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INTRODUCTION

A strong motivation for metebolic investigations of essential
metals lies with the simple fact that these elements are primordial meta-
bolites and building b}ocka of living matter, & truism largely forgotten
today, Among them, the metals of the first transition group display high
physical and chemical flexibility: They can concommitantly coordinate
natural or artificial ligands; they can regulate electron and proton trans-
pof;; they can act as catalysts or as cofactors to catalysis,

In spite of Bertrand's early demnnstratioﬁ of the importante of
trace metals in biology, definitive studies have been handicapped chiefly
by the minute concentration of some of these agents. This fact is {llius-
trated in Pigure 1, where metale of proven essentiality are shown as rough
eatim#tes of total body concentratioms in a ’0 kg. man. The ordinate is
logarithmic, indicating a smooth, sharp fall of the concentration of'thes;
metals, This slide also suggests that stﬁdies of_;he “trace' metals shown

. in this series require specialize& methodology if one is to avoid experi-
mental distortions of biological realities. Isotopic techniques for example,
may define the dynamic behavior of these elements in vivo or in vitro, and..
magnetic techniques have been useful in detetminipg their state. Needless
to say that these approaches are fully fruitful only with adequate quanti-
tation of the metals under study. We shall try to show tha:\ﬁfffﬁff_ffff!f:~
tion analysis is & potent method in this context; not only because of its

";;;;—;;;:I:I;I:;Aand specificity but particularly its inherent éotential to

guard the samples against both contamination and loss. .
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Our interest has been focused on one microconstituent, mangsmnese.
This eetal is essential to all living things hitherto tested (Cotzias, 1962),
In spite of ite essentiality, exposure to some of the wetal's compounds
induces in men an extrapyramidal disease (manganism or chronic manganese
poisoring) (Cotzia;:_IEEE;—;;I;;—;;I; be discussed briefly later,
| Work at this Center haé shown- ghat manganese pﬁfzgff“j—igiiff}c
pﬁ&&ffz,thr°“3h the body (Cotzias & Greenough, 1958) which leads largely
through the mitochondria (Maynard & Cotziss, 1955 § Hughes & 00£zias, 1961)
and to a much smaller extent through a manganoporphyrin. of red cells (Borg &
Cotzias, 1958 ; Norrie & Klein, 1961). The above considerations supplemented
numerous biochemical experiences (Cotzias, 1962 ; Cotzias, 1958) which in-
dicate that manganese is a cofactor ﬁo several engymatic reactions and that
it can interact with at least one group of organic electron donors to pro=-
duce free radicals (Cotzias & Borg, 1962 ; Borg & Cotzias 1962):
From both‘the medicel and the biological points of view, it wax
;necesaary to quantitete tﬁis trace element in small samples of manganese-

T T T —
poor pools (plasma, spinal fluid, bile, etc.) with high precision end

e

“aceuracy, but without either contamination or loss. With such a method we
could attempt to define normal and distorted homeostasis of this element as
\vell ag its role under conditions of disesse and of therapy. ATheee prpblems
will be definad as the paper proceeds.
NEUTRON ACTIVATION ANALYS1S
The éollection of aamples; preparation of receptacles and general
handling prior to introduction into the reactor are detailed elsewhare

(Papavaailion & Cotziae, 1961).
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Two reactors were used in thiu'study: 1) The Brookhaven National
Laboratory Graphite Reactor (1720 megawatts, 1,17 x 1013 neutrons per cm2
per second, "C;amium ratio" about 38, temperature $%0° C.) 2) The Mediesl
Reactor (3 megawatts, 1.12 x 1013 neutrons per cm2 per second, “"Cadmiunm
ratio" 71,5, temperature 71° C).

Data from these t&o reactors were concordsnt, Hence it‘is planned
to eventua}}y use the High Flux Reactor presently under construction at
this Laboratory (Routs, 1961). It is ekpecied that less elaboréte chemical
separation tharn that practiced hitherto will suffice in the queantitation of
some ensuingAshortolived isotopea, including manganese 56,

Since the only stable menganeae 1sotopé is Mnss, neutron bombarde

6, ég = 2,58 hours decay-

ment yielded the following reaction: Mpss (n,‘r)Mn5
ing by energetic beta and gamma emission). Production of Mn56 during
neutron bombardment of biological materials may occur by two additional re-

6; 2) 0059 (n,a)Mn56. These are fast neutron

actions: 1) FeS6 (n,p)Mn5
reactions, ~Thaeir contribution to the Mn56 produced by thermalnneutrons was
estimated to be negligible for all tissues other.than blood, where i?cn must
have contributed 4«3% of the Mn56 (Papavasiliou & Cotzias, 1961).

Pollowing activation, the gauples and the standards ware digesteaﬂ
in the presence of known smounts of manganous sulfate as.the carrier. There
is a long standing custum in the case of tracars of polyvslent metsls, to
establish that the tracer is & true tracer of the metal under study. The
reverse is necessary in the practice of neutron activation analysis: to
demonstrate that the carrier is a true carrier of the element of tissues.

In the present work, this was demonstrated as followox'MnSA was injected

into a ret which waa sacrificed f£4{fty days later. During this time the
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ﬁsotop@ myst have undergone redox changeé and must have become equilibrated
wiﬁh natural mengenese pools within the animal, The isotope was then re=
covered from liver, brain, lung, kidney and muscle by the carrier procedure
recommended for neutron activation analysis. This indicaﬁed that the
carrier was a true carrier of tissue manganese.

Losses of sample were shown to be negligible by processing taggad
serum in & manner identical to serum analyzed by neutrom activation. Measurd-
ments of the recovered carrier were adopted ae additional safeguards against
loss of sample.

Contamination was possible only during the ateps which preecede
nevtron bom;::E;;;;?—-iisted balow are the major offenders and their cone
trole: 1) Inadequately cleaned distillation flasks: The ensuing distilled
320 or INO§ wvould contaminage (instead of cleaning) the tubes which were to
receive the samplegs. Monthly cleaning of d;atillation apparatus wae ade-
quate. 2) Metallic instruments including needlés. Quartz knives, plastic
forceps, plastic "glasswere", platinum lumbar puncture needles and pure
aluninum venipuncture nesadles have controlled this error. 3) Dust. 4) It
ahqnld ba stressed that all reagenta~grade chemicals hitherto analyzed
(with one exception) contained significant amounts of menganase., It {s notee
worthy that diaslysis of hemolysate ageinat 0.005 M Ethylenediaminetatraacetate
induced some cqntamination of the sample with manganese., Heavy contapination
vas induced into 5 tal aliquots of plasma after dialysis against a bath con-
sséning of 1200 ml of 0,9% NaCl. The salt had beeﬁ obtained from an op-
tical crystel which had been reported esrlier as not containing demonstrable

menganese in samples weighing about 1 mgm., This was the one reagent whkch

was thought to be uncontaminated {Papavasiliou & Cotzias, 1961).
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This element cannot be the only contaminant merely'because it
was the only §ne tested. Neither can B2 be assumed that the increase of
manganese concentration i{s the only biochemical consequence of contamine
at{on. Onsthe contrary, one cannot exclude anzﬁmslogﬂcal and other con-
sef§uences. Thgse{remarks do not apply only to extrinsic contamination,
Indeed the high concentration gtadieﬁta which are characterigtic of many
adjacent compartments of the body make the problem of f{ntrinsic contamin-
ation germane: For exemple, blood obtained by pricking and squeezing the
' finger contained higher and more variable concentrations of manganese than
did samples obteined by venipuncture. This typs of contafiination might be
even more important whem one samples micro-compartments such as intracellu-
lar inclusiems or individual macromoles. Unlike extrinsic contaminetion,
the intrinsic type cannot always be detected by means of accounting for
the concentrations in fractions relative to the concentration in the orig-
inel sample.

Chemical sepsration consisted of oxidstion of the digest to per-
mangenate and precipitetion of the permanganaﬁe with tetraphenylarsonium
chlbride. The latter was facilitated by filtering on a miliipore disc,
wvhich vas inserted thercafter into a planchette and counted on an assembly
containing a multichannel aenalyzer, This permitted computation of the entire
Hn56 photo poaﬁ at 845 mev,

The effect of this chemical separation ;n the determination of Mnss
of plasma and bleod {s shown in Pigure 2, Figure 3 ahowq the correlation of
5

Hns added to serum with that determined analytically. Eleven individual

semples from the sams serum showed a mean and standerd devistion of 2.61 + 0.09

33

ug of Mn”~ per liter,(Papavasiliou & Cotzias, 1961).A
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CLINICAL AND BIOLOGICAL STUDIRS
The present technique appeared applicable to the detection of

—
macromolecular complexes of manganese in plasma and in blood. This study

vas motivated by two consideratioms. Pirst, various natural macromolecular
ligands of other essential metals (zinc, copper, iron) have been studied in
detaillwhile manganzse containing ones have not been {daentified., Thetr
existance has been suggested by studies with artificial isotopes (¢otzia;,
1962 ; Cotzias, 1958 ; Borg & Cotzias, 1958 ; Norris & Klein ,h196) ; Cotzias

& Bertinchamps, 1960) and it wae necessary to confirm these 1sotopic.studies.
A second consideration was based en tha fact that in most nutritional,
physiological, enzymological and other experimentation, an inorganic form

of manganase has been tested (Underwood, 1962), which might not have duplie
cated the natural complexes of the metal and might have induced the formstion
of artificiel ones in addition. Since blcod, plaema and serum are instrue
mental in the transport of this element, they offered bioldgical inmterest to
thé present study (Cotsias,& Papavasiliou, 1962). Spinal fluid, which con-
tains minimal concentrations of protein might be g source of 8 non#protein-
bound form of this element, provided that it contained manganese. Furthermere,
the presence of steady concentrations of this metal in these various pools |
might suggest the presence of homeostatic controls and might encourage the
study of homeostasis.

In view of our experience with contamination, it was necessary to
avoidvthe use of reagents unless such reagents were proven to be suitable,
Therefore, instead of reagento:‘f_Efghvgzégisgsiggf}_figig was used in order
to separate this metel into macromolecular (sedimenting) and micromoleculer

(supernatant) fractions., Centrifugation of spinal fluid at 11 x 104 x G for

~



forty-eight hours yielded a supernatant frgctionbwhich Qas protein free
by nepheiometty (Looney & Walsh, 1939). ~$hia fraction'contaiﬁed 93-94%
of the metal, Similar but more:proionged centrifugal fractionaéion of -
human pl#sma'yielded variable conCentfatibns of un55 in the proteinefree
'supernaeanﬁ fraction whi;h ranged from &4 €o 25% of the plasma menganese on -
repested duplicate analysis.. This was'concofdant.witﬁ uﬁpuﬁiished isotopic
studies which indicate that while the total manganese 1n’plasma_migh£ be
constant, its state of biﬁding and its partition among plasma proteins may
be variable indeed. | |

Similar experimentation with hemolysstas showed about S0-968% of
red cell manganese to be sedimentable with the proteiny.

In earlier isotopic experiments, it was found that the injected
NnSACIZ becomms”only loosely bound to Dlasma proteins (Cotzias & Bertinchau@s,
1960) while it becomes firmly incorpotate& into the heméglobin heme of human
and rabbit red cells (Borg &ACotzias, 1958). If the artificial isotope had
truly traced the natural species of this element, one should show markedly
difderent states of binding of plasmaebound versus hemoglobinebound Mhss.
This.proved to be the case when dissociation by proton'cémpetition wes eme
ployed. Acidificstion of plasma with distilled hydréchloric acid (finsl pH
4.3 « 4,5) followed by highespeed centrifugation'yielded proteiu-free supere
natent fractions containing 85-100% of the total manganese.’ In striking
contrast, simila; treatment of hemolysates yieided'only 17-24% of the total
metal in the supernatant, proteinsfree frsciion. These tests indicatedvthat
the receptor sites for menganese ere different in plasma than they sre in

red cells, a fact which {8 concordant with the isotopic expertience (Borg &

Cotzias, 1958 ; Norris & Klein, 1961).
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These results pertaining to parfition of this element among cen-
trifugal fractione, were expressed ae percents of a total vhich was not
defined above. Actual concentretions of manganese have been determined on
humsn samples st this Center. Following are the means {(ug Mn/Liter) snd
~atand deviations: 8 serum samples: 2.46 4 0.30; 20 plasma semples: 2,22 ¥
0.66; 15 whole blood ssmples: 10.45 ¥ 2,27; 6 cerebrospinal fluid samples:’®
1.18 2 0.23

These analyses were performed on individual hospital pafients who
vere not under standaerdized conditions with regard to diet, treatmemt, medie
cation or the4tim1ng thereof relative to sampling. Bven so, the variance in
these series is small indeed. Among the plasma values the variansis even
less than that presented earlier with regard to the clearance of intraven-

ouslj injected Mh56

SO4 (Borg & Cotzias, 1958).

The relatively sméll scatter of these data strengthened tue notion
geined on the basis of isotopic experimenta that manganese, like zinc
(Cotzias, Boéé & Selleck, 1961 ; Cotzias, Borg, Selleck, 1962) is under
homeostatic control within the body. Nonetheless, in one patient, feeding
of massive amounts of a manganese salt (2.0 gm unsoa daily) increased the red
cell and epinal fluid'concenttation without causing‘mnch increase &#f the plasma
level, Upon discontinuation of the MnSOa, these vaiues regressed. The rate
of loss of 1nttavenously injected HnS&Cla from the whole body and from the
liver of this pstient were tested before énd during this massive manganoo;
{ntake. A marked acceleration of this loss was observed with both measure-
ments as a consequence of the administrstion of this salt. The sum of these
experiments indicates that while manganese could bacome excreted st amn ace
celerated rate, this acceleration was not always sufficient to prevent its

accumulation in at least two of the components of the body. Hence, the pos-

tulated homeostatic controls may bacome saturated.
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In earlier isotopic expertmentﬁ on mice (Hughes & Cotzias, 1961)
it was found that winerocorticoid hormomes (cortisone, prednisone, pred-
nisoline) mafkedly affected the metebolism of manganese. We bscame intrigued
by the possibility that the metebolism of this element might be effected
also inppatients who nead to be creatqd.with such hormones. In an inter-
disciplinary meeting such es this, it might be necessary to explain some of
the medical interest in these hormones: From the therapeutic point of view
thess agents &re often lifesaving in the manggement of collagen'diseasaa
(rheumatogd arthritis, lupus, etc.) asthme, anaphylaxis, ianfectious hepstitis,
leukemia and other life-threatening conditions., From the physBo}ogical
point of view, these sgents are of interest chiefly becouse of their homeo
static role in the body. This is particﬁlarly evident in the response to
stress which might follow surgery, cold, trauma, infection, arephylaxis, etc.
Six unpublished cases of rheumetoid erthritis were hitherto treefed

at this Center with high dosee of prednisone, a cortisone analogue. Figure
4 shows the behavior of intrevenously injected MnS&CIZ in one such caee,
In response to the treatment the redioactivity was eliminated st an acceler-
ated pace from the whole body and from the iivnr, vhile at mid-thigh the
normal rate of loss was decelerated., This {ndiceted that the hormone had
caused both a loss of this element out of the body'and a redistribution
from one orgen to enother, These effects could menifest themselvas omly if
the bloodstresm had been transporting manganese at an increased flux during
the treatment as compared to either defore or afte? the drug was administéred.
1f the change in flux had been marked, one might have been able to detect
a concordant rise end subsequent fall of the sctual concentration of this

metal in the plasms, Figure 5 shows this to be indeed the cese. The toteal
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body radioactivity curve was plottediagain in order to show thé time at which
the naturel menganese was determined in plasma relative to the acceieraéed
excretion of the radioactive species of this element,

These studies are still inpprogrees. Therefore it is too early to
decide whether the changes in manganese metaboli#m i{induced by these hormones
pertain to their therapeutic effect or vhether they indicate (ae does the
potassium level) that special precautions are necesssry to combat possible
manganese deficiency during the treatﬁent of such cases. Regardleéa as to
what explanation will prevail, neutron activation snalysis of plasma for
manganese appeers to emerfe as a pos@ible clinfcal necessity.

A consequence of surgical stress (vhich as yet cannot be ascribed
to these hormones with certainty) was obsgrved while studying the biliary

excretion of manganese (Bertinchamps & COtziaé, 1958). An exzmple of these

experiments is shown on Figure 6. Bile was collected from a rat shortly

after laparotomy, by means of a catheter located in the common bile duct.

Carrier-free MhSACI had been injected intrevenously at the oﬁtset. While

2
the specific activity of the isotope fell, a marked rise appeared in both
Hnss and'Hnsa within the bile. In other experiments, this rise had been fol-

lowed by & return to basal levels (Pepavasiliou & Cotzias, 1961). Nonstressed
animals excrete Mnsa agywptotically into their bile, in 2 wmanner similar to
the excretion éf injectéd radioisotopes by the kidney,

The concommitant considaerstion of both dbiliery end renal functions
is particularly meaningful in the case of‘manguaese metabolism (Cotzias &
Papavasiliou, unﬁubliahed). The kidney has been studied extensively.with'

reference to its excreting as well as with regard to its regulating the flux
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of many substances, in what Ciaude B:rnard called the "mil{eu interieur”,
iadeed,'it is considered as the main hqmeostatic end organ {nmnammals,

The Eidney is fully dévelopedlpnly in 2 relative minority of animel
species, namely those high on the evolutiomnary scale (Arey, 1948). In snimals
which have mot yet de§e10pad kiduneys, the primordial homeostatic organ is
the ancient hepstopancreas, which has evolved into the mammslian liver and
pancreas, In mammals, manganese 18 excreted both intc the bile (Greenberg,&
Copp & Gutbbersqn, 1643) and into the p#ncreatic juice (Burnett, Bigelow,
Kimball & Shapard, 1952) but certainly not4into the urine (Cotzias & |
Greenough, 1958); Cotzias & fapavaeiliou, unpubliished) . Hence, the hepato-
pancreatic successors seem to have maintained their adequacy with regard to
the excretion of menganese in mammale. If the same organs are adequate also
in the control of the flux of this element, they must have remained adequate
for the homaostasis of at Ieait this one primordial metabolite, indapendently
of the continuing evolution of the apecies.

In this regard, three pertinent quecestions neemﬁd to be readily
aumsnable to experimental testing: 1) Does obstruction of the bile duct dé-
celerate the excretion of mengenese? 2) Does such an obétructlon-affect the
animels® capacity to respond with accelerated excrntlonAfo a metabolic durden?
3) ﬁoea it result {n abnormal concentrations of fhe substance un&erAstudy1

Angwers to the first two questions were eought by means of isotopic -
tachniquesn, while the third was answered by boih neutron activation analysis
and the ucelof Mnsa. It must be noted that evidence of the effacts of surgio
cal stress was found again in the present‘experinenta (Papavasiliou & Cotzias,
unpublished) {n spite of the fact that this time, the laparstomies wereAnot
performed in order to drsin the bile, but instead, in order to obstruct its

flow.,
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The excretion of injected Mnsa waa studied in rats by meeans of
total body coﬁniing. Complete, appérencly permanent abodition of the
igotope'e excretion was achieved only by obstructing eha enue, Biliary
obetruction always resulted in some degree of deceleration ef the isotope'e
excretion, which differed when other routes were used for the injection of
the isotope. When the isotope was 1njécted into the portal vein, the most
merked difference between obstructed aqd control animsls wes eeen, indicating®
that the biliary mengenese represents primatily hepatic manganese (Cotz}aa &
Papavasiliou, (¢énpublished).

A striking consequence of biliary obstruction was semn in animals
after they were given a dietary supplement of unsssoa in their pilk, which
i8 a2 manganese deficieﬁt food, (Cotziae & Greenough, 1958); Underwood, 1962),
§he rate of excretion of manganeaﬁ S4 is slow in the case of milkefed anie-
mels, and biliary obetruction decelerated it even more; When 2,2 7 of Hnss
were added per ml to the milk of the obstructed animals, no acceleration in
the excretion of ana wag evident, However, in the case of control animals,
feeding of one half of that amount of wangamese supplement resulted in s
mafkod acceleration ofAthe igsotope'’s excretion. The sum of these eleerin
ments 1nd1chtcd.that vhile moré then one gastrointestinal tributaries serve
to excrete manganese, it 18 the liver which reupﬁndn to ordinary metsbolic
demends by regﬁlating the metal's flux. EBxperiments with graded, massive,
parenterally aduinistered doses of MnSO, iﬁdicateé thet the bile-obstructed
animals also caen be forced to respond td a metabolic burden'if this burden

i8 lerge enough, Nometheless, even here biliary obstruction had curtailed

both the magnitude end the rapidity of the response.
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Since biliary obstruction ceuses & diminution of an animeal's
capacity ¢o excrete as vell as to regulate the flux of menganese, one would
expect en accumulation of this element proximally to the obstructien. Indeed
such an eccumulation was shown to occur by testing for both the radioactive
and the natural spacies of this metal., Abmormally high concentrations were
encountered primarily in the liver but not in other tissues tested, This
might have been due merely to the fact that these experiments were continued
for a maximum of nine days, during which time equilibraetion of the hepstic
pool with the other pools of the body might not had established itself.

These experiments must be pertinent relative to other forms of
Jaundice, since jaundice is obviously aAgrave darrangement of homeostasis
end one form of jaundice (the experimental obstructive vqtiqty) was shown
to affect the BRomeostasis of msnganees. |

Other derrangements of this element’s homeostatic control were
alluded to earlier in this paper. One intriguing such derrangemant is chronic -
manganese poisoning. Investigations of thes disease are of'pertinenée to the
study of extrapyramidal diseases in gemeral (Cotzias, 1958). A tenuous link

_ —

betvean mangenese snd some drugs which have both induced and alleviated human
extrapyramidal diseasas has been discussed in oom§ esrlier publications from
this Center (cQtzias & Borg, 1962 ;gBorg & Coteias, 1962); Cotsziam, Borg,
Bertinchaups, Hughes § Papavasiliou, 1961), These drugs sre derivatives of
phenothiasine, One such drug {s the common tranquilizor thorazine (Largactyl).

‘Aquooul solutions of these agonts were permitted to react with |
wanganic oxideshydroxide cnn+++). Highly colored metasteble compounds were
observed which were identified as semiquinone free radicals of these drugs

by masns of alectron spin reconance spectroscopy (Borg & Cotzias, 1962).
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These free radicals were not produced when some pharmacologically inactive
compounds werevtested, but only with therapeutically useful forms of these
diugs. In spite of thisvpatallelism it wase necessary to test also some
biological system for evidence of an interaction batween manganese and
phenothiazine drugs leading to the formation of free radicals. For reasons
which are not pertinent to this discnsa;on (Cotzias & Papavasiliou, une
publighed), such a test was con#idered as difficult for the prdment. Hence
an alternate approach became necessary, namely to seek for some biological
structure known to contain semiquinone free radicale and to determine whether
it contains manganese: The concommitant presence of free radicals end mane
ganese in one and the ssme gite would tend to enéourage further correlative
studias,

Some recent work indicates theg\gfifgig_:g?taina semiquinope free
radicals (Mason, Ingram & Allen, 1960 ; Longuet<Higgine, 1960). Additional
work has shown thet dark human hair tends to contain a higher conceamtration
of free radicals than does lightecolored hair (Rerkut, Edwards & Munday, 1962).
Purthermore, melanin granules isolated from the bovine choréid.were reported
to éxhibic a higher electren spin resonance signal when exposed to light’
than in the dark (Cope, Sever &A?olia, 1962) . Hence melanin granules emerged
as suitable sites for testing posasidble correlations betwesn manganese and
~ free radicdls. 'This had to be achieved agein without sacrificing the ine
herent guarantee of neﬁtron activation anniy.la against contamination,

. namely without the use of reagents. This meant that one could not {solate
the melenin granules. Therefore, contralied experiments were éonduc:ed
firet by analyring hair from six individuale who had both dark and white hair

on their heaﬁo and compstihg- the two, The concentration of manganese in
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hair varied msrkedly from one person to the next. Nonetheless, for any
given iérson,‘the element's concentration was higher by at least a facter
of two in the dark as compared to the control specimen. Since only two
shades of darkness coqld be discerned accurately when separatigg human heir,
'guimals (dogs and cows) were sought with more then two colors. The results.
confirmed those obtained with human hair, 8till, these diffefencea inmman~
ganéee concentration among the pigmented and the control specimens might
have reflected some local factor r8ther than 6n1y the actual concentration
of pigment, in view of the fact that each hair grows from a different fol-
licle, and the coﬁscitution of hair might reflect local conditions of the
‘skin. In birdé, hovever, a single follicle often produces a feafher with
multicolored barbs. Analysés of such barbs confirmed the previous exper-
iments.

The sum of these ﬁeats\iggifffgg_spat the-Pisﬁeﬁts gtudied con-
stitute a site of high concentration of manganese. One might argue hbwa#er,
that this was demomstrated only for ton-vigble tissues. Therefore, livtné
tissues were sought which might permit similarly controlled éxperimentation.-
The bovine conjunctiva has dark and white portions. The dark portions are
adjacént to the animal's cornea. Hence samples qf dark conjunctiva, white

55 concentration wes tested,

conjunctiva end cornea were activated and their Ma
These experimedts indicated that melanin granules in general might cgnsti-
tutee & eite of high accumulation of this metal,

By the same toﬁen, there emerqu a possible discrepancy betwaen
the above statement and our earlier claimﬁ, that it is the mitochondrion

which accumulates preferéntially two artificial species of mangahese,{uamély

Mn56 (Maynard & Cotszias, 1955) and Hnsa (Hughes & Cotzies, 1961)./ A recent
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paper (Dorner & Reich, 1961) indicates howevar that melanin grenules end
mitochondria might have certain similsrities of functiong in spite of
their dissimilar constitution and structure. Preliminary tests at this
Laboratory’on melanin granules from Amphiuma liver (Ven Woert & Cotziss,
uupubliahed) indicste thet these bodies contain high conceﬁtrétiona of
Mnss. Furthermore they also accumulate Mns4 to about the same level as do
the ¢nimal’e nmitochondria, These pigmgﬁted at:ﬁcturee also seeﬁ to contaim
& high concentration of the enzyme monesmine oxidsse (Cotziss & Dole, 1951)
according to experiments still in progress. It should be noted that radio-
mangsneee had been proposed &8 o means of studying mitochondrial functiom
'in the intact man (Borg & Cotsziss, 1938) and that monoamine oxidase had been
localized fn the mitochondria of rat liver (Cotzias & Dole, 1951)§ Cotsias,&
Serlin & Greenough, 1954), Hence it sppears that the melanin grenules of
Amphiums liver display two features {n common with mitochondria and Qill be
studied further,

CONCLUSIONS

Various arguments were elaborated in this paper, during theleveL-
ution of which there were manctoﬁed at one point or another, neutron activa-
tion enalysis; manganese,and soma of its radioisotopes; phenothiazine drugs;
free radicals; extrapyramidal diseasas; homeostatic regulation énd aberrae
tions thereqf. The paper was concluded by discussing wmelanin granules. .Dorv-~
all these diverse entries lend themeélves to some unificetion of additiénai '
usefulness besidas the4elaboration of the. arguments alreadj presented?

They do.
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The higher mawmals and man are sensitive to sponkSneous experie
pental extrapyramidal digease while lover animals appesr to be refractory,
/_—_—__.’ h

The higgg;~;;;hals have pigment grenules in the substaptias nigra of their

brain, and the lower ones do not. In man, some extrapyramidal disezses

are cﬁaracterized at autopsy by & loss of this pigment. The pigment granules
examined to date contain various metals (1ﬁ°1“d1“§4222§333352 as well as free
radicals. Therefore s high probability emerges that concenttétéd invaesti-
gations of these pigment granules might serve to unify studies of various

extrapyramidél diseases of variable induction end etiology.



Figure 1

Figure 2

Pigure 3

Figure 4

LEGENDS

" Total body content of metels with proven structural or

functionel roles, Computed from Altmen, P,L. (Editor)

Blood and Other Body Fluids, Federation of American Societiee
for Bxﬁefimsntal Bid&ogy (1961); Spenser, William S. §Editor)
Handbook of Biologgcsal Batag W.B, Saunders Co. Phila,(1956)%
and Tipton, I.H., Cook, M.J., Health Physics #1963) 9: 103.
The bulk metals are in wﬁite, the trace mefals in black,
Highly sequestered iron of ﬁyoglobin, hemoglobin and boné

is shown in white, Trace iron is in black.

The gamma ray spectra of 100 ul of blood and serum are shown
at the top. The corresponding purified radioactivities are
arethe bottom. (From Papavasiliou, P.8. snd Cotzias, G.C.
(196G8) J. Biological Chem. 236: 2365. Reproduced by permise

sion of the Rditors.,

Solid circles correspoand to serum samples to which manganese

\

was added, The open circle depicts the manganese concentra- .

tion of that serum. (Prom Papavesiliou, P.8. & Cotziaes, G.C.

"(1961) J. Biological Chem. 236: 2365.

Change of the Hns‘ concentration in the whole body, the liver

abd the midthigh of a woman who received prednisone.

Same as Pigure 4 but with plasma manganese concentration plotted,

Change in the concentration of Mnsa, Mnss and specific activity

{n the bile of a rat under surgical stress.
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