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I an very grateful for hawing been invited here today. It so

happens that mony of the physiologcal observatons on which I will touch

Have been consummsted by my assocates (see footnote 1) and myself, in 

part at leaat, by means of technques borrowed from che Nutritionists -

This gives me great plessure becsuse it fndcates how kndred our reepectve 

d l ac ip lines really are. Indeed, one of the attractions of working in this 

field ia ita interdisciplinary nature.

I will tell you today about some continuing studies on the phy-

otology of trace elements, notably of mangenese. I intend to spend ooms of

your tme discuseing varous aspecte of normal and perturbed homeostasis

of these elementa.

A working definition of homeastaaio ia the following: the mum total

of the processes which Maintain a steady level of various substances or 

functions within a living body. Our own concern will be with the homeo- 

atasia of trace metals. I will begin with a slide (Fig. 1) which shos

the total body concentretion of varcus metals, including "‘trace" ones.

Only metallic constituents which play a role in the Maintenance of the body* e 

structure and function are showu. The essential trace metals smons them 

are represented by black bars. Iron is both black and white. Indeed, if

one excludes the fined, sequestered iron of myoglobin and of hemoglobin.

ane ia left with a trace fraction of true about which I will be talking later

on. Note that ths scele is logarithmic. indicating that the concentrations

of esoemntial metals in the body fall off aharply and smoothly.

The essentsl trace metals, nemely those which are instrumental in

the maintenance of structural and functional integrity of living thngs seem 

to be obiguitoua in all living organisms. It is readily comprehensble that
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diminution of ther concentrstion in the boy shou1e caune reproducble 

danage, since this 1s actually how Nutritonsts hawe dscovered essental-

ity. What ie intriguing however, ie that too mach "trace" may cause pre-

die table dlMaa elso. Thia showe the inf ott anew of the rigoroua cent re l a

of "homeostasis" even though only tiny amounts of •••eat inl materfel any

be at stake. Purthermore, the wechaniene by which a derangement of hones 

stasis cm occur are diverse and tharfore most intriguing. A relatively 

sepie mechansm is represented in manganese poisoning vhere fnhelation of

ma ng ante ore duets leads to randan disease among mners. A wore complez 

unchanian operates in Wilson’s di sesse, • familiel, genetcally transmitted 

illness. Here, normel dietary coffer ie comcentrated within the body.
loading eventually to copper pofsoning. Both Wilson’s dtneaee and mangenese

posonins strke at the central nervous system. Since other spontansous

dsemses are also ascribed to excesses of trace elements: it s fair to

claim that many degeneratve diseases, presemty of unknowa origin will 

prove to belong in thia category. For the noanst, howsver, let us stay with

Milson’s disease and ■on< an son poisoning. These illnesses present va with

•one very ntrsuns mlarites between each other and vith Perkinson’s

die* see. Indeed ell of them ere grooved together by Neurologists under the 

heading c‘ "extrapyramidal isesses". Let’s look at a abort move illus-

tratn§ these • inti lari ties.

In thia move you will see two North Anar lean patents from our

own Hosptal nt Brookhaven National Laboratory, being cony to two Chilean 

mimeros, whoa we photographed in Ln Serena, Chile last fall.

The frst, a North American vomen suffers from Wlson"s dsesse.

Look at her gait. her expression, the bzarre morementa of her hends.
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Ch flenn counterprrt has one of the three formo vbch mpnzenese pofsonnz

car Caere footnore 7). Tot g look at his gnft, hs faciz1 ezpressinn

nn the Afstorte anvements of his hens. Ien"r he sialar to the first

r -re?

The zecone r rth * arfcnn hez 9 dfsemse of unknown ort^fa, Pork-

frson’e disease. Look at ht* posture, his mnek-ifke freo, rne the poor 

movenent of his arr. Rov, enmpere his to the second Chlean who suffers 

fro st mnother fors of --ngatese pofsoming: lock how -nlnr he Eto 

the A-erfcer whe has Perknnon s r.

As ycu heve seen, there ere fomn generel as ve!T ps some spectf1e

at ef 1 *rtt tea -mong these petfenr. It is • complete mystery at the aownt 

why any clfnfep1 snflerity vhrtsoever shoule exst between seases of 

totally dlostwilar etiology such as these. Complete eysteries a owe ri we a

moke fntrigung problems for research. I hope to show you at the end of 

ths telk that we are ready to sttsck this probtem.

At the outset of this work, we were pert culer’y struck by two

facts which I have not told you yet. The facta are si znf f {eant becsuse they 

consttute • most powerful argunent reltve to the Import rnce o‘ essental

trace elements in the phenowenon of life. Tirat, the essential trace metals

were prerr it pt the fnception of !ffe end have remene essentfal to all

1vnz things hitherto studied. Second, these metels are transporte

in the mammplnn rt lesst -- by protefn molocules. Exnuples of such protens

ere cerulloplasmn, instruwentel fn the trrosport of copper: tranaferrn. in 

the transport of iron: rof cther protein. Now. let** take trencferrir for

exemple: It has a moleculer vefcht of rbout 100.000 Lut it corriec corn11:

only about one atow of iron, (stomc vefzht rbout 56% per molecu!e. Th:
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means that the oody constantly activates an enorwously coplex mechanism to

• yuCt^atM about 2000 unte weight of carrier protea which transports only

ona unit weigit o* trace wetal. If one wre to ascribe evolut l omary mean-

ing to thaese two facts, it would make more sense to attribute primary evol 

ut lottery function to the aample but pr leeord lai trace elemente than to the

complex nine maera, the macromolecules.

These are the consieratious which led us to study transport mechansms

in the initial vhases of our work. The initial expariment vau intriguing ia 
56 54ice siuplicty. —e injected n 12 (half life i 2.5 houre) (1) or Ma C1, 

Cue If Life 314 dayu) (2) Latruvenoualy into animala. To our curprise, the 

elewnc disappeared most rapidl, free the blood at re can. The ant obvious ques-

tion uae: Where is it heading so fasc? This was determind by means of ds-

section of animals that had beon injected fatravenously with radiomanganese.

-a rauked tha organs of the anmala on the baala of their relative enrichment 

with ieotope. This save us catalogas of oraas the ranking of vhch remained

identical from mouse, to rat, to rabbit and, as far as we can tell fro sur-

face ecannng, to man. One euch catalogue is shovru on the next slde, (Fig.

2). Thia constant raaking was interestna bacaase it ine—l to indicate

sommethias significant about aammala in general rather chan abou} radiomanganese

in particalar.

The highest concuntrat Lons of sotope per gram of tissue occurred 
in 

la liver and the panereas, while the lowest concentration occurred ske%etal 

muscle. Spleen and lymphnodes were rather poor, Indi cat log that acoveaging of

the isotope by the reticulolandataelial aystea, woa not the cawee for this

distribution. It occurred to us that organs rich in manganese are also rich

la mitochondria, which as you know, contain most of the respratory enzymes.
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including those of oxidative pboepherylatl—. Hence it bees— important to 

see vhether there vas a correlation between manganese concentration and 

mitochondria.

Thia question vas anewered by injecting animals with one of the

manganous radioisotopes and fractionating the calls by centrifugal fraction-

at ioo. This yielded four fractions: mitochondria, microsomea, a heavy (or 

nuclear) fraction and the soluble materials of the cells. The results —re

what — had expected: About 40% of the radioaetvty was associated with the

mitochonria isolated from rat liver and these bodies contained about twice 

the radioactivity which vas found in the intact liver. The next slide (Fig.

3) fllustrates these points. The bars show the relative specific actvty 

of these fractions, ns— ly radioactivity per —it nitrogen. The numbers —

t op of the bars indicate the percent of the total radioact iwlty of the liver 

located in each of these fractions. Due to the several washings inherent in

this procedure, the values assigned to the mtochondra constitute minimal 

eat mates, while those of the soluble fraction were overrated.

In our clinical work, this experment started as wondering whether

we had not invented a clinical method for meaawring mitochondrial function.

This was imagined as something like tbs iodine uptake tests for the thyroid.

but instead of testing the function of an organ, we would be testing the be- 

howlor of intracellular organelles. We investigated this possiblity in 19 

patience and the results are shown — the next slide (Fig. 4) . Look how fast 

this radioisotope disaygears from the bloodstream after intravenous injection.

in spite of this rapidity, the range of these data is narrow indeed. If one 

now resolves ths multicomponent clearance curve into its constituent parts.

one gets the three camponenta shown on the —xt slide (Fig. 5). Among these.
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we have proposed the middle one e - 2.65 min.) for the estimation of the

relstve size of the mitochordrfal pool end for the measurement of the man-

ganese turnover therein (3) . This was done because this component fits the 

tissue uptake data best. This proposal is probably correct because it is this 

component which changes in thyrotoxicosis (4) , a mitochondrial disease par 

excellence, in which oxidative phosphorylation is uncoupled. Furthermore.

seem to be confrmed by Baxter and Smith in their work concerning liver injury

induced by carbon tetrachloride in rats (5). These investigators found a 
54very zrked diminution of Mn uptake by the liver while another transition 

metal, Zn65 did not reflect thin primarily mitochondrial injury. Hence it is 

54 66even that Mn or Mn are useful clinical tools in the detection of mitom 

chondrfal demage either throughout the body or in an individual organ such 

the liver.

Since observing radiomengenese disappear was a useful task, one might

wonder whether there was not something to be learned by watching thia isotope 

reappear into the blood stream, provided, of course, that it was inclined to

do so. Indeed, the isotope reappeared after 7-8 days, as you can see on 
54

the next slide (Pig- 6) j Here you see a log-log plot of the Mn radioact ivity
56against time (6). This isotope disappeared as fast as Mn had on the earlier 

slide, although the log-log scale distorts these data, so that they look df- 

ferent from those I showed you earlier.

It is evident that the wave of red cellbound radioactivity lasts

long as a red cell does, namely about 128 days. Hence this radfoactivity can 

measure the life span of a single generation of red cells. Ths cannot be done 

by tagging red cells in a test tube, because one tags more than one generation.

Furthermore, the earlier methods for tagging red cells in the living human tth
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Fe or labelled aminoacids, also tags more than one generation of red cells: 

these labels are reutilised by the bone marrow while radiomanganeae is not.

Now look at the next slide (Fig. 7). Separation of the plasma (in

which this isotope was located at the time of its injection) from the red

cells Fhowed the plasma to be free from radioactivity, while red ce1la con- 
Sita’ned all of the Mn found in blood. Separation of the red cells into 

hemolysste (or soluble) ano stroma (or insoluble) fractions, showed that the 

isotope was located primarily in the hemolysate. The hemoglobin was separated
54 

into heme and globin. when this was done most of the Mn" was recovered with 

the team.. It seemed firmly bound to heme, since it was nondalysable, non-

exera-caable and not available for binding by Ethylene-diamine tetracetic acid.

These and similar experiments indicated that we had found a natural mangano- 

porphyrin in human and rabbit red cells. Dr. Ray Klein kindly confirmed these 

okeervat ions in birds which have different heme synthesising mechanisms from 

mauzmals (7) .

The incorporation of manganese in heme awakened an intriguing ques-

t ion: Since iron is the bulk element located in the center of the pyrrole 

ring of hemoglobin, ien’c it possible that manganese might slip into its place, 

more or less by accident, so to speak? Manganese is element 25, iron is ele- 

men 26, so they might be confused with each other by the body. Furthermore, 

many polyvalent metals have been found to be interchangeable with each other

in teat tube systems. Furthermore, mannganase is considered in some circles to

be completely interchangeable with magnesium, which is not even a transition 

metal like manganese, but an sikaline earth (8). Therefore, it became crit{- 

cal to test whether one given metal is readily confused for any other metal 

by the intact body as is the case in isolated system.* •
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For this we had to devpe a ner set of criteria based on chasing an

injectac radiofsotope with n nredfcac tive meta1s either out of the body or

from one pert of the body to another. First it was necessary to check whether 

an injected isotope will be elminte at abnormal rates if the host animal 

is fven some nonradioactive neta1 in the form of c. metabolic load. If the

o. loss to the outside of the body remained unaffected, would one per

haps find a distorted {nternal partition of the radioisotope among the various

oraans ox intracellular organelles?

taplement these notions we used

known later as the total body counte. (9) .

a-pritordial for of what became 

The first such counter is shown in

.E. . t slide (Fig. 8), although the instrument currently in use in . we11- 

type scintillation counter. The total body radioactivity is measured right 

after the injection of an isotope and the subsequent measurement e are expres

sed as percents of the first count. If one now plots the results on sem- 

lotarthuic paper as e function of tme, one gets curves like those shown in 

the next slide (Fig. 9) .

Now we are ready to distort these curves by giving these amitels

various nonradioactive retel salts. In the next al ide (Tfg. 10) you see the 

effects of three such elements, namely element 24 (chromum) ; 25 (manganese) 

end 26 (iron) in animals that had beer injected with manganese 54. It is 

obvious that mangenese does push rediomanganese out of the body. This can 

happen only if the total amount of nanganese in the body is kept constant by 

some control mechans sm. However, for the naoment, it ie sufficient to stress 

that rriom.ngenese is mobile, its -nobility can be increased by administration 

of nonradioacttve manganese, but not by other metel salts, including megnesium.

We then checked on the internal distribution cf manganese 54. We found it
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sensitive to stable menganese lords end insensitive to loads with natural 

retals other than menganese itself. T say natural metals because T ecrongly 

sospect thet the man-made technetium misht well emerge •R an expermentally 

vauable ant tmet aboil te for mano enese. With that one exceptien. these results

can mean only one thins: menganese travels alone far most of its pethwey

through the body. Otherwise. mete1s of higher abundance. of higher affinity 

for natural receptors or both, would have replaced this element. As a matter 

of fact, now that we have gotten a lot of mileage out of this experiment, I 

will let you in on a secret • It was e totally unnecessary experment. If man- 

genese could be washed out of tissuer by nonmangenese meta1s. It would probably 

he- heen washed out of the bodies of animals many generations ego.

The next obvious question want Why should the specificity of menganese

be radically different in the intact animal as opposed to isolated ay a terns 7

Among the many ways in which we could seek for an answer, we chose the one 

which would best serve us in our work as physfefans. The intact bloodstream 

is readily sempledby physicians. Moreover the cfreutston constitutes also 

a marked difference between A living animal and an isolated biological prepar- 

at ion. Hence we searched in human plasma for one or more mpcromolecules that

mght be carrying this el nt. If one were present, we planned to see whether 

it could tell manganese from, aay, mepnestm. The next slide (Fg. 11) shows 

two of three such carriers. All three of them seem to prefer mang enese to 

megnesium over a very wide range of concentrations of the latter. The B, 

globulin in these tests displays a much higher cepaciy fc^r this element than 

the albumin fraction does. An alpha g?ebulin (cot shown here! behaves like 

albumin. There is e foerth species of manganese vhich makes up the balance 

of the total element in plasma, namely that not bound to protein. With

" species is estimated at 40 - 60X of the total

<
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radiomanganese, depending upon the condition of the donor. By ultraflltration, 

equilibrium dialysis and sedimentation, "free" raiomanganese amounts con

sistently •o only 4X of the total. The latter value holda also for the stable, 

natural Mn55 (10) which I will discuss later. Hence we cannot ascribe ac-

curate carrying capecities for manganese to the electrophoretc fractions at

the moment, because the "free" species was dissociated by the current from 

one or all three of these macromolecular Uganda. With regard to the valence 

state of the element in these fractions however, we can say that the B, gio 

bulin seems to prefer a valence of manganese higher than two and lower than 

four, therefore probably manganic valence III. Albumin on the other hand, 

prefers valence II. These results Indicate the existence of at least three

different distribution systems for mangsmese in sma, and we are curious to

know whether their destinations in the tissues are the same or different.

You might have anticipated the question whether the artificial isotope

manganese 54 truly reflects the biological behavior of the natural manganese 55.

In order to answer this with reference to blood or plasma, we had to use a 

method capable of measuring the concentration of manganese 55 in these fm- 

portent fluids. We had guessed from the isotopic studies that manganese must 

be about one thousand times more concentrated in an organ such as ths liver 

than it is in plasma. All reagents tested contain manganese which would con

taminate plasma samples (11) which is probably why various chemical methods.

we tried at first, only discouraged us. Therefore, we developed a method 

baeed on neutron activation analysis which is both precise and accurate

enough to within about • 3,4% when used on 0.2 ml of ama. This method

does not induce contamlnation. When sma from various normal persons was

analysed with this method, a rough average of 2.5 ug of manganese per liter
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of plasma was found. In the case of spnal fluid, the concentration was half 

as much. In both inst races, however, a remarkable constancy from person to

person beceme evident, whch confirmed our impression that th* meteboliem of

mangarese is under homeostatie control. As you recall, this imyression was

ained ffrat on the besis of an fnjecte radfosotope to metabolfe loads with

its stable iaotoy*, a* revealed by the total body counter. Let me refresh 

your memcry by showing you soma observations on a patient (23) . This women 
34 had been given Mn hy injection and her total body counts were followed there

after. After one set of observation* the test vas repeated but this time 

manganese sulfate vas fed by mouth. On the next slide (Fig. 12) you see the 

change in her total body radioectivity burden as a function of time. This is

again a response smlar to the one you saw earlier in anmals. Now, let’s

look at another essential trace element, namely sine, in the same way, but to 

the mouse. The next elide (Fig. 13) shows th* change of the total body radio- 

activity burden of Zn65 as a function of time and as altered by various oral 

metabolic loads with nonradioact Ive sine sulfate. Here again, radiozinc to

being chased out of che body by stable sine (12, 13).

in the same way, nov le us look at an element, the role of which ia

undur conaderable scrutiny at preaent, cadmum, on the next slide (Pg. 16).

Here are anmals that had received one cadmfum 109 injection. Some of the* 

were fed various amount* of cadmium sulfate by mouth (14). A* opposed to the 

two essential elements, vhch I showed you earlier, this one does not seem to

move out of the body ether spontaneously or as a coneequence of feedfng a

stable cedmum salt. It would be interesting to teat further whether this toek 

of response mafght not constftute a criterion of essentfality for various

metals.
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for many body consttuents, the yr toe end-organ of ezcreton and

of homsos tatic c atrol fs the kidney. M at of the essental trace metals 

are excreted prmerly or excluaiwely via the gastrointestinal tract. Man-

banese muat be excreted exclusvely via that route, snce 1isation of the

anus will eliminate the loss of its radiosotopes from the bodies of mammals 

(9). furtheruore ezcretion of this eLewant into the bile and into the 

pancreatic juice has been observed by others (15). It should be recalled

chet the cazmalian liver and pencreas see the phylogenetic successors of the

hepatopancreas, which to a pr inord ia l homeostatic and organ relative to vhich

the kidney is a newcomer. If the maumalien hepatopancreatic successors were

capable of controlling the flux of a primordial metabolite such as at essen-

tial trace metal, this night Endicate that these euccessor have maintained 

their bounootat ic adspussy in spite of the advent of the kidney. In a report

now in press (16) » we have argued that this is indeed the case. In the went 

slide (21g- 15) you will see one of the expermnte on which thia conclusion
5&la ba sod i Rate with and without biliary obstruct low were tagged with Ma

and their total body turnover was obeerved. After it was established that both 

groups lose their rad io isotope, albeit at different rates, half of the animals 

in each group received supplements of stable manganoua sulfate La their diet.

dhen the bile duct was obetructed, the characteristic acceleration of the

total body turnover was abent» while it was obviously present in ebon operated 

controls. Furtherwore, the controls had received about one half of the man-

zanous supplement of that offered to the animals vth biliary obstruct ion. This 

and seve--1 other expermeute couvinced us that the flux of manganese through

the body la controlled by the ble-: oducng nechaulowe.
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Since hoeostesfs is controlled by hormones, it becsme interestns

to see vhether horonr1 effecta vou1d reflect themselves on the etabolis

of rhose <• ce m(nereTs. The con cent ret toe of zine: al consttuente of the

ay "e nd t-rge b3 the zinerp!cort ice id hormones of the edrenm1

gIrne. Therefere tn tested wone of these homonas for their effecte on the

motabo2‘e- o‘ menznnen. To our dfsory, we detected no effects nttrbutable

tn m’ner icortteofd *cton. Teeter'd of sbandoning the arenc! hormones ell

together, we turaed t the so-ca’le lucocort cold borsonps, namely the cres 

vhtch pet prcarly ot. orernc const f t uent e such cs glucosc. To our delght.

th- metabo1s-a of enganese re testee ft. incert nice, sppemre to respond 

qu’tc definitely to the action of these hormones (17) . *e vere huppy with this 

resort becpune cortisone end its cogeners are indeed edcally fmportant for

two reznonm: Fret, under conditiona of stress, surgery, trauma, shock, or

nfecton, one of the most mmediate responses of che body ts cho hypersecre- 

ton of these cortisone-like hormonos by the adrenal zland. Second, cortisone

ane ice roczenar" are ©' extensive zac often of lifeavna utility {n tedsy*a
practfce of medcine.

Surgcal strecs was reflected in the ezcretion of manzanese in the

bile. Borh natural and ertifcel i sc topes of manganese behaved in the sane

fashom. Ths ndcate thee the inforaztion zeine with the aid of an arti-
fi-tel mangenese isotope ref lotted the uataboliam of the natura! isotope. I 

will show jou only the pattern of • tarzics11y stressed snmal. A nonstressed 

anforl excretes its red omengane s4 • $3 ptotcally late its bile. The rca

shown on ‘hw next slide 70n. If) were colleeted Eroa a rat under ether anese 

thesis with its shdomen open ved wth bfe ben collected from a catheter 

to -he common bile duct. A dose of manganese 54 had base gven fat ravenously
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• t the outset. boch the radioactive and the natural manganese isotopes were 

quant icated and the results were expressed per unit weight of bile. While 

toe speciric •ctivity of manganese 54 tended to reach equilibrium, the abso-

Lute amounts of both speces of gangaraeae first declined and then iccreased

suddenly-

Thereofter, we searched for concordant changee in patients who needed

to be treated with cortisone-like hormones, to coobat some underlying dsease.

Among the many diseases for which cortisone therapy is indicated, we chose to 

study the collagen disesses such as arthrts and lupus erythemtosus di ssen- 

inatuss we have studied 6 cases of rheumatoid arthritis with c'-rtieone like 

bormones end to ell of them we found the Lchange for which we ware seeking.

The evidence was collected by meane of surface scannng, total body counting,

and neutron activation analysis of plseme. Thesm experiences are illustrated

by one case shonwn on the next slide g. 17) -

Here you vee tut behavior of lot ravenous ly injected manganese 54

after admin is tr :rion ci prednisone. The totel body radioactivity and that of 

the liver declined sharply following the fnstitution of treatment, pretty much

as you sane to the case of the woman to vhom we save manganous sulfate by uouth.

The curve of the radoactvity to md-thgh, shows a alight decline in the

beginning, which stopped when the stere id hormone was given. This could happen 

if maegeneee were reaching the aid - thigh from the other parts of the body.

The mot probabl way for nengoneeo to do co ia through the bloodstream. There-

fora, let's look at the manganese level in this patient's plasma on the next 

slide (F1g- 18). Here you see again the change in the total body radioact ivf t y 

level brought upon by cortisone tre--mont in esyociation with which there oc

curred a marked ries in the concent rat ion of natural manganese in the patient’ a
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sst recent work, which is still ill proreus. ml L' well ; Ive

p crul le.G li our FL extrapy raid: L dise.be*. These are

u • v. t h -1 It I started the t.1k. Eertier we he stucied soce drugs

it use j! in the trert »ur . 1 t}asa diseases, referred to c »° lect' ve ly

p.nethi.tine drua. ne o: tbes is the popular cranquilzer thorazine.

Eo 3 UL it- ,f the eac drus l:i w-cer would react with sone bol~gca}ly importent

trece ele.ents, nclucin: dMenese (18). The preducts of these reactions

tea L -.h!3 colored uetast.ble free radicals. Hie attempted to explain the

ph. t acolozce2 effect of hece drugs on the basis of free radicals formed b3

in’e • tion with trace elemertE (15). There is e drevicck to this theory,

ci at we he observed these fntere ct ions only in • tent tube, not in E

livin orgenisn. I have been concerned with the fact chac we had to show

sot-c correlation between a owe free radical and e trace element like nengenese.

n sona kind of t iologica1 systesn before we could take our theories seriously.

Frnkl}, I tecame w§lline to settle for eny free radical nad postpone the March

for e phencthe ’ ue tree radcel in a biological sysre provider that inan-

gnake could Le linked to the rite of production of such e free radical. For-

tunately, en article ppeared from Southampton, EngLend (20 whci indicated

that the color of human hair correlsted with the amount of Melanin free

rac ir in thor huir. Coon another article came out frouz Bethesde, Marylead

(21) said that mlenin froe the eye shows free radicals when hit by lisht •

lela {. 13 not .. pheonthi az ine but phenothi zines ere known to increase melen-

ozc • l-. It .‘ght be o. some v 3 lut- therefore If mnganese could be correlpced

wit.. Hence we t • ted wiiethe hair of various chadeg of darknesa.

c • i ad - lreedy been shovn to cor it. L-mnensurate anounts of free radicals.

woulc contan concordant amounts of manganese. The prelimnary results are
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shown in the next slide (Fi3. 19) . Mot only did we tost hair from vL-ous

specias but we also tested trd feathers (22) . The results with one uult- 

golorec eathr are much more convincing than results with anny nulticolored

H6i13, because hairs have individual follicles, while barbs of feat er have one.

lote Llzat the concentrat iou o' manganese in colored hair or feathers is always

Lisher titan in white colored structures. Experiments with bovine conjunctivae

were concord ent. we incerpret ths as meaning thet manganese cannot be ex

eluded 13 playrs a smiler rule in melanogeness as it had in the formeton 

o' phen oth i a2 ne free raicals. This leads back to the extrepyrmdal ds- 

gases with wlt ch we started (24).

T e. told by neuropatholg Lsts that discoloration f the substantia

ni -ra of the brain, in other words, the loss of bleck pgent fror the sub- 

stontie nigra, iseabout the only constant fincng nt autopsy in cases suf- 

ferin: frora parkinsonism in life. This pigment contains free radicals, metals 

and several etabclc en products from the metabolism of neurotropic amines.

ie ere now enga. d in testing whether alterations in these granules might be

responsible for the similarities exhibited by many extrapyramidal diseases of 

different etiology.

SMMARY

fhe recent development of sharp analytical resolution has pernitted

world-wide initiation of integrated studies of the kinetics, the physcal 

stste end the chemca1 behavior o' trece netals in relation to thee concen-

tretion. Nonetheless, it ized already become evident that these etallic

nutrients right be more e saenti t l to life than even oxygen, since on’y sone

lvng things require the letter wh "e +1 of them seem to require the former.
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Twc essential metals, manganese and sine and a non-essential one.

cadmium, are followed through cons ider able portions of their respeceive path 

ways through the body. The pathways are examined with regard to their bio

logical specificity. Attention la given to the role of the liver and ether' 

tributaries of the gastrontestinal system a* surrogate kidneys in hums net eels.

Methodology is touched upon with emphas.s on sotopee and the analytical 

potential of nuclear reactora. Several distortone of homeostatic regulation 

are considered with regard to their nutritional, clinical, and bfochemcat

meaning The homeostatc role of eome drugs la indicated.

Polyvalent elemente wust have been operating prior to the Darwinian

evolution of acromoleeules. The implications of this statement are detailed.



FOUTNOTES

1. The scientific work presented here was done ih collaboration

with the following- L.S. Maynard; D.C. Borgh A.J. Bert inchamps - P. S.

Papavaslllou: E.R. Hughes: R.L. Golden: A. Sakamoto. Techniral assi- 

tance was provided by? J.J. Greenough; H. Hamel: B. Selleck; J. Gulbon:

S.T. Miller; and C.A. Rosanskl. Mss Martha Hill, R.N. hes expertly 

supervised the Metabolic Ward.

2. The forms of manganese poisoning mimic Wilson’s Disease. Parkinsonism 

andtthe schizophrenia-like psychoses respectively.
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Figure 7s

Figure 8:

Figure 9s

Figure 10:

Figure 11:

LEGEBDSTOFIGURE8

Computed from: Altmen, P.L. (editor) BLOOD AND OTHER BODY FLUIDS,

Federation of American Societies for Expermental Biology (1961);

Spencer, Wlliam S. (editor) HANDBOOK OF BIOLOGICAL DATA, W.B.

Saunders Co., Philadelphia, Pa. (1956); and Tipton, Isabel 8.

took, M.J., Health Physics, 9, 103 (1963).

Distribution of Mn56 among rat organs, Baca leu la ted from

Reference No. 1. (see text).
56Intracelluler distribution of Mn recalculated from Reference

No. 1. (see text).

By permseon, the editors of the Journal of Clincal Iuvest-

gatlon. (see text).

By permiseon, the Bdltora of the Journal of Clinical Invest 1-

gatlon. (see text) .

By permfesion, the Bdltora of Nature. (See text).

A schematic dressing of bloo fractionation discussed in text.

Mouse counter, by permiseion J. B. Lppncott Co., Philadelphfe.

By permission, the Edtoro of the Journal of Clinical Inves- -

tigation. (see text).

By permission, the Eeftors of the Journal of Clinical Iuves- •

tlgation. (see text).

Zone electrophoresis of sma containing the indicated concen-

fractions is shown from two separate experiments.

Figure 12: By permission, J. B. Lippincott Company, Philadelphia (sae text).



Fgure 13:

* (see text) .

Figure 14: By permission, the Edtors of che Amercan Journal of Physiology-

(see text).

Figure 13: Total body turnover of Mn”h in rata: A and B - rats with biliary

554obstruction; only sroup B received carrier Qn ,2.27 per ml

Figure 16:

o* milk). C and D - laparotomized rata; only group D received 

carrier om55** 1.1 7 per Al of m11w) .

54 3 5 -Change in the concentration of Mn , Mn and specific activity

Figure 17:

in the bile of a rat under surgical stress.

Change of the Mn” concantration in the whole body, the liver and

the old-thigh of a women receiving prednsone.

Figure 18: Sana as Figure 17 but vch plasma manganese concentration plotted.

Figure 19t The ratio of mmuganese concentration of varous pigment structures.

relative to cheir light colored or nopigmented contrele. Only

hair and feathers are shown.
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