minimal to mild", and the remaining 

8 were S rats on high NaCl, rated 'moderate to severe". 

the S rats on low salt were qualitatively similar to the more severe lesions 

in the high salt S rats. The unique observation by the group at the 

Hospital for Sick Children, Toronto, concerned musculo-elastic pads, observed 

at sites of arteriolar branching; these were most conspicuous at the origins 

of small arterioles from larger arterioles in S rats. These pads appear to 

be the most vulnerable portion of arterioles to change and may cause ob- 

struction to blood flaw. Proliferative changes were present at these branch 

sites even among S rats on low NaCl - suggesting the possibility of low 

grade obstruction even without NaCl. It was speculated that salt might 

make them swollen, or enhance hyperplasia, or that the enchanced vaso- I 

constrictor activity of arterioles in S rats might make the pads relatively 

more prominent in the constricted vessel. In any event, they might function 

as micro-Goldblatt clamps thereby initiating the vicious circle of rising 

blood pressure and increasing renal damage. 

The changes in,' 

I 

t 

The experimental aspects of the study on genetic characterization 

of the heritability of blood pressure in two strains of rats with opposite 

predispositions to hypertension was completed. The heritability of blood 

pressure appears to be multigenic. The findings are consistent with the 

hypothesis that blood pressure regulation and the constitutional tendency 
to hypertensive disease depend on several autosomal genes; that in males 

the effects of these genes are hidden while in females the gene for lower 

blood pressure is 'dominant on one or more of the loci. Models with 2, 3, 
and 4 non-linked autasomal diallelic loci were tested. There is no unique 

solution; in general, the more complex models can be manipulated to corres- 

pond better with the observations. A complex model, however, should be 

justified by independent evidence. so many environmental factors influence 

the blood pressure that any purely genetic model which describes these 

particular data with reasonable success is as likely to be correct as one 

which reproduces them in great detail, The model selected, operationally, 

was the simplest model that gives a reasonably good prediction of the 

findings consisting of 2 loci, each with 2 alleles. With this simple model, 

there has been surprisingly good agreement with the human data against which 
it has been tested. 

There is no other study of the heritability of experimental hyper- 

tension comparable with this one in numbers of animals, duration, and 
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elegance of design. (It hardly needs to be said that there could be no 

human study even remotely comparable: the genetic data simply do not exist.) 

Thus, this may be one of the most important studies in this activity for 
it sets the limits for the number of phenomena, critical for the develop- 

ment of hypertension, which must be identified. 

Continuiltion of work on the role of the adrenal in the development of 

experimental hypertension centered on two areas: adrenal transplants, and -_ 
steroidogenesis in vitro and -- in vivo. 

ectomy follo,wed by transplantation of adrenocortical tissue from a member 

The former involves surgical adrenal- 

of the opposite strain. Only a preliminary feasibility study was carri\ed 

out: 4 of 8 animals (2s and 2R) survived such transplants and a high NaCl 

dlet. After more than 4 months on NaC1, the evidence suggests that there 

has been no fundamental change in the character of the blood pressure 

response. From this small series, therefore, the adrenals appear to play 

a supportive, not causative, role. The study has not been pursued more 

vigorously because of limited technical assistance. 

The synthesis primarily of aldosterone, deoxycorticosterone, and 

corticosterone in isolated adrenals -- in vitro and in adrenal vein blood 

in vivo was studied in both strains of rats. Analyses are being carried 

out in the laboratory of Dr. John Rapp, Penrose Research Laboratory, 

Philadelphia Zoological Gardens. No evidence of a difference in synthesis 

of the 3 steroids cited above was found in the preliminary analyses. There 

is, however, suggestive evidence of a difference in adrenal function: in 

the conversion of deoxycorticosterone (DOC) to [180H-DOC 4- corticosterone] 

more ends up as 18OH-DOC in the S rats, 180H-DOC is a fairly recently 

described steroid with some hypertensinogenic properties. If these findings 

are confirmed, their implications would be very meaningful if the trans- 

plant study showed a reversal of salt susceptibility in the two strains. 

This was not the case, however, in the 4 transplant studies made so far, 

alluded to above. 

- -- 

A preliminary study of the phenomenon observed by Zeman and Carsten 

was initiated in some rats from the S strain. 41 adult rats were ranked 
in ascending order of blood pressure and assigned alternately to test and 

control groups. The test rats were exposed to 3500 rads of x irradiation 

in a single dose to the spinal cord from C6-T2. This study is still in 

progress but it is evident thqt much younger rats will have to be used in 

the future because of the high death rate among these older animals due 

to complications of hypertension and pulmonary infections unrelated to 

radiation effect. The four rats in the test group that developed hind 

limb'paralysis were all from those with lower blood pressures; this may 
have been due only to the fact that such animals lived bng enough to 

develop the syndrome rather than implying that lower blood pressures 

promoted the syndrome. A better assessment was initiated using young 

animals with equal pressures from both the S and R strains. 

- 
One study on the effects of chronic consumption of processed baby 

foods was completed. The 25 test animals all developed hypertension 
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16. Technical Progress in M 1970: (Cont'd.) 

(avg. 180-190 mm Hg) and 12 died during the 8 months of observation. This 

was in contrast to the 15 controls, none of which died and the BP averaged 

141.3 mmHg at the end of the study. 

foods are made here, to half of which NaCl is added in a concentration 

approximating that of the processed foods. This means that there will be but 

one variable in the diet which control and test animals receive, overcoming 

one objection to the previous studies in which the controls received low salt 

rat chad whereas the test animals received processed baby foods. 

In a further study artificial baby 

The study of disturbances of carbohydrate metabolism in human hyper- 

tension is based on the thesis that there is an interrelationship among,' 

sodium, hypertension, and carbohydrate metabolism. This concept was ex- 

.2anded to include the thesis that there is a metabolic interrelationship 

among hypertension, diabetes, gout, obesity, and atherosclerosis. Proof 

of such a relationship might have the same consequences as did the unifi- 

cation of the collagen diseases. It is pertinent to note that whichever 

of these 5 diseases is used as the index disease, the other 4 are more 

commonly found in association with it than in the population at large. 

As a group, hypertensives here have an insulin response to an oral glucose 

tolerance test like that of late-onset diabetics, i.e., an elevation in 

peak and duration of the plasma insulin response. 

and fructose infusion significant elevation of plasma uric acid concentra- 

tion has been found in most hypertensives. It is suspected that nucleic 

acid metabolism is defective in the 5 disorders mentioned since elevation 

in ?lasma uric acid is common to all of them. 

17. Expected Results in FY 1971: 

After sodium restriction 

t 

Investigation of the medullary system of the kidneys in the two 

strains of rats will be initiated to study the role of the interstitial 
cells of the xenal medulla in the pathogenesis of experimental hypertension. 

The immediate goal will be to describe the histological appearance of the 

interstitial cells under different salt loads and correlate this with blood 

pressure and strain of rat. Subsequently the lipid substances present will 
be extracted, defined and their vasoactivity examined. 

If selective inbreeding of a Japanese strain of rats develops a 

colony of "spontaneouslyt' hypertensive rats comparative studies between 

the Japanese strain and the strains developed here will be undertaken. 

Selective inbreeding will be used also to develop substrains of the BNL 
rats using both strains with high and-low plasma cholesterol. 

substrains would be used in studies of the metabolic interrelationship 

between hypertension and atherosclerosis. 

These 

Studies on renal transplants between the two strains of rats will 
continue; also a series of studies of the renin-angiotensin system in rats. 

Continuation of several of the collaborative studies will be dependent on 

collaborative support. Collection of-data on hospitalized patients will 

continue for studies on disturbances of carbohydrate metabolism in human 

hyper tens ion. 

(See Continuation Sheet) 
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17. Expected Results in FY 1971: (Cont'd) 

It is hoped to complete the adrenal steroidogenesis study and 

initiate a study on adrenal transplant between strains. The current 

study of foods prepared here should be completed but may require re- 

checking. 

__ ~ 

18. Expected Results in Fy 1972: 

Studies will continue on genetic-environmental interactions in the 
pathogenesis of hypertensfon. 

rats will continue, 

Development of additional substrains of 

The elf-nical Ftudy of metabolic interrelationships among hypertensio?l 

atherosclerosis, gout, diabetes and obesity will be pursued and expanded 

by the consolidation into this activity of the studies reported in 

06-03-01-f. 

in diabetes and obesity will be explored. 

If adequate C-11 labeled compounds are available abnormalities 

3 

along with comparably labeled glucose-H-3, given to patients at the same 
time as glucose-C-14, it might be possible to evaluate hydrogen isotope 

effects in glucose metabolism by measuring conversion of tritium or 

deuterium to proximal metabolic products in which dilution would not be 

too high for deuterium measurement. Such products as glucuronic acid 

and ribose formed from glucose in the liver can be "trapped" by their 

complex with other agents which are excreted in the urine. 

aid interpretation of current metabolic studies with tritiated carbo- 

hydrates and also woula be pertinent to questions about toxicity of 

tritiun introduced into the biosphere by nuclear power reactors in 

the future. 

By including deuterated glucose (e. g., glucose-l-2H or glucose-6- H2) 

This would 

19, Description and Explanation of Major Materials, Equipment, and 

Subcontract Items: 

None. 

20, Proposed Obligations for Related Construction Projects, if any: 

Eio-Med Conjunct Facility. 
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5. Method of Reporting: 
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E. P. Cronkite 

Principal Investigator: 

E. P. Cronkite 
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From: To : 
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3 

A. D. Chanana 

9. Man-Years: 

D ire c t ,Plan- Y e ar s 

Scientific & Professional 

Other 

Guests & Res. Collaborators 

Total 

FY 1970 FY 1971 FY 1972 

2.0 - - 

10. Costs (In Thousands of Dollars): 

FY 1970 FY 1971 FY 1972 

Re search D iv is i on 
Hosp i ta 1 Div is ion 

Research Costs 

57 0 0 
23 0 0 
80 0 0 

11. Reactor Concept: 12. Materials: 
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Clinical Studies on Exocrine Pancreatic Insufficiency, 

Project Title: Vitamin B17 and Iron Ab~orptio~j 06-03-01-(c) 

13. Publications: 

Rubini, J.R., Matsui, K., and Rane, L. Blood proliferocytes in human 
,. - I. 

and animal malaria, Acta Haematol. (in press). ,/-: , I; 

14. Scope: 

The primary objective of the major studies in this activity has been 

the development of improved therapy for individuals with chronic malabsorption 

12. 
and deficiency of iron and Vitamin B 
enzymes, patients with chronic exocrine pancreatic insufficiency are unable 

to absorb fat and protein from their food which leads to chronic malnutrition 

and related complications. They have foul smelling bulky stools, painful 

disabilities, frequently become narcotic addicts, and require large quaAtities 

of the commercially available, unpalatable pancreatic extracts as replacement 

therapy. In the fast few years, Greene and Hirs of the BNL Biology Depart- 

ment, along with Clifford, Wass and Joel of the Medical Department have 

succeeded in preparing lyophilized bovine and porcine pancreatic juice 

estimated to be far superior to the commercial preparation of pancreatic 

jL.ice in the treatment of diseases listed above. In the BNL preparation, 

Greene et.al have found in addition to the recognizable pancreatic enzymes, 

several medium and low molecular weight fractions, whose presence and 

function, if any, have heretofore been unknown. 

Due to the lack of pancreatic 

In experimentally induced pancreatic exocrine insufficiency in dogs, 

In coliabora- 
the effectiveness of the BNL preparation was compared with commercial 

preparations and the BNL preparation shown to be superior. 

planned, 

tion with the,University of Kansas, clinical trials in human beings are < 

Factors regulating the absorption of vitamin B12 and iron are still 
poorly understood, Vitamin B12 is an essential substance required in the 

metabolism of all cells of the body. Its deficiency produces pernicious 

anemia. Using radio-cobalt-labeled vitamin B12, investigations of absorp- 

tion, excretion, daily requirement, and whole-body turnover of vitamin B12 

are made possible by the whole-body counter. Of particular interest, is 
the long-term metabolism of vitamin B12 and its redistribution in the 

various organs of the body. 

Iron is part of the hemoglobin molecule carried by red blood cells 

and is vital to oxygen transport throughout the body. Iron metabolism, 

with particular reference to iron absorption and retention, is also of 

considerable interest. Iron deficiency and overabundance may be signaled 

by iron absorption tests using the whole body counter. 

Abnormalities of iron metabolism and vitamin B12 absorption develop 

in chronic pancreatic insufficiency; therefore, these studies will be 

performed on patients prior to and during the course of therapy with the 

BNL lyophilized pancreatic preparation. Also, as the low molecular 

weight fractions of pancreatlc juice become available, their influence 

on the absorption of vitamin B12 and iron may be studied in animals. 
__ 

i 
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Clinical Studies on Exocrine Pancreatic Insufficiency, 

Project Tltle: Vitamin €313 and Iron Absorption 06-03-01-(~) 

15. Relationship to Other Projects: 

Collaborative studies on the pancreatic enzymes are carried on at 

the BNL Biology Department and with Dr. Arthur Klotz, University of Kansas 

Medical School. 

Several institutions in the United States and abroad are studying 

iron and B12 metabolism; however, currently, none have the unique capabili- 

ties of the BNL whole-body counter for determining rapid changes in the 

distribution of the radioactive tracer in the body. 

16. Technical Progress in FY 1970: 
\ 

& 

In the past 12 months pancreatic juice was collected from 8 pigs and 

3 cows and stored for future clinical and animal trials. Clinical studies 

have recently been initiated by Dr. Klotz at the University of Kansas. 

Studies at BNL were postponed, pending the availability of a gastroenterolo- 

gist. 

The necessary interfacing of the whole-body counter with the computer 

system has been achieved for analysis of rapid changes in distribution and 

retention of labeled test substances. Efforts in quantitation of redistri- 

bution of vitamin Bl2 after oral ingestion were initiated. One patient 

newly diagnosed to have pernicious anemia was tested. However, further 

work on standardization of methodology with vitamin B12 and iron was not 

accomplished due to shifts in personnel. 
t 

8 17. Expected Progress in FY 1971: 

Further studies in these areas cannot be carried out until budget 

permits employment of an additional clinical research physician. When 

studies are recommenced they will be reported in Budget Activity 06-02-OL-(b). 

18. Expected Results in FY 1972: 

Completed 

\ 

19. Description and Explanation of Major Materials, Equipment and Sub- 
contract Items: 

None 

20. Proposed Obligations for Related Construction Projects, if any: 

None 
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SCHEDULE 189 

ADDITIONAL EXPLANATION FOR OPERATING COSTS 

Brookhaven National Laboratory 

Lab or at ory 

O~-B~O~OEV & htedicine 
~ 

Program 

1. Contractor: Contract KO.: Task No.: 

Associated Universities, Inc. AT-30- 2-GEN- 16 

2. Project Title: 189 No.: 

Cancer and Other Clinical Research - Medical Research 06- 29 1 
Metabolic and Therapeutic Studies in Cancer 

.\ 

3. BudRet Activity No.: 4. Date Prepared: 

06-03-01- (d) May 1970 

5. Method of Reporting: ' 6. Working Location: 

BNL Annual Report Brookhaven National Laboratory 

BNL Monthly Letter to AEC 

Bulletin of the Medical Department 

7. Person in Charge: 8. Project Term: 

J. S. Robertson 

E. P. Cronkite 

Principal Investigator: 

H. L. Atkins J. L. Bateman 

E. P. Cronkite A. D. Chanana 

Continuing 

From: To: 

L. V. Hankes 
9. Man-Years : 

Direct Man-Ye ar s FY 1970 FY 1971 FY 1972 

Scientific & Professional 5.5 6.5 6.5 

Other 15.5 13.8 15.5 

Total 23 .O 20.3 22 .o 
Guests & Reg. Collaborators 2 .o - - 

10. Costs (In Thousands of Dollars): 
FY 1970 FY 1971 FY 1972 

Re s e a r c h D iv i s i on 

Hosp i t a 1 Div is i on 

Research Costs 

360 4 14 423 

90 69 107 

450 483 5 30 

11. Reactor Concept: 12. Materials: 

I I18852 
06-291 



Cancer and Other Clinical Research - Medical Research 
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13. Publications: 

Schiffer, L. M., Chanana, A. D., Cronkite, E. P., Greenberg, M. L., 
Rai, K. R., Stryckmans, P. A. and Vincent, P. C. L'irradiation extra- 

.. 'i- j corporelle du sang dans la leucenie lymphoide chronique. 

Franc. Hematol. - 8, No. 5, 691-700 (1968). 
Nouvelle Rev, 

Fairchild, R. G., Drew, R. M. and Atkins, H. L. The relative biological 

effect of 252Cf radiation on HeLa cells in culture. Radiology 93, No. 5, 
,/& 1187-9 (1969). 

Hankes, L. V., Brown, R R., Leklem, J. E. and Schmaeler, M. Metabolism 

-- - 3 of 

enantiomers. Proc. SOC. Exp. Biol. Med. (it, press:. \ 

D- and L-tryptophan-1a-Ci4 in rats and the effects of unlabeled 

t 

10 

' - ,Q-7 
Archambeau, J. 0. The effect of increasing exposures of the B(n) 

7Li on the skin of man. Radiology - 94, 179-87 (1970). 

Cronkite, E. P. Acute leukemia: is there a relationship between cell 

growth kinetics and response to cnemotherapy. 

Conference, American Cancer Society, National Cancer Institute, Denver, 

Colorado, September 1968 (in press). 

Proc. 6th National Cancer -;'' - 

LfY ;/ 
.// / Hankes, L. V., Leklem, J. E. , Brown, R. R., Mekel, R.C.P.M. 

Metabolism (in press). 

Abnormal 

tryptophan metabolism in human pellagra, 

Fairchild, R.G., Drew, R. M. and Atkins, H. L. 
various dose rates of 252Cf radiation on 'deb cells in culture. 

Dose rate effects for 
Radiology''/'/>L 

t 
(in press). 2 

Fairchild, R. G. Dosimetry of 252Cf. Proc. Symp. on 252Cf, New York 
-> City, October 1968, 3. J. Barker, Editor, pp. 277-84, Division of Technical 
/ 

Information, AEC, Conf. No. 681032, 1969. 

14. Scope: 

The common objective in the various studies carried on in this budget 
activity is improved Gnderstanding, diagnosis and treatment of cancer. 

Metabolic processes in selected cancer patients are studied. 

studies are aimed at defining advantages of various radiation sources. 

Dosimetric 

A primary interest is the evaluation of Californium-252 as a fission 
neutron source for interstitial radiotherapy. 

is great interest in the use of fast neutrons for treatment of malignancies 
in order to circumvent the hypoxic protective effect. 

darnge to normal tissue that can be produced with fast neutrons, however, 

extreme caution is used today in the evaluation of the radiobiological 

effects of neutrons; this is particularly true in the case of Californium 

252 (Cf-252), since almost no previous experience with continuous, pro- 
tracted neutron therapy exists. 

is to extend cellular level studies t0 normal tissues in animals and then to 

human tissues, 

Among radiott irapists there 

Because of the marked 

The plan to evaluate the effects of Cf-252 

Also, the physical character of the source is studied 

(See Continuation Sheet) 06-292 I I38653 
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Project Title: Metabolic and Therapeutic Studies in Cancer 06-03-01-ld) 

14. Scope: (Cont 'd, ) 

to gain experience in techniques which would make them more suitable for 
implant tht'3rapy. Cl~nical trials cannot yet be scheduled, (Atkins) 

Extracorporeal irradiation of blood (ECIB) provides a method to deplete 

the body of radiosensitive cells that circulate in the blood e.g., the 

lymphocytes and leukemic cells, without exposing the body directly to radia- 

tion or to radiomimetic drugs. Current studies are designed to observe the 

behavior of various types of human leukemia in a long-term follow-up of 

pz.tients through their periods of remi;sions and relapses. The clinical 

course of the disease is correlated with the status of proliferative activity 

of the leukemic cells, and the influence of conventional therapy both with 

and without ECIB is studied, 

Cell kinctic studies involve either the injection intravendsly of 

tritiated thymidine or of autologous lymphocytes labeled with tritiated 

cytidine, Samples of blood, bone marrow, and lymph nodes are obtained and 

pracessed for autoradiography (ARG) . Tritiated thymidine is incorporated 

only by ;hose cells which are in the stage of DNA synthesis. In a steady 

state equilibrium the generation time of a proliferative cell compartment 

which feeds cells into a nondividing compartment can be estimated from the 

labeling index of the nondividing compartment. By the rate of disappearance 

of tritiated-cytidine-labeled lymphocytes, estimates are made of the relative 

sizes of the two major populations of lymphocytes viz., one population which. 

is rapidly exchanging with the blood compartment and the other which is 

relatively fixed in the tissues. 
after ECIB. (Cronkite, Chanana) 

These parameters are measured before and 

The objective in another study is the labeling of the various 

tryptophan metabolites in different positions of their structure with 

carbon 14 in order to study their metabolic pathways in animals and in 

various human diseases. Tryptophan, an essential dietary amino acid, has 

been shown to produce ortho-amino-phenol-type compounds which can cause 

cancir in animal urinary bladders, 

with various types of cancer and other diseases the levels of a number of 
tryptophan urinary metabolites are significantly increased. 

normal metabolic pathway of tryptophan metabolism in man is of interest. 

The literature reports that in patients 

Thus the 

Tryptophan metabolites such as anthranilic acid, kynurenine, hydroxy- 

kynurenine and hydroxyanthranilic acid have been labeled with carbon 14 
and developed for the resolution of small quantities of the Dand L-isomers 

of kynurenine, hydroxykynurenine and tryptophan. The carbon-14 labeled 
tryptophan metabolites are studied in animals first and then in human beings 

with tumors, anemias, malaria, siderosis (scurvy) and pellagra. (Hankes) 

The study of hematopoietic activity in patients with disseminated 

disease secondary to mammary carcinoma who are receiving semi-intensive 

therapy with conventional alkylating agents or antimetabolites provides 

a unique opportunity to assay these perturbations in several cell-renewal 

systems. Erythropoiesis is of particular interest in that the antagonism 

- 
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Fro ject Title: Metabolic and Therapeutic Studies in Cancer 06-03-01- (d) 

14. Scope: (Cont'd.) 

of androgen to cytotoxic agent may be studied and quantitated. Although 

the major considerations in this investigation are of basic and physiolo- 

gical nature, information of clinical value is a by-product. (Bateman) 

15. Relationship to Other Projects: 

Activities related to the Cf-252 work are the production and developnent 

program for sources for medical and other uses at the Savannah River Labora- 

tory; also, determination of the physical parameters of Cf-252 emissions and 

evaluation of Cf-252 effects in small animals and tumor systems at M. D. 

Anderson Hospital. At present, only the former and BNL have Cf-252 for 

medical use, but this will change in the near future. It will be necessary 

for a number of institutions to collaborate in a clinical study for evalua- 
tion of therapeutic gains from Californium. ' (Atkins) 

Related collaborative studies on kinetics of leukemic cell prolifera- 
tion (with or without ECIB) are carried on by: S. A. Killmann, University 

of Copenhagen; H. Cottier, University of Bern; and P. Stryckmans, Institute 

Jules Bordet, Belgium. Other groups active in studies on cell prollferation 

or on effects of ECIB in human leukemia are Hayhoe and Field, England; 

Thomas, USPHS Hospital, Washington; and B. Barnes , Massachusetts General 

Hospital and Harvard Medical School. Efforts here will continue to provide 

leadership in kinetic studies of leukemia and treatment by ECIB without the 

risk of unnecessary duplication. (Cronkite, Chanana) 

Since tryptophan metabolites labeled with carbon 14 in various posi- 

tions of the benzene ring of the indole nucleus are generally unavailable 

due to difficulties encountered in their synthesis, studies with labeled 

laboratories includes studies by: C. Wagner at Vanderbilt University on 

tryptophan metabolice inhibition; Gholson at Oklahoma University on feed- 

back control mechanisms; Lardy at Wisconsin on tryptophan metabolite in- 

hibition of glycolysis; Altman at N. Y. Medical College on hormone effects 

or, tryptophan pyrrolase; and Miller at University of Rochester on induction 

of the tryptophan pyrrolase enzymes. 

compounds of this type are conducted only here. Related work in other 1 

(Hankes) 

16. Tectinical Progress in FY 1970: 

In the studies on evaluation of Cf-252, cell cultures were irradiated 

at two dose rates and with an acute exposure to fission neutrons. At dose 

rates of 9 and 6 radslhr, some cell division occurs but after correcting 

for this, the survival curves are identical to those obtained at 16 radslhr 

and with acute exposures tndicating no recovery of sublethal damage. 

Irradiation under anoxic conditions was finally achieved. Correcting 

for the fact that no cellular division occurs during the period of anoxia, 

the oxygen enhancement ratio (OER) is 1.3. 

Bean roots (Vicia faba) were irradiated in collaboration with Eric 
Hall of Columbia University. The OER in this system was 1.66. Pig skin 
irradiations were carried out with radium at 35 radsJhr and Californium at 

12-13 rads/hr. Skin tolerance was established at 8400 rads with radium 
- 
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Project Tit le : 

16. Technical Progress in FY 1970: (Cont'd) 

and 1725 rads with Californium, giving an RBE of 4.9. A computer program, 

developed for calculation of dose distributions with Californium and radium, 
yielded results very close to measured values. (At kins) 

Four patients with chronic lymphocytic leukemia (CLL) were studied follow- 

ing retransfusion of autologous lymphocytes labeled -- in vitro with tritiated 

cytidine, one patient before and after ECIB. ARG's on three are still in 

process, but results analyzed so far confirm earlier observations that there 

are two major populations of lymphocytes. One rapidly exchanges with the 

blood comparpnent and is 0.67 to 7.3 times the size of the circulating 

lyaphocytic pool; the other is a slowly exchanging or relatively fixed popu- 

lation of cells in lymphoid tissues. ECIB depletes the ceLls in the circulat- 

ing pool. Two patients in early stages of CLL were given ECIB f0-z 1.5 and 

4.5 months respectively with concomitant reduction in the total body lympho- 

cyte mass. They are being followed for long term assessment of improved 

survival and delayed onset of complications of CLL. 

4 tritiated thymidine i.v. flash-labeling study was done in one 

patient with CLL and initial results of ARG's indicate a somewhat slow 

proliferation rate of lymphocytes as seen by labeling indices in blood and 

bone marrow. Two patients with chronic myeloid leukemia (CML) were 

similarly studied; ARG's of their bone marrow and blood are still under 

review. One patient with idiopathic granulocytosis was studied with 

tritiated diisopropylfluorophosphate (DFP)-labeled granulocytes. The ARG's 
of in vitro studies on this patient show that the labeling intensity of the 

cells in blood and bone marrow, as judged by mean grain counts over granu- 

locytes, was equal. This indicates there is no overt difference in the L 

slides from in vivo studies are still in process. 

cells in the two compartments as was suspected after earlier work. The I 

-- 
Analysis of data on DNA synthesis the of blood and marrow myelocytes 

was delayed for studies on a few more patients. The number of patients 

with CLL treated with ECIB (along with conventional therapy) now totals 

seventeen; six are alive and under follow-up. The data on these seventeen 

patients show a better survival than observed with conventional treatment 

in another thirty-four patients. 

variable response to ECIB. The median survival time for seventeen acute 

leukemia patiefits treated with ECIB was eight months, which compares favor- 

ably with conventional chemotherapy. 

available during the past year for lymphocyte kinetic studies following 

extracorporeal irradiation of lymph. Technical preparations are in 
readiness for the first suitable patient. (Cronkite, Chanana) 

The six patients with CML have shown 

No suitable patient with CLL was 

In the tryptophan metabolite studies) the administration of L-trypto- 

phan-7a-I4C to a rat after a load of 3-hydroxyanthranilic acid produced 

a component in the urine which contains the majority of the urinary 

activity, Further studies with other labeled tryptophan metabolites have 

now made it possible to bracket the part of the tryptophan metabolite 

pathway involving this unidentified component, Sufficient quantities of 

- 
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Proiect Title: Metabolic and Therapeutic Studies in Cancer 06-03-01-(d) 

16. Technical Prcgress in FY 1970: (Cont'd.) 

this material must be accumulated in order to isolate and identify it. 

In a study with carboxyl labeled 3-hydroxyanthranilic acid in man, 

80% of the activity excreted in the urine appears as three main radioactive 

components with similar Rfs on autoradiographs of chromatographs of the 

urines. Sufficient quantitites of urine containing these components were 
not available for the isolation and identification of these components. 

Wcrk on the study 3f the metabolism of I-inositol-C-14 in pentosuric 

patients in South Africa continued with the labeled compounds involved in 

the metabolism of I-inositol to L-xyulose in man being isolated from the 

urine of a patient studied last year. A study of carbon-14 labeled trypto- 
phan, kynurenine and hydroxykynurenine in patients was conducted at the F. 

W. Verwoord Hospital in Pretoria, South Africa. 

active in the South African mining industries and with histories of silicosis 

and scleroderma. Blood and urine samples were brought back to Brookhaven 
for analysis. Urines were also obtained from South African patients with 

scurvy and pellagra, 

The patients we& men 

The resolution of small quantities of the Labeled tryptophan related 

compounds into the D- and L-isomers on six foot long - four inch diameter 

paper pulp columns was continued in order to provide material for animal 

and human studies . ( Hanke s ) 

In the studies on patients with disseminated disease secondary to 
mammary carcinoma, slit lamp biomicroscopic examinations of the optic 

lenses were performed periodically on the current patients. One patient 
rezently deceased had an incidence of opacities far above normal for her 

age, after being treated with cytotoxic agents for over three years, 
second patient, treated for three years, has twice the number of opacities 
carnpared to "normals" Gf her age. A third patient, treated for only 

eighteen months, has the anticipated incidence of opacities for her age. 

' 

A 

. 

Slit-lamp biomicroscopic examinations of mice who received a 30 day 

LD 75% dose of triethylene thiophosphoramide, one of the agents employed 

frequently in patients, showed substantially more opacities than control 

mice by eight weeks, and approximately the effect which would have been 
produced by 300-400 rads of 250 kVp x rays. A 30 day LD-25% dose of fluor- 

uracil (5-FU) produced no detectable effect out to 18 weeks post treatment. 

Clinical findings of note in the series of metastatic patients 

treated primarily with cytoxic agents include repeatedly confirmed objec- 
tive improvement in 22 of 32 cases (69%). Survival of patients at con- 

secutive yearly intervals after (0) the date of diagnosis of metastasis 

has been, for objective responders/nonresponders (0) 19/9, (1) 16/6, 

(2) 12/4, (3) 6/0, (4) 3/0, (5) 1/0. 

results of others reported in the literature. 

These results compare favorably with 
(Bateman) 

(See Continuation Sheet) 06-296 
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17. Expected Results in FY 1971: 

Studies on the evaluation of Californium 252 will include: further 

cell culture studies with Chinese hamster cells, additional pig skin 

irradiations with different dose rates, histological assessment of changes 

made, and long-term observations for late changes. Irradiation of dog 

bowel and bladder for evaluation of tolerance levels will be performed. 

Skin reactions at lower levels of irradiation may be carried out on human 
beings. (Atkins) 

Previous work on chronic lymphocytic leukemia (CLL) indicated that 

ECIB might be of benefit to patients in the early stages of the disease, 

Efforts will continue to treat early cases with ECIB to reduce the total 

body lymphoid mass. These patients will then be followed for long periods 

to observe if their overall survival is longer than the patients treated by 

conventional methods. As suitable patients with CLL are available, treat- 

men; by depleting the lymphocytes by extracorporeal irradiation of thoracic 

duct lymph (ECIL) will be attempted in conjunction with lymphocyte kinetic 

studies prior to and following such treatment to observe if the population 

of cells influenced by ECIL is different from the ones depleted by ECIB. 

The therapeutic effectiveness of the two measures will be compared. 

Recent work in Cambridge, England, has shown that in acute leukemia 
ECIB apparently Causes a marked increase in the number of cells in active 

proliferation. The drugs which are most effective in cancer chemotherapy 

act by their ability to attack only the proliferating cells. 

results will be checked in patients here and if confirmed, these patients 

will be given chemotherapy immediately after ECIB with the hope of achiev- 

ing improved therapeutic results. A similar collaborative study in child- 

hood leukemia is being planned with Alvin Mauer, Children's Hospital, 
Cincinnati. (Cronkite, Chanana) 

The Cambridge 

Urines collected from pellagra patients given loads of L-tryptophan 

0: kynurenine and vitamin B6 will be analyzed for kynurenine, acetyl- 

kynurenine, 3-hydroxykynurenineJ o-amino-hippuric acid, anthranilic acid 
glucuronide, Indican, kynurenic acid, xanthurenic acid, quinolinic acid 

and nicotinic acid. 'The excretion of some components should be abnormal 

and the analyses may provide sufficient information to determine whether 

the abnormalities are the result of a stress-induced increase in the 
activity of tryptophan pyrrolase, a lack of feedback control of this 

enzyme by low tissue pyridine nucleotides, a concomitant deficiency of 

vitamin 86, estrogen imbalance, or combinations of these factors known to 

alter tryptophan metabolism. 

tion of C-14 labeled components from the urines obtained from the 

pellagrins, 

Further progress is expected in the isola- 

Study of the influence of metabolism of one isomer on the metabolism 

of the other in rats, guinea pigs, cats and human beings will continue and 

hopefully enhance the interpretation of data obtained with DL-tryptophan 
in animals and man. - 
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project Title: Metabolic and Therapeutic Studies in Cancer 06-OS-01-jd) 

17. Expected Results in FY 1971: (Cont'd.) 

Work on the metabolism of I-inositol to L-xylulose in human beings 
should be completed. (Hankes) 

Effort will continue to quantitate the antagonistic relation of 

cytotoxic agents to androgens for erythropoiesis, and to further document 

an apparent differential in erythrostimulatory effectiveness of fluoxy- 

inesterone from different sources. Slit-lamp biomicroscopic lens examina- 

tions will be conducted at .nore frequent intervals on the patients, to 

clarify the incidence of minute discrete subcapsular opacities observed 

witi- that expected for their age specific normal counterparts. (Bateman) 
1 

18. Expected Results in FY 1972: 

Long-term evaluation of pig skin irradiation will be continued. 

Irradiation of metastatic lesions in lymph nodes and skin lesions will be 

carried out to develop techniques and to observe biological effects. Hope- 

fully, clinical trials may be initiated with a collaborating institute. 
(At kins) 

The studies on leukemic cell proliferation and use of ECIB are ex- 

pected to continue. Patients previously treated will be followed on a 

long-term basis; selection of patients for present and proposed studies 

and experimental therapy will depend upon the yearly reevaluation of results 
accumulated. (Cronkite, Chanana) 

Study of tryptophan metabolism in scleroderma, scurvy, pellagra, 

malaria, anemias and other related diseases will continue. The isolation 

and eventual identification of a few of the unknown urinary tryptophan 

metaboiites mentianed previously should provide critical information con- 

cerning the metabolism of this essential amino acid in disease states and 
determine the course of new studies. (Hanke s) 

19. Description and Explanation of Major Materials, Equipment. and Sub- 
contract I tems : 

Scanning equipmeht support described in Budget Activity 06-02-01-(b) 
is desired also for some studies planned in this activity. (At kins) 

20. Proposed Obligations for Related Construction Projects, if any: 

Bio-Med conjunct facility. 
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ADDITIONAL EXPLilKATION FOR OPERATIXG COSTS 

B rookh av en Na t i ona 1 1,ab ora t ory 

Laboratory 

06-Riolo~v & Ne(licine 

Program 

1. Contractor: Contract No.: Task No. : 

Associated Universities, Inc. AT- 30- 2-GEN- 16 

2. Project Title: 189 KO, : 

06-299 Cancer and Other Clinical Research - Medical Research 

Extracorporeal Irradiation of Blood and Lymph in the Study 

of Lymphopoiesis and Homotransplantation .\ 

I 

3. Budget Activity No.: 4. Date Prepared: 

06-03-01- (e) May 1970 

5. Method of Reporting: 

BNL Annual Report 

BNL Monthly Letter to AEC 

Bulletin of the Medical Department 

6. Working Location: 

Brookhaven National Laboratory 

7. Person in Charge: 8. Project Term: 

E. P. Cronkite Continuing 

Principal Investigator: 

E. P. Cronkite 

A. D. Chanana 

From: To : 

D. D. Joel 

9. Man-Years: 

Direct Man-Years 

Scientific & Professional 

Other 

Guests & Res. Collaborators 

Total 

FY 1970 FY 1971 FY 1972 

4.2 2.8 4.5 

9.7 12.6 15.6 

1.6 1.5 2.4 

15.5 16.9 22.5 

lo. Costs (Jn Thousands of Dollars): 

FY 1970 FY 1971 FY 1972 

Research Division 

Hospital Division 

Research Costs 

380 328 432 

45 52 88 

425 380 5 20 

11. Reactor Concept: 12. Materials: 
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Extracorporeal Irradiation of Blood and Lymph in the Stlldy 
?ro'ect T:.tle: of Lymphopoiesis and Hu~otracs~~l~n=at:on 06-03-C1-(e) 

13. Publications: 
- 

Cronkite, E. P. The study of lymphopoiesis utilizing extracorporeal 

' .> 
irradiation of the blocld and lymph. Progress in Clinical Cancer, Irving 

Ariel, M. D., Editor, pp. 118-132, Grune & Stratton, New York, 1969. 

Chanana, A. D., Cronkite, E. P. ,.Joel, D. D., Sipe, C. R. Influence 

of thymectomy and extracorporeal irradiation of blood upon blood lymphocytes 

in goats. PresenEed at the 53rd Annual Meeting, Federation of American 

Societies for Experimental Biology, Atlantic City, New Jersey, April 1969. 

Iorio, R. J., Ciianana, A. D., Cronkite, E. P. and Joel, D. D. Studles 

on lymphocytes XVI: distributron of bovine thyrnlc lymphocytes in the spleen 

and lymph nodes. Cell and Tissue Kinetics (in press). 

Okuyama, S., Aronson, R. B., Chanana, A. D., Cronkite, E. P., Rai, K.R., 

and Schiffer, L. M. Attempts at isolation of lymphocytosis producing 

factor from supernatant fluids of bordetella pertussis cultures. Proc. Soc. 
Erp. Biol. Pied. 133, 723-7 (1970). .L -,' - 

Ruchti, C., Cottier, H., Cronkite, E. P., Jansen, C. R. and Rai, K. R. 

Studies on lymphocytes. XvII. differential lymphocyte depletion in lympho- 

reticular organs of the calf during continuous extracorporeal x-irradiation 

of the circulating blood. Cell and Tissue Kinetics (in press). !d ,, ' 

Cottier, H., Ruchti, C., Sordat, B. and Cronkite, E. P. Irradiation 

extra-corporelle du sang circulant: moyens d'etude des circulation et 

recisculation lymphocytaires chez le veau. Nouvelle Rev. Franc. Hematol. 
I- 

, LL 

- 8, NO. 5, 679-84 (1968). 

14. Scope: 

There are two primary objectives in these studies: ciaracterization of 

the kinetic model of lymphocytopoiesis leading to an understanding of the 

anomolous cell proliferation in certain human diseases and the development 

of methods useful in preventing rejection of allografts or in treating re- 
jection episodes. 

DKA and RNA labeling with tritiated purines and pyrimidines, and 

extracorporeal irradiation of blood (ECIB) and lymph (ECIL) in experimental 

animals are used In characterizing the kinetic model of lymphocyropoiesis. 

The labeling of 1;rmphocytes can be carried out in the whole body, in single 

organs, or in vitro. Their subsequent behavior can then be followed within 

the animal or in the recipient after cross circulation of allogeneic or 

syngeneic labeled cells. These techniques are exploited in order to: 

estimate cell cycle times of various class of lymphocytes; study the in- 

fluence of peripheral lymphocyte depletion (in blood and/or lymph) on cell 

cycle times and cell proliferation rates; measure cell production in and 

cell migration from individual lymphoid organs such as the bone marrow, 

spleen, and the thymus; characterize the mechanism of lymphocytosis pro- 

duced by agents such as heparin and - B: pertussis; and study the recircula- 

ting capacity of allogeneic and syngeneic lymphocytes. 

-- 
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There is considerable evidence that the thymus regulates, at least in 

part, the size of the circulating pool of lymphocytes. The influence of 

thymectomy upon the sizes of the various lymphocyte pools utilizing isotope 

dilution and depletion methods (ECIB/ECIL) is studied. The inter-relationship 

between the thymus and the bone marrow, with particular reference to the 

interactions of bone marrow and thymus lymphocytes in immunological reactions, 

is investigated, utilizing the techniques of regional organ perfusion by 

radioactive isotopes. Similar techniques are used to study lymph node and 

splenic lymphocytopoiesis. 

A continuing effort is made to develop a tissue culture chamber that 
This sysiern is nourished extracorporeally by flowing blood andlor lymph. 

is desygned to eliminate the need for synthetic culture media and thus pro- 

vide a more physiological environment for the cell growth. Lymphocytes and 

HeLa cells will grow in this chamber when nourished by lymph alone. When 

perfected, the system is expected to offer opportunities for studying the 

differentiation of hematopoietic stem cells and the influence of humoral 

factors upon cell differentiation in immunological reactions. Work on an 

extension of such a culture system assembly incorporating extracorporeal 

oxygenation and perfusion has been initiated. 

ex-vivo culture system should be more suitable for clinical studies, in 

particular, the potentials of hemapoietic stem cells in various disease 

states such as aplastic anemias. 

This modified version of the 

-- 

The CCIB and ECIL techniques to deplete the body of radiosensitive 

lymphocytes that circulate in the blood and lymph are used in conjunction 

with cell labeling techniques to study in detail the kinetics of lympho- 

cyLe production, migration, life span, and to acquire information on the 

regulation of normal lymphocytopoiesis. 

Depletion of lymphocytes from the body leads to the possibility of 

testing whether this depletion is useful in suppressing immunological 

responses to allografted tissues and organs. 

an opportunity of direct study of the influence of ECIL on immunologically 

activated lymphocytes and to trace the cellular pathways during immuno- 

logical reactions to skin allografts. Prolonged repetitive ECIB can 

produce profound and sustained lymphocytopenia, prior to and following 

allotransplantation. From the results obtained with skin and kidney 

allografts, it appears that the level of blood lymphocytopenia is not the 

only important factor in preventiryn of allograft rejection. 

ECIB sessions were restricted to a time required to radiate blood 

equivalent to five blood volumes because of the danger of exessive radi- 

ation damage to erythrocytes. 

the influence of ECIB, longer daily sessions are desirable. This 

necessitates a reduction in the transit dose. Thus studies with low 
transit dose ECIB and renal transplantation in goats have been initiated. 

Regional ECIL has afforded 

The daily 

In order to bring more lymphocytes under 
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Effectiveness of ECIB and ECIL would be greatly enhanced for the 

purpose of immunosuppression and trhe therapy of lymphocytic leukemia were 

it possible to mobilize a greater than normal number of tissue lymphocytes 

into the blood stream. Studies to understand the mechanism of action of 

- B. pertussis induced lymphocytosis are continuing in calves and goats. The 

toxic;.ty associated witn B. pertussis precludes its clinical use at this 

time. Thus, work continues on the separation of nontoxic lymphocytosis 

promoting factor from B. pertussis, utilizing techniques of column chroma- 

tography and using mice for the bioassay of various fractions obtained. 

Study of the regulation of lymphocytopoiesis is pursued with the develog- 

ment of techniques to study the proliferation within each lymphoid orghn, 

the interchange between organs, and the size of lymphocyte pools. 

15. Relationship to Other Projects: 

Studies on cell proliferation utilizing tritiated pyrimidines were 

initiated at Brookhaven National Laboratory. Some of the units with 

special interest in this type of work are: The University of Ulm (Germany), 

Royal Cancer Institute (England), National Institotes of Health (U.S.A.), 

Jules Bordet Institute (Belgium), The University of Bern (Switzerland), 

the University of Copenhagen (Denmark), the University of California (Los 

Angeles and San Francisco). Extracorporeal irradiation of the blood and 

lymph, also developed at Brookhaven, is now carried on at the University of 

Washington (Seattle), Peter Bent Brigham Hospital (Boston), Massachusetts 

General Hospital (Bostor.), Medical College of Virginia, The University of 

Copenhagen (Denmark), The University of California (Los Angeles), French 

Atomic Energy Establishment (Grenoble), South African Atomic Energy Board 

(Pretoria), Royal Cancer Hospital (Surrey, England), Holt Radium Institute 

(Manchester, U.K.), Addenbrooks Hospital (Cambridge, England), The Univer- 

sity of &teberg(Sweden). 

term intra-arterial perfusion of single organs with radioactive isotopes 

or in the study of the combined effect of ECIBIECIL and lymphocytosis 
producing factors. 

No other unit is known to be engaged in the long- 

16. Technical Progress in FY 1970: 

. Renal transplantation was carried out in 30 goats. Control recipients 

survived from 15 to 18 days. The survival time of goats receiving high 

transit dose, pretransplant ECIB, ranged from 14 to 24 days. When low 

transit dose ECIB was initiated, the survival time in 3 goats receiving low 

transit dose ECIB (40-50 rads) ranged from 25 to 55 days. These early 

results are encouraging and more studies with various schedules of low 

transit dose ECIB are planned. Three lines of evidence urge further trials 

of ECIB in renal transplantation: (1) results with regional ECIL show the 

capability of this procedure to inactivate specific lymphocytes involved 

in allograft rejection; (2) results of the group at University of Copenhagen, 

Denmark, show effectiveness of ECIB as an adjunct to standard immunosuppres- 

sive therapy--( this group has shown that ECIB markedly reduces rejection 

episodes in human renal allotransplant recipients when there is good donor- 

recipient histocompatibility matching); (3) as mentioned above, initial 
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results here with low transit dose ECIB in goat renal allotransplants 

showed extended survival time. 

Lymphocytotoxins were measured in 28 goats following renal allo- 

transplantation. Some of these goats received ECIB or ECIB and 6 MP. So 

far there has been no significant correlation detected between the renal 

allotransplant rejection time and the appearance of lymphocytotoxins in 

these goats. 

During the past year several experiments were carried out with an 

ex-vivo chamber. Technical features were modified to permit the chamber to 

serve as a reliable culture environment. One of the chief objects in the 

current series has been to establish the usefulness of the system for 

studies concerned with cell interaction in circumstances mimicking those 

in transplantation studies. HeLa was chosen as a convenient target cell 

to pose an immunological challenge to lymphocytes in culture. Character- 

istics of HeLa cell growth were followed for 40 to 100 hours. Additionally 

the mutual response of HeLa and calf thoracic duct lymphocytes grown with- 

in the same chamber space were observed. After 96 hours, the last 48 of 

which were spent in the presence of host lymphocytes, HeLa population is 
vigorous though showing patches of cell destruction not seen in the control 

chambers (HeLa not exposed to lymphocytes). 

Additional information about the influence of ECIB on lymphoreticular 
tissues was obtained by planimtric and test point analysis. The differ- 

ential loss of lymphocytes from separate area of the spleen, lymph nodes 

and the thymus of calves, as compared to that from blood and the thoracic 

duct lymph was analyzed. 

tinuous ECIB, followed an exponential function with at least two components. 

These two components are thought to reflect the easily mobilizable and 

less easily mobilizable pools of tissue lymphocytes. Elimination of 

easily mobilizable pool of lymphocytes by continuous ECIB from all tissues 

studied was observed within 10 to 15 hours, indicating that the rate of 

exchange with blood is similar for this group of cells in various lympho- 

reticular tissues. .The ratio of readily mobilizable to less readily 

mobilizabl’e pools of lymphocytes, however, varies in different organs. 

Fifteen goats were utilized to study the influence of ECIB or ECIB/Pertussis 

on blood and tissue lymphocyte depletion. Five goats received ECIB alone 

and ten goats received ECIB and Pertussis. Preliminary analysis of the 

data suggests a greater lymphoid tissue depletion in the combination 
treated animals. 

The degree of depletion with time during con- 

Calves with thoracic duct cannulation or single node efferent 

lymphatic cannulation were used to study the mode of action of the 

lymphocytosis promoting factor of pertussis. In conjunction with these 

studies, in vitro labeling of lymphocytes was carried out to detect any 

concomitant change in the cell cycle time. The results suggest that the 
-- 

! 
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16. Technical Progress in FY 1970: (Cont'd.) 
- 

early phase of blood lymphocytosis is due to an increased mobilization 

of lymphocytes from the lymphoid organs followed by an inhibition of re- 
circulation of blood lymphocytes which helps to sustain the lymphocytosis. 

A mouse bioassay system was used in attempts to isolate a nontoxic 

lymphocytosis promoting factor (LPF) from B. Pertussis. A partial success 

was achieved in separating LPF from the histamine sensitizing factor, the 

hypoglycemia inducing factor and the lethal factor. Using a coiubination 

of Sephadex G 10 and Bio Gel P 100 column chromatography, a fraction was 

obtained which retained its LPF but lost lethal and hypoglycemia inducing 

factors and partially lost the histamine sensitizing factor. Results,?eem 

to confirm the hypothesis of Bergman and Munoz that histamine sensitivity 

following pertussis is not due to hypoglycemia -- per se. In contrast to 

the findings of Morse and Bray, results here clearly showed a dose response 

effect. Kalpaktsoglou et a1 have suggested that B. pertussis mobilized 

thymic lymphocytes and findings here of thymic we-ght loss with peripheral 

lymphocytosis are compatible with such a hypothesis. 

-- 

During the last year 18 additional calves were utilized to study 

the lymphocytopoiesis in lymph nodes, the thymus and the spleen. The 

technique of 1-ong-term intra-arterial radioisotope infusion was employed. 

Eight calves received intra-arterial thymic perfusion, three calves re- 

Geived i.v. perfusion, and six calves received intra-arterial lymph node 

perfusion. Recently one calf has been studied with splenic infusion. 

Analyses of radioautographs are incomplete but the following information 

was obtained from these studies: (1) whereas newly synthesized thymic 

lymphocytes migrate via the veins and efferent lymphatics, the newly 

synthesized lymph node lymphocytes migrate via the efferent lymphatics and 

not via the veins; (2 ) the highest numbers of the thymic migrants are 

seen in the paracortical areas of the lymph nodes and the loose white pulp 

of the spleen; (3) the thymic migrants are also seen in the "non-thymic 

dependent areas'' of the lymph nodes and the spleen; (4) thymus migrants 

are not seen in the bone marrow; (5) since thymic migrants are seen in 

the thoracic duct lymph, these cells must have recirculating capability. 

Studies with thymus specific antigen, utilizing the techniques of 

indirect immunofluorescence confirmed the migration of thymic lymphocytes 

via the veins and lymphatics. Within the thymus, the expression of 

thymus specific antigen is inversely related to the cell diameter and 

the expression of histocompatibility antigen. These results suggest 

that the differentiation of thymic lymphocytes from a thymic state to a 

peripheral state occurs in a very brief period immediately before or 
. after they leave the thymus. 

Studies on the relationship of the thymus to lymphocyte prolifera- 

tion and transplantation immunology were continued. 

time for the disappearance of small lymphocytes from the blood of 

thymectomized goats was 60 weeks. EGIB induced a greater and more 

The estimated half- 
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pronounced lymphocytopenia in thymectomized goats than in control anima. 

Surgical procedures (thymectomy, sham thymectomy, splenectomy and thymec 

sham splenectomy and sham thymectomy), were carried out at the age of 12 
weeks. Follow-up has included blood counts, weight gain, blood lymphocyt 

sizing, in vitro response to PKA of blood lymphocytes, lymph node biopsies 

and general clinical condition; some of the goats have been followed up to 

64 weeks. Excepting for some depression in the blood lymphocyte levels in 

thymectomized goats, no other clinically deleterious Effects of thymectomy 

have been observed so far. 

-- 

Recirculating capabilities of allogeneic lymphocytes were investigated 

in two sets of experiments in calves. 

thymidine. The results of the first experiment indicate that the allo- 
geneic lymphocytes cannot recirculate in a previously sensitized, specific 
rec i pient . 

Lymphocytes were labeled with tri,ciated 

During the past year, while carrying out ECIB in goats, it became 

obvious that the goat erythrocytes were more radiosensitive than human or 

bovine erythrocytes. 

cyte radiosensitivity had been done in the earlier years to plan the ECTB 
schedules. It now became necessary to look into the radiosensitivity of 

goat erythrocytes for better planning of ECIB schedules. 

studies have been completed in six goats. Cr-51 tagged RBC'S, which had 

been irradiated in vitro were used. Goat RBC's were exposed to 20,000, 
50,000, or 75,000 rads. 

that both the osmotic fragility and red cell survival are reduced at 

lower dose of radiation as compared to bovine and human erythrocytes. 

A thorough investigation of human and bovine erythro- 

Preliminary 

-- 
Preliminary results of this investigation reveal 

The collaborative study with the Meadowbrook Hospital concerning the 

role of ECIB in human transplantation was not initiated because of delays 

in opening the human transplantation unit at Meadowbrook. 

One study with continuous centrifugation of calf thoracic duct 

lymph was carried out. 

similar to that achieved by continuous ECIL in calves. 

were curtailed due td lack of technical help. 

The blood and lymph lymphocyte depletion was 
Further studies 

17. Expected Results in FY 1971: 

Studies with low transit dtlse ECIB in goat renal transplantation will 

be extended and hopefully completed. 

Definitive studies will be commenced on those goats that were thymec- 
Collaborative work with Meadowbrook tomized during the last three years. 

Hospital dependent upon the establishment of their renal transplantation 

unit should be initiated. A renal hemodialysis unit has now been function- 
ing at that hospital for about two years. 
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Studies on the radiosensitivity of goat erythrocytes and on the in- 

fluence of combined therapy with ECIB and pertussin will be completed. 

Ten liters of pertussin supernatantam being supplied by courtesy of 

Eli Lilly Company. Thus, attempts to separate a clinically useful, non- 

toxic lymphocytosis producing factor will continue; mice will be used for 

bioassay. 

More definitive exwriments are planned for use of the -- ex-vivo culture 

system. It is hoped that the -- in-vitro culture chamber incorporating the 

extracorporeal oxygenation system will be ready for preliminary trials: 

Three experiments concerning the lymphocyte pools and the recirculating 

capacity of allogeneic and syngeneic lymphocytes should be completed. 

It is hoped to concentrate on the following aspects of thymic lympho- 

poiesis: duration of life of the thymic migrants, and migration of thymic 

migrants to Peyer's patch. It is hoped also that further work will throw 

definitive light on the absence or presence of "direct entry" lymph node 

lymphocytes. It is planned to extend studies on regional perfusion of 

spleen in calves and these studies will be supplemented by investigations 

into the marrow as part of the overall emphasis upon characterization of 

the kinetic patterns of lymphocytes. 

Trials of a beta irradiator to define the potential usefulness of 

this machine for clinical purposes should be completed. Calf ECIL and 

goat ECIB will continue In efforts to work out a better method for the 

dose calculation with beta irradiators. 

Further work on continuous centrifugation of the thoracic duct 

lymph will depend upon the availability of scientific and technical 

support. 

18. Expected Results in FY 1972: 

Studies should.continue based upon the findings obtained in the 

previous year. The studies on thymic and lymph node lymphocyte production 

and migratory patterns will be supplemented by .the investigations into the 

bone marrow and splenic lymphocytes. 

A major activity is expected to be the work in -- ex-vivo culture chamber 

and in-vitro culture chamber with extracorporeal oxygenation for studying 

the immunological reactions and the reactivity of hemopoietic cells. 
-- 

Definitive studies on thymectomized goats are planned for completion. 

It is hoped that most of the work on the attempted isolation of nontoxic 

lymphocytosis producing factor from - B. pertussis also will be completed. 
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Depending upon the level of scientific and technical help available 

it is hoped to start studies on the concentration of lymphocytotoxins and 

the role of these humoral antibodies in immunological enhancement. 

order to better understand the role of single lymph node in immunological 

responses, it is expected to initiate studies with horseradish peroxidase 

as an antigen. 

In 

19. Description and Explanation of Major Materials, Equipment and Sub- 

contract Items: 

It is anticipated that development of more sophisticated -- ex vivo and 

-- in vitro culture systems will cost approximately $20,000 in FY 1971 and 

$10,000 in FY 1972. Purchase of two beta irradiators ($8,000) is also 
planned. 

20. Froposed Obligations for Related Construction Projects, if any: 

Bio-Med conjunct facility 1 
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W. W. Shreeve 
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W. W. Shrkeve 

1 From: To : 
Effort will be consolidated with 

studies in 06-03-01-(b) in 

FY 1972. 

9. Plan-Years: 

Direct Elan-Years 

Scientific & Professional 

Other 

Guests h Res. Collaborators 

Total 

FY 1970 FY 1971 FY 1972 

2.0 1.2 
5 .O 9.6 

- 
- 

- - - 

7 .O 10.8 - 

10. Costs (In Thousands of Dollars): 

FY 1970 PY 1971 FY 1972 

Research Division 

Hospital Division 

Research Costs 

120 78 0 
65 14 2 0 

185 220 0 

11. Reactor Concept: 12. Materials: 
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13. Publicat ions : 

Hoshi, M. and Shreeve, W. W. Chronic effects of mannoheptulose in . 
/;L/yy 

hyperglycaemic-obese mice. Metabolism - 18, So. 5, 422-6 (1969). 

:Amdin, E., Shreeve, W, W., Slavinski, R. H. and Oji, N. Biosynthe is 

Succinate-2,3-.3H-2, 3- C, and DL-I~ocitrate-2-~H-5, 6-'4C. Biochemistry, - 8, 

Hostetler, K. Y.,Williams, H. R., Shreeve, W. W. and Landau, B. R. 

of fatty acids in obefz mice in vivo. 11. Studies with DL-Malate-2- 3 H- 18, , ;', , < 
i ., -- -- 

3325-31 (1969). 

,rI 5 
Conversion of specifically 14C-labeled lactate and pyruvate to glucose in 131~ 
man. J. Biol. Chem. 244, No. 8, 2075-7 (1969). - \ 

b 

14. Scope: 

The studies in this activity have as their broad objective, the 

better understanding of the interconversion and metabolic pathways of 

carbohydrates and fats. To this end, investigations are carried on in 

experimental animals and in human beings. Currently, emphasis is placed 

on diagndsis of early or pre-diabetic states in human beings by testing 

rates of oxidation of glucose-1-C-14 and galactose-1-C-14 when administered 

orally, as in clinical carbohydrate tolerance tests. Also, the differences 

among glucose, fructose, and sucrose in their lipogenic potential is under 

investigation with carbon-14-labeled sugars in normal rats preliminary to 

studies in human beings. These studies help to clarify mechanisms of 

susceptibility to hyperlipemia and hyperinsulinism as affected by different ~ 

diets. Since certain oral contraceptive steroids also predispose to abnormal 

fat and carbohydrate metabolism, the interaction of dietary changes with 

different contraceptive regimens is of interest and studied in some obese 

or hyperlipemic patients. 

-- in vitro (isolated pancreatic islet) are examined and correlated with 

disturbances of fat and carbohydrate metabolism. 

Abnormalities of insulin production -- in vivo and 

The metabolic pathways and rates of utilization and interconversion 

of carbohydrates and fats are studied mainly with the aid of the radio- 

active tracers, carbon 14 (c-14) and tritium (H-3). Various abnormalities 

in endocrine diseave and upon manipulation of hormonal influences in human 

beings and animals are investigated. Diabetes, obesity, acromegaly, and 

hyperadrenal cortical function are the conditions of particular interest. 

In all of these conditi-on:; the question of abnormal increase of 

hepatic gluconeogenesis is explored with the aid of C-14 and H-3-labeled 

precursors (lactate, pyruvate, glycerol, malate, etc.). Also, the extent 

and nature of deficiency of. oxidation of these intermedicate carbohydrates 

and of glucose and other mono- and di-saccharides are investigated by 

analysis of 14C02 and 3HOH in the body water. These studies are done with 

human subjects, with rats -- in vivo, and with perfused rat liver. 
studies with labeled compounds are concerned with lipogenesis in liver and 

other sites. The effects of nutritional variations and of drugs affecting 

Other 

- 

I I13810 (See Continuation Sheet) 06-309 



Cancer and Other Clinical Research - Medical Research 

The Effects of Hormones, Drugs, and Nutritional Changes on the 

project ~itl~: In~ermediary Metabolism of Carbohvdrates and Lipids 06-03-01-(f) 

14. Scope: (Cont'd) 

endocrines and intermediary metabolism are further examined for diagnostic 

application and implications for therapy. 

15. Relationship to Other Pro jec ts : 
- 

Related studies at BNL include those of Steele in the Biology Department 

and Dah1 in the Medical Department. Dr. Steele's work on plasma glucose and 

lipid turnover in dogs using C-14-labeled glucose and lipids with effects of 

insulin and growth hormone has been related to some of the work with human 

subjects, but uses different technical approaches. Dr. Dah1 has done some 

studies in hypertensive patients with glucose and fructose tolerance and qon- 

comitant insulin production (and hyperuricemia), which have indicated dia'- 

betic-like abnormalities. These studies have not used C-14- or H-3-labeled 

c ompou'nd s . 

Related studies are carried on elsewhere by E. S. Gordon, University of 
Wisconsin School of Medicine; C. Waterhouse, University of Rochester School 

of Medicine and Dentistry; G. Searle, V. A. Hospital, San Francisco; R. Kreis- 

berg, University of Alabama Medical School; and M, Pollycove, San Francisco 

General Hospital. All of these investigators have been or are studying oxi- 

dation of glucose or other carbohydrates to 14CO2 in human subjects in diff- 

erent ways; none is known to include glucose-C-14 in oral glucose loads or 
sLudy labeled galactose, as done here with diabetic and obese patients. 

Kreisberg, Searle, Waterhouse, G. Hetenyi (University of Toronto), and 

N. Kalant (University of Montreal), have measured glucose turnover and syn- 

thesis in humins (obese and/or diabetic) by similar techniques but none are 

doing combined studies in humans with carbon-14 and tritium-labeled carbo- 
hydrates. 

J. W. Farquhar, Stanford University; E. L. Bierman, Seattle V. A. Hospital; 
E. A. Nikkila, University of Helsinki; S. Sailer, Universitats-klinik in 

Innsbruck, Austria; and I. MacDonald, Guy's Hospital Medical School, London, 

have done or are doing studies of lipogenesis with labeled carbohydrate pre- 

cursors in patients with similar techniques. 

of dietary regimen, labeled carbohyd.ra tes, classes of lipids examined, e tc. 
None has planned (or reported) a specific study of interaction 0.f dietary 
changes and oral contraceptives. 

There are differences in choice 

W. Malaisse, University of Brussels; F. Matchinsky, Washington 

University, St. Louis; G. Grodsky, University of California Medical Center, 

San Francisco; B. Hellman, University of Umea, Sweden, G. B. Boder, Lilly 

Research Laboratories, Indianapolis; and R. Luft, Karolinska Hospital, 

Stockholm; have examined insulin production in vitro from perfused pancreas 

or from isolated pancreatic islets. 

continuous flow of medium from incubated islets for serial analysis of 
insulin as developed here. 

However, none has used a method of 
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16. Technical Progress in FY 1970: 

As previously described, in collaboration with Dr. Brodoff, L-alanine-U- 

C-14 was given intraperitoneally to fasting Egyptian “sand rats” with varying 

degrees of carbohydrate intolerance which can be ameliorated by electrolytic 

lesions of the arcuate nucleus of the hypothalamus and by the anti-adrenergic 

drug, tetrabenizine. Conversion of alanine-C-14 to blood glucose was measur- 

ed as an index of gluconeogenesis. The range of conversion was from 2 to 

10% among all rats and there were no significant differences between non- 

treated rats and those with lesions of the arcuate nucleus or treated with 

tetrabenizine, which suggests that the mechanism of improvement of glucose 

tolerance is not by decrease of gluconeogenesis. Further studies direc,ted 

toward elucidation of effects on glycogenesis and glycogenolysis were done 

with glucose-6-C-14 and are currently being assayed. 

For the study of effects of hydrocortisone on gluconeogenesis from 

malate-C-14, H-3 in perfused rat liver, some final samples of blood glucose 

wer2 analyzed to test in vivo vs. in vitro effects of hydrocortisone. Hydro- 

cortisone has caused increased gluconeogenesis from malate both in vivo 

and in vitro while longer action in vivo promotes glycogenesis. A manu- 

script was prepared on studies carried out in Sweden on conversion of 

pyruvate-2-C-14 to breath 14C02 and blood glucose in acromegalic patients. 

Patients with decreased glucose tolerance displayed also a reduction in 

rate of oxidation of pyruvate-2-C-14 without change in gluconeogenesis 

-- -- 
-- 

-- -- 

._ from pyruvate. 
4, 
c 

> 
In the scudy of conversion of glucose-1-C-14 to I4CO2 during 

glucose tolerance test, the oxidation of the labeled glucose during 

standard vs. cortisone glucose tolerance tests were compared in seven 

obese or obese, diabetic patients. While the plasma glucose concentration 

(1 to 2 hours after oral load) was increased about 10% on the average by 

cortisone, the conversion of glucose-1-C-14 to I4CO2 was increased by 20% 
at 1 hour and 10% at 2 hours. This suggests that the short-term hyper- 

glycemic effect of cortisone in vivo in man is predominantly due to an 

increase of gluconeogenesis rather than a decrease of utilization of blood 

glucose. Glucose-1-H-3 was also given to some of these patients and 

glucose-2-H-3 to others. Usually the rate of conversion of H-3 to body 

water was also increased by cortis’one, but the results were more variable 

than with C-14. 
than glucose-1-H-3 and possibly by a two-phase process during the first 

3 hours. 

-- 

Glucose-2-H-3 was converted to 3HOH distinctly faster 

Since increase of plasma fucose .has been reported to be excessive 

in latent diabetes, some plasma samples taken from patients during glucose 

tolerance test with glucose-1-C-14 were analyzed by gas chromatography 

of volatile carbohydrate derivatives to measure fucose and isolate it for 

radioactivity analysis. No increase of fucose during the glucose toler- 

ance test was found. 
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16. Technical Progress in FY 1970: (Cont'd.) 

In the study of metabolism of glycerol-C-14, H-3 in obese, diabetic 

patients, comparison was made of the incorporation of tracer into plasma 
glycerides of these patients (6 females) vs. a group of 4 normal females. 

There are no significant differences between the groups for percent dose 

in total plasma triglycerides (TG) or di-+ mono-glycerides (DMG). For 

each group there is slightly more activity in the DMG than the TG. For the 

total glycerides the mean percent dose incorporation is less than 0.2%. 
Glycerol-C-14 and glycerol-H-3 show the same results, so there is no meta- 

bolic loss of H-3 before glyceride formation. 
\ 

For the study of lipogenesis from different C-14-labeled saccharides 

(fructose, glucose, and sucrose) in normal rats, more accurate and detailed 

analyses have shown that the labeling of several types of lipids (glycerol 

and fatty acid moieties of triglycerides and di- + mono-glycerides, free 

fatty acids) of liver or plasma is 3 to 10 times higher from sucrose-C-14 

than from glucose-C-14, with fructose-C-14 generally intermediate. This 

emphasizes a synergistic effect between glucose and fructose (the two 

moieties of sucrose) or else reflects more rapid absorption of the di- 

saccharide (concomitant with hydrolysis by mucosal sucrase) than of either 

monosaccharide. Presently some lipid samples from rats given a mixture 

of labeled glucose and fructose (with an oral mixed load) are being analyzed 

to test the latter hypothesis. 

3 

t Studies with C-14-labeled sucrose in patients have not yet been 

started, but non-isotopic sucrose tolerance tests in obese patients with 

analyses of the plasma curves of glucose and immunoreactive insulin (IRI) 

were done. Some patients seem to have higher insulin curves together with 

lower glucose curves than during glucose tolerance tests. This suggests 

special effeczs of sucrose and may help explain the high lipogenic po- 

tential of sucrose. 

Studies initiated In patients using another labeled carbohydrate, 

galactose-1-C-14, which for theoretical reasons (particular inhibition 

of its oxidation by high reducing potential in the liver) could show 

differences in rate of formation of I4CO2 between normal subjects vs. 

obese or diabetic patients greater than with labeled glucose. Study of 

one non-obese and three obese female patients so far are promising in this 

regard. 

In the study of production and release of insulin by isolated rat 
pancreatic islets perfused by continuous flow of medium with serial 

. analysis of IRI, the parameters of response to graded increase of glucose 

concentration and different initial and constant glucose concentrations 

were measured. Multiple major phases of release with fine peaks within 

the major cyclic release were revealed. Thresholds of response and satu- 

rating concentrations of glucose were defined and an initial paper has 

been submitted for publication. - 
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17. Expected Results in FY 1971: 

Analyses of C-14 in glycogen from liver of Egyptian "sand rats" given 

glucose-6-C-14 will be completed to test whether the anti-adrenergic drug, 

tetrabenizine, improves glucose tolerance in this species by an effect on 

glycogen metabolism. If adequate personnel is available, the question of 

gluconeogenesis from L-alanine-U-C-14 might be reexamined with administra- 

tion of the labeled compound during an oral glucose load. 

14 

and 3HOH in obese, diabetic patients will be continued without the prior 

aiministration of cortisone before the glucose tolerance test. To the, 

same patient ( and a matching set of normal subjects) will be given ' 
galactose-1-C-14 in an oral galactose load to compare with oxidation of 
labeled glucose. 

c02 
The studies of oxidation of glucose-1-C-14 and glucose-1-H-3 to 

Studies of formation of liver and plasma lipids of normal rats from 

sucrose-U-C-14 compared with glucose-U-C-14 + fructose-U-C-14 will be 

further pursued to delineate reasons for particular lipogenesis from sucrose. 

The plasma insulin response of these rats to the different carbohydrate 

loads may also be studied. 

A beginning will be made on study of lipogenesis from sucrose in 

patients given sucrose-U-C-14 in an ora1 load. This may be compared with 

glucose-U-C-14. (or glycerol-2-C-14) in the same patient. Further, if 

additional personnel are available, there may be a study of the effect of 

different oral contraceptives on the metabolism of labeled carbohydrates t 

to plasma lipids and rate of turnover of the latter. This should help 

explain mechanisms of recently observed effects of estrogens in contra- 

ceptives to cause glucose intolerance, hyperlipemia, and hyperinsulinemia 

and could indicate possible synergistic effects of high sucrose diet and 

mixed contraceptives. 

or disc-gel electrophoresis, it is hoped to study the output of insulin 

and its variants (e.g., proinsulin) into plasma of these patients during 

carbohydrate load and into the medium of perfused rat pancreatic islets. 

: 1 

Using fractionation of insulin on sephadex gel and/ 

18. Expected Results in FY 1972: 

The studies will be consolidated and reported with studies in 
06-03-01-(b) 

- 
-" 

19. Description and Explanation of Major Materials, Equipment and Sub- 

contract Items: 

See 06-03-01-(b) 

20. Proposed Obligations for Related Construction Projects: 

\ 

See 06-03-01-(b) 
- 
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