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RECOVIRY Jd.0 EETINATION OF RADIOACTIVE ILOLUFLS
FROIG EIGLOGICAL pesuus. 1 coLD.
Rayburn ¥, Dunm*
Divisior of hedicel Fhysies, University of California, Berkeley

In order to ctudy the disiribution of gold in eniral and human *..esues,
it vias neceesary to develop a rapid and nuantitative methed for the recovery
and estirstion of this element. Joward this end, use was made of the
experience zained, durin; 1942 nnd later, vuith the electrodeposition methods
cmr.loyeé on the !anha-%en Project (unrublished parers, (1) (2)). Investi-
-ations alorng shese lines were also cncouraged by the successful usc of
clectroderosi tion in the deterrdnution of rmdjoactive iron by hoss and Chapin
(3), iiahn (4), and others.

.Dy the uée of the electroderosition Lechric, thin, uniform films of
<he redio-elereni ray be obtained, which car ther be used fer the dctcrmination
of rodiogetivity. :.-‘aandnz;d Gedzer or alpha counters are employed for these
reasureents, ce the case may bte.

A8 eerly as 1918, Ue.its, Caldvell, erd Lecvell (5), had shown izt
i~ wes jocsille 50 delermine uravirmcirically the emounts of old present in
biologicsl siccues, 2fter slecurode; osition on rlatinuz electrodes. Details
of :ite nethcd amployed by these euthors could rot be found, élt-houjl a brief
description mes furniched; narely, Kleldahl Jizesiion, followed by evayoration
%0 gbout 1 ce. reatment with aqua regia, erwoniam, and neutralizetdon .ith
HCl. Ihe soluticn wes filtered, mede slightly ecid with liCl, :nd buffered with

rhesphorie ccid-sodiunm phosphate. Flasizll.position wis carrded out in

#Fellow, John end Hary Larkle Foundution for the study of Rheumatoid Arthritis.
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40 ec. of eolution, at &0° C., end 1 to 1.2 Avol‘:.s. Current dercity vas rot
. civen. hecoveries of £ = 100% were obtained with 0.02 to 0.3 mg. of gold.

’ soott (6) glves methc;da for the determinntion of zold in electroplate
bt;t-hs, and uleo cutlines & microearalytieal procedure (7), cach usirg
pletinum anodes and cathodes, and rcteselum cyanide [lating solutions.
Frocedures for the commercial ylating of gold ere :ivon in standcrd references
end trode journals (8), (11), (12). uost of these nethods erploy ;old anodes,
ami either chloride or cyanide pleilng beths.

1n gereral, the method herein described follows cloccly the silandard
jrocedures .i’or ihe seraration and electrodepositien of sold.

EXFildi i TAL

Electroderogition arraratue ‘The mnode coneisis of 0.040" diam. rlatinum
wire wourd 3n a flat spiral. fhe vcrtiegl lergth of wiro is sealed into gluss
and both cre conrected intc e cuitably drilled btrac: rod, 3/€" in diam. The
latier is fixed in the chuck of e stirrer rotating &% ¢bout 300 r.p.m.

Ccathodes are 13" dler. discs, 0.002" thick, ¢j'her of ;lainum or jold-
rlzted corper. rletimum rust be used for exacting work, tut, for reaszons of
eccrony, the plaled corper was eubstituted in carrying out these exjcrimenis.

e electroderosition cell, shown in Fijure 1, uses a U o.d. pyrex
tube, 3" lorJ.%

Ureratin; current is eupplied from two cells of ¢ 6 volt storage

tiery, An az eter with 2 range of 0 - 1 amp. end a 1 wati, 20 ohm rheostad '

are Flaced in cerdes with the electrodeposition cell. The actual epparatus*®

*Deteiled drawinzs can be furnished upon requost.
**Desizned and corstructed by Lir. Hobert Loevinger, tkic luboratory.
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consists of 24 such unite, arranged in two tanks of 12 each. Each unit has

a toggle switch for throwing the ammeter in or cut of the circudt. For work

-

uifh gold, a beiter arrangement would be to© use an ammeter with a scale of

0 - 0.2 amps. and & variable resistence of 50 ohms. Fach unit should have

a fuse to protect both the emmeter and the resistance, and a voltmeter should
be provideci to measure the potential drop bsiween ancde and cathode. The
apparatus used for this work had been built for another purpose, and could

not be modified in the time available.

grocedurs The welghed tissues are digested in 25 ml Erlenmeyer flasks,

using either aqua regle, or concentrated nitric acld plues superoxcl. In
elther case, only small amounts of reagent are added at one time. If excessive
frothing is encountered, one drop of ootyl aloohol is added. Complets oxidation
of the latter, as well as the tissus, must be accomplished before proceeding
further.

As a carrier, 2,0 ml of a reagent grade gold chloride solutdcn may be
added either before or after digestion. The concentration of this solution
should be accurately known, and the solution should contain approximately
5 mg./ul. of metallic gold, as the chloride. The concentration of gold in the
carrier solutdon 1s determdined either by electroderositdon on tared platimm
discs, or by evaporating a knomn volume to dryness in a tared poréelain
erucible, followed by heating to decompose the chloride, cooling, and weighing.

Upon completlon of Aigestion, excess nitric acid is removed by adding
successive small amounts of concentrated HCl, with heating. The resulting
solution 1e ‘evnporated t0 1 ~ 2 nl. and transferred to a 15 ml. centgiﬁzge cone,
Only a roughly quantitative mafa' 13. needed, since the electrodeposited film
1; to be wedrhed, and recoverier ug low as 90, or ewen 80%, ere acceptable.

13131



Py

FeWLIVE Moy Crrvied Wiiv®

Records Sorlas Tlle Do, fopwee y g orass Dicess S

Aceasslon No, =£9-a:08 <

Flio Code No. CETY. XA

Carton No, s
Foldor No. =

Noles = !

Found By £ HALL
Dales

Sy

The peparation of the gold from all or nearly all of the assoclated
elements in the tissue digest, 1s accomplished by reducing the gold to the
metellic state. The reducing solution is mede up to contein ‘appro:dmatelq
10% NHAOH-HC1 and 0.4% FeS04-7H20. 2 ml, of a freshly prepsred solution are
used for each 10 mg,, or lese, of metsllic gold. Reduction is hastened
’by placing the cones in a besker of hot water which is lkept Just below the
boiling point for 15 -« 30 minutes.

After centrifuging, the supernatant liquid is discarded. The centri-
fuge cone wall and the gold may be washed, followed by centrifuging, and
the wa.sh solution eleo discarded. Although this is not considered necessary
for routine work, it was carried through when the pet of determinations
shown in Table I were made.

The pellet of rrecipitated gold is readily dissolved in a mixture of
4 drops of concentrated HCL plus one drop of concentrated HNO5. Placing the
cone in a beaker of hot water accelerates the reastion, which is usually
conplete within 15 mimates.

The aqua regle soluiion of gold is made alkaline with 5 ml. of 1 N NaCH.
After mdixing, this eolutlon 1s trans;?a:red to the electrodepoaition cell,
The latter should be assembled using a .tared and mumbered disc, and should
have 2 ml. of a 5% solution of KON in 0.1 K NaCH, covering the disc before
the gold solution is added. The centrifuge cone is washed with distilled
water, vhich 1s also poured into the cell. In routdne work this is accomplizhed
by £11ling the cone once with distilled water, followed by transfer to the

. cell. '
The anode is placed in the solutiom at about 3/4" to 1" from the
cathode. The cuwrrent is adjusted to aprroximately 85 ma. Since the actual
plating ares is about 8.5 gq. cm., the ourrent demsity will be 10 ms./sg.cm.,

1113138
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or approximately twice the current recormended for commerclal electroplating (9).

Derosition is allowed to proceed for one hour at room temperature. At
the end of this time an additional 2 ml., of the cyanide solution are added,
followed by another hour of electrodeposition,

Upon removal of the anode, the cell contente are discarded, and the cell
is washed with distilled vater. After disassembly, the dlsc is agsin washed,
rinsed in acetone, and rlaced in a warm rlace to dry. The gross wedght is
generally obtained before the radicactivity is deternmined, although this is
not essentdal, )

the 3 . 1. Digestion. As often happens in the wet
digestion of bilological tissues, there are occasional samples which precipitate
difficultly soluble crystalline salts upon evaporation to small volume, Vhen
such ooscurred duriny thias work, the solutdon and precipitate were transferred
together %0 the centrifuge cone, and the procedure carried through as with the
other samples. The presence of thls material, which was always in very amall
amounts, apperently did oot interfere with the results,

When ootyl alcohol is used to prevent frothing, a waxy material is
frequently formed which haa a low melting point, and which may not be observed

" until the solution is cooled to below room temperature, Precautions should
be taken ‘f.o obtain corplete digestion of this organic matter.

The use of nitrio-perchloric acide for digestion was not investigated,
gince it was felt that fhe excess perchlorie acid might react with the hydro-
sxylamine, and thus interfere with the reduction of the gold. Excess nitric
acid vas removed for the same reason, .

2. Reduction. The use of both hydrovylanine and ferrous sulphate was

investigated. The laster reduced the gold more repidly than the former, but
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gave a prebipitatg which dissolved less readily in aqua regla. Ihen using
1"050‘, thers vas usvally a smll amount of unwetied gold floating on the meniscus
.after centrifuging. This gold was either lost upon decantation, or had to be
removed on a stirring rod, and returned later. Reduotion mith hydroxylamine
occurred in three distinct pheses; namely, reduction to eurcus, formation
of colloidal ;jold, end finally, precipitation of the metal, Unwetted gald was
not usually obtained when this reagent was employed, but the formation of a
light "gold mirror" was frequently obssrved. .hen a mixture of both reductants
was used, both phencmena were less pronounced, and the rate of reduction vas
about the same as with ferrous sulphate alone.

The influencs of acidity and salt concentration uzon t«hé rate of reduction
and character of precipitated gold wae not invéstiaated. A considerable range
of conditions was encountersd, but the results in all cases were satisfactory.

3. Solution of gold in aqua regia. Vhen mirror formation was encountered,
the ocone was placed in only about 1" of hot water to hasten the dissolving
reaction. Sufflcient aqua regla condenssd on the wall of the cone io dissolve
the mirror qomple‘:.ely.

4. Addition of NaCH. If insoluble salis are present after digestion,

a nhite precipitate is usually present, or is formed, at this point, If desired,
this ipsoluble mt.eriﬂ may bo removed by centrifuging before the solution is
transferred to the slectrodeposition caell. This wes not done with the experiments
reported,

5. The cathode disgc. Both platimum and goldeplated copper discs may be
cleansd by immersing in warm concentrated sulphmuric acid-dichromate cleaning
soluticn. 1Mth the latter type of disc, immersion should not de for longer
than 2 to 3 mdnutes, since the plate does not offer sufficient protection to

the copper -to provent its dissolving. Both iypes of disc mst be thoroughly

F113140
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rinsed with water after this treatment. The platinmum discs may be dried directly,
but an acetone rinse is first recommended for the gold-plated copper. Heating
the platimm discs over a burner, in order to dry them, 1s rot recommended, since
they then lost thelr terper, ‘and ere core difficult to handle without bending.

Early experiments carried out by Bertrand (13), indicated that plain
copper discs iost, rather than gained weight, during electrodeposition. With-
out investigating this problem further, it was decided to try gold-plated
copper disca in the hope that the formation of oxide film on the surface of
the copper, and attack of the copper by the cyanide plating soclutdon, could thus
be reduced or eliminated. The alternatives wers to use either gold or platimum
discs, which, in view of the pumber needed, and difficulties involved in Temcoving
the radioactive layer, would not be economical. While the use of plated copper
d1d4 not entirely eliminate the weighing error, the results obtalned were satis-
factory for this type of analysis.

The thickness of the gold plate, which was dons commerclally, was not
determined., Ths actual plating vas done on strips of copp.er 40 x 1-3/40 x
0.002", The }4* diam, discs wers then punched cut.

6. Electrodepoeition, It was frequently observed that the plated discs
in the assembled cells would discolor u'pon transferring the gold solutioms to
them, This ocourrence was mirdmized, but not entirely eliminated, by adding
the oyanide solution to either the cone or the oleotrc;depoaicion call before

" transferring. Reither the cause of this reaction, nor its influence upon the
" gravimetrioc dotermination, was investigmted. '
The oolor of the gold plate on platimum discs was either yellow or light
" orange, while that on gold~plated copper veried from light rose to brown. The
color, in the latter case, as pointed out by Welsberg and Grabam (10), was
probably du_e to the presence of copper in the plating solution, Gold plates
on platimum frequently showed small blisters, in which case the deposit vas

I3
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- easlly broken loose upon soratching. Ths use of a wetting agent, such as

one of the alkyl aryl sulphonates, 18 outlined by Hartshora (13), might eliminate
ﬂ'ﬂ.xs AfMoulty. Blieterﬁg was not observed with the plated copper dlscs,

but the deposit on theae dlsos could be rudbbed off to an appreciable extent,
perhaps due to tho admixture of copper.

The decision to use alkaline cymnids plating solutions, rather than acid
chloride, mas based upon the assumptlon that, in the case of the latter, there
would probobly be some attack of the platimm anode dus to the formation of
{ree chlorine, and, therefore, deposition of platinum vith the gold., The
possibility of attack on the platdmm by f.he cyanide, however, is not ruled out.

RESULIS

The data shown in Zahle I should be divided into thres groupe. Deter-
ations 77 through 84 were carried out with nhat 13 considered to be the proper
amount of carrier gold to insure complete recovery of the radicactivity, and
at the pame time to give a sufficient amtunt of deposit for gravimetric purposes;
namely, 10 mg. Determinations 85 through 92 were carried out with less than
10 mg. of carrier gold. [ith both of these groups, the variouo solutions were
added directly to the assembled elsctrodsposition ceila; as follows: 5 ml.
of 1 H NeCH, 4 drops of concentrated HC1, ome drop of oconcentrated HNO, 2 ml.
of 5% XCN, the carrier gold solution, and the radio-gold solutiom. Distilled
eatar mas adled in each caase to make a totel volume of approximately 30 ml.
Determinations 77 through 92 were, actually, 8 sets of duplicates.

The third group compriges determinations 93 through 96, Thie group of
four identical determinations was carried out to tcst the recovery and electro-
plating procedures under carefvlly ccntronad conditions. For this purpose,
thres normal adult mice, weighing 20 to 25 grams each, were dry ashed in the
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muffle furnsce at 600° G. The ash wms taken up in aqua regia, and the excess
HRD5 removed, as outlined in the procedure. The resulting solution was diluted 4
10.150 ml., and 10 ml. portions were used for each of these four determinations.
The carrier and radicactive gold solutlons were e;dded; and the procedure above
~was then followed. '

Two typloal sets of biologloal date are given in Table 11, These data
were collected during the course of the az:ﬂ':ritis work carried out by Bertrand
and Tohias (15). These eparations and electrodapoaitﬁ.ona were sctually carried
out before the date, shown in Tebls I, were obtained.

DISCUSSION

No explanation is offered for the 101% average recovery of added gold,
Tabls I. Since the error involved 4in blological work is usually greater than
the error which would be introduced by using the percent carrlier gold recovery
as a factor in calculating the radioegold recovery, no further work was carried out
1o eliminate this discrepancy. The pércent recovery values, shown in Table 1I,
wers therefore used in caloulating the original tissue gold activity (15), not
rerorted herewith,

One surprising result obtained, as shown in Table I, determinations 85
and 86, was the 91% recovery of radiocactive gold when no carrier gold was added
40 the solution in the electrodeposition cell., The solution of radicactive
gold contained 5 micrograms of metallio gold per ml., in the form of sodium
gold thiosulphate. The quantitative recovery of gold, during electrodepcsiticn,
therefors, was greater than ona would be led to expeot, the loss in disc wedght

" notwithstanding. ,
) In carrying out the gold purification procedure with tissue digests from
the arthritic patient, Feso4 was used as a reductant. Trouble was experienced

(113143
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only with the urine and feces samples. Upon adding the reductent to the
digested solutions from these sarples, a red-brown floculent precipitate was
obtained in three of four cases. The fourth case appeared to give a nomal
Frecipitate, but, unfortunately, the sample was lost upon centrifuging, and s
beiter observation could not be made. The abnormal yrecipitates wmere completely
soluble in concentrated BCl, showing that reductiom had not ocourred. The
addition of hydroxylsuine to these samples gave normal precipdtation of the
gold. The use of the mixed reducing solut:ion with these tmo types of sample,
has not been tried, rrincipslly for lack of time.*

The reswlts with the rabbit tissue samples, also shown in Table 1I, were
obtained using hydroxylamine alone as a reductant. All determinations given
in Takle 11 were carried out using "routine,® or rowhly quantitative transfer
technics.

SUNMMARY

1. A method i1s described for the recovery and estd:ation of radiocactive
gold from blologloal tissues.

R« The results obtained with this procedure are well within the allowable
error for this type of determinpation. A

3. Under a rather wide range of oonditions, satisfactory resulia were
obtained in all cases. _ )

4. The method is rapid, requiring no special technics, and the electro-
deposition equipment is fairly simple,
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Some Physiological Studies on Rheumatoid Arthritis
-
John J, Bertrand -- Cornelius A Tobias*
introduction

A year ago we set out to study certain physiological
factors in rlicumatofd arthritis. One of thess was tho circulation of the
extremitieos,Very 1ittle new was done in this field during the past six months

becauss we tried to focus our attention on a second factor, the study of

which was also begun last year: the fate of gold in the human and animal body.
Using the convenient radicactive isotope Aul%, soms gold distribution data
have been obtained and reported in December, 1946, After a few initial
experiments it bscame obwvious %t a more .caraml study would be desirable

#We wish to acknowledge the support and active participation of Dr, John H.
Lawrence, Director of the Donner Laboratory of Medical Physics; of Professor

. Kerr, Chairman of the Department of Medicine of the University of California;

of Dr. Hans Waine of the Department of Medicine; and of Dr. Inman of the
Department of Surgery.

A11 work was done at the Donner Laboratory of Medical Physics, with the

' excapti:on ‘of the human experiment, which was made possible through the coopera=

tion of the University of California Medical School,
The work was supported through a g}ant from the John and Mary Markle

Foundation. The radicactive gold wes supplie:'l by the Isotope Branch, Atemic
Energy Commission,
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and that the dynamic picture in the exchange and distribution of gold is very
important, Further, the fate of gold in the body seemed to be a sensitive
function of presence or absence of infection. The following chapters outline
various types of experiments to elucidate this point. These experiments may

point a way to the underatanding of the mechanism of action of gold drugs.

Rabbits were used as subjects in carrying out the gold distribution
experiments. Radicactive gold was injected intravenously in the form of the
sodiumthiosulphate salt, All radicactive gold, (Anlge) , Was obtained from
the Oak Ridge pile and was processed by Robert Lilly of the chemistry astaff
of the University of Californis Rediation Laboratery.

The iabbite were sacrificed at varied intervals and before sacrifice,
under ether anesthesis, were, perfused with from one to two liters of N-saline
solution. This was done by introducing saline into the proximal end of the
infsrior vena cava and allowing the animal to bleed through the distal end of

the same vessel.

-In Table I the distribution of radicactive gold in ‘two rabbitéi;eported in
terms of percent of total administered dose per gram wet tissue 15 and 17

days after injection of the soluble gold,
It will be noted that values in animals "A" and "B" show considerable

variation. Animal "A" had received turpentine into its knee joint to produce
a chemical arthritis, while animal "B" was normal, Further studies are made
to find out the statistical significance and the possible cause of the

difference,

FT13150
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Table No. 1
Gold Distribution in Rabbits
Aasay by the electrodeposition method
Rabbit A (chemicsl 'Ratbit B ( hormal) -
arthritds) 198 E 198
Dose 695A4.LC Au ' Dose 404 ALC Au
2,5 mg, Au ! 1.0 mg, Au
Sacrificed 15 days after' Sacrificed 17 days after
injection ) injection
|# of injected|% injected | % of injected | £ injected
jdose per g in nhols ' dose per g in whole
|tissus - organ tissue organ.
Kidney T W34 7.4 .07 1,47
Spleen N 74 A2 .03 A
Testicle .034 ’ .010
Articular Cortex (Bone)‘ .04 | .007
Adrenal .053 i .03
; Ldver .102 6.53 .006 .42
: Marrow .085 4L.,67: .013 .71
Lung .03 1.20 .006 24
Aorta .032 .012
Synovia .056 L0
i Tendon 021 ,023
Small intestine : 015 4.85 i +006 1,9
Bone 002 W7 lou 4-9
. H‘ut .026 .28 .009 01
i Muscle .005 5.05 .002 2,52
Skin ¢ .038 v 4.06 , 06 1.76
Blood : N - X L } .86
 Lymph node ! ; 012 i
: Total in body 1 35,508, ;14,96 !

The dry ashing technique described in the previous report has certain inherent
sources of error; mainly, self ~al:osorp‘l:i.on by inorganic matter present in the
dishes that are used for counts. This will vary in amount according to the
tissus concerned; a sample of bone containing large amcunts of inorganic material,
while an organ such as adrenal will contain very little. For this and other
reasons mach time was spent in developing a method of gold separation by elsctro-
deposition, which work was developed by Mr. Rayburn W. Dunn, a description of

which appears in this report.
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‘The results obtained from the elédiro-deposition method varied somewhat
from those of the dry ashing, As will be seen in the detalled
report on the electrolytic process, the results sre very accurate in respect to
recd'very of gold and uniformity of counts for unit weight gadned by the copper
planchets.

In preparing tissue samples for the deposition process, all specimens
nere weighed on an aseay balance and then digested wlth nitric and hydrochloric
acids, using hydrogen peroxide as an oxidative aid. This takes from 24 to 72
hours t0 do and is very laboricus., At the present time we are trying a more
rapid method, whereby the tissues are diced, dried and ashed in a muffle furnace
at 650° C, The ash is then dissolved in aqua regla and put through the standard
electrolytic process. By this means it is hoped to avoid losses, which ocecur ot
infrequently during acid digestion, due to toiling over of the solution and also
important, to save time.

The results obtained are scmewhat similar to those published by Freyberg (1),
using the method of Block and Buchanon (2), nhich depends on a colorometric
test. (See Table 2.)

£ total

ng/em injected
Heart f .003 .02
Lung. I .015 ‘ A1
Spleen t 038 f W27
Liver L : 1.55
Kidney 8 | 5.41
Table .2.

Gold Distribution in Rats. (Freyberg, et al.)

(113152
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Comparing these results to those obﬁined by us~-considering the same
series of tissues--we sse that spleen is second in activity to kidney, instead
of liver; the other organs in their group agree with our findings. The several
other references in the literature on gold distribution were rather incomplete.
(3, 4, and 5.) One other study using radioasctive gold as a tracer was done in
1940 by Ely (5), honever, the methods used wers not well standardized and the
results were inconsistent.

Gold Distridution in Blood

During the course of these investigations it was thought worth while to
study the fate of gold in the blood stream with a view of determining how the
gold salt is transported through the blood t0 the various tlasues of the body.

It. has been stated in the literature (1) that erythrocytes contain no gold. In
order to check these findings a series of experiments wers set up.

The first thing AOno was simply to take whole blood from an animal previcusly
injected with radio-goldthiosulphate and separate the cells from ths plasma by
cent.ri!‘ugaﬁ.;m. The cells were then washed twice, ashed and counted, the plasma
1ikewiss being ashed and ceounted. In percent. of total rsdioactiwity of dblood: cells
56,2%, plasma 43.8%. This experiment was repeated "in viiro®, varying it by using )
difforent strengtbs of radicactivity to see if cells would absorb more activity
in stronger solutions. Four cc. of blood were removed from a normal rabbit and
mixed with 50 cc. #aline. Four 10 cc. samples were taken of this suspension and
mixed with .2, .2, .3 and .4 cc. of the radicactive gold solutdon. The cells .
were exposed to the radicactive solution for a pericd of 1% hours at room
temperaturs, were then washed tnice, ashed, and counted. All supernatant flulds
mere saved and ashed. From the data (Teble 3) it appears that the cells freely -
absorb the solution employed; hoﬁever, it is not proved that the gold is entering
the cells, identical values being possible if the gold were merely being absorbed
onto the cell menbrane.

F113153
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Radiocactivity of blood after exposure to Au198 for 1% hours. Values
expressed in counts: - per minute.

Table 3
{ Sample | Authiosulphate , Cells c¢/min ! Supernatant (plasma)
] t
l 1 A 0.1 cc ' 9%0 ! 3,650
P2 1 ozee | 1610 7,360
l 3 ‘ 0.3 cc ' 1985 { 10,300 ,
b 0.4 cc ! 2060 | 15,230 t

A sample of five cc blood was removed from a rabbit previcusly injected
with radioactive gold thiosulphate., This sample was mixed with 50 cc. saline;
5 cc. of this was taken and centrifuged. The blood cells (Sample 1-C) were
separated from the supernatant liquid (Sample 1-S). The remaining 45 cc.
suspension was then centrifuged and the cells washed twice, resuspended in
45 cc. saline and allowed to stand at room temperature for 75 minutes. A
second 5 cc. sample was taken, the cells being then separated from suspension
(Samples 2-5,2-C). Remainder of suspension centrifuged and cells resuspended
in 40 cc, saline. After 75 minutes a third sample was taken (3-S‘, 3-C), A1l
of these samples ware then ashed in porcelain Qiahea and counted, Results are

given in Table 4,

Table 4
Partition of gold between blood cells and saline

\

Counts/ml min || Supernatant | Counte/ml nini Time

N 1
Cells | |
, )
1-C 694 “ 1-5 [ 5650 0 min.
2-C | 156 |3 ; &0 75 min.
| 3<C_; w0 I 38 : 85 | 150 nin,

There is an indication that some of the gold is bound to the cells, for even
though the radioactivity of the cells falls off with each washing, there is
st111 considersble left at the end of the experiment. The value 100 for 3-C
1173154
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is still approximately one-seventh its strength after repeated washings and a
lapse of 14 hours time, At the present timo experiments are being set up by
which we hope to be able to demonstrate definitely whers the gold is found,
Time Distribution of Gold in Blood _

For several reasons we thought it important to determine the rate which
gold left the blood stream after an i-v injection.

We first used a dog wnder nembutal anesthesia, A tracer dose was injected
in the anterior tibial vein and 30 minutes after radio goldthiosulphate vwas
injected, the first blood sample was drawn, this being continued at half hourly
intervals for 4} hours. These samples were then ashed in the routine way and
counted. Graph #1 shows the results. The experiment w:n repeated on mice,
rabbits,. (graph #2) and one human, (graph #4), all of which suggested the same
process; e.8., a removal of the drug from the blood stream with a subsequent
partial return and a final drop, A possible explanation of this could be that
the liver is removing the drug from the general circulation, changing it in
soms way - perhaps into a less toxic form - and then giving it back to the
circulation. An attempt was made to discover that the liver mas involved in
this phenomena, A Geiger counter placed over the exposed liver of a rabbit
failed to indicate accumilation and subsequent release of radiogold. Presently
a second theory is being tested:‘ namely, that some of the gold gets phagocytized,
then 1s released into the circulation contained in the white célla.

: ,‘ u g 2 0

As an -nid to the problem of gold distribution it was felt that the taking
of radio-autographs would be instructive, consequently autograrhs of various
organs were made, of vhich some of the better are printed l"xere. We strongly
desired to obtain autographs of bons and joﬁt structures and this was done by
Miss Dorothy Axelrod, using her technique of sectioning undecaloified bone (6).

1173157
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We ren into difficulty, however, because of tbgilg:it‘ life of gold, which is 65
hours. Axelrod!s technique makes use of caleid‘.n imbedding, which takes about
10 days in the case of bone., Because of ths elnpsed time, radicactivity became
much too low to get a satisfactory pleture. 7Tac problem was one of penetration
time of the celoidin into the bone. It was thought that if all gases could be
eliminated from the bone and then pressurs npplied to the bone submersed in:
celoidin - a process used commercially - tha ton day period could be reduced,
For this pm-péae a metal chamber, large encugh to contain an imbedding dish and
fitted with two outlet tubea was constructed.(See diagram 3) A vacwum of 5 mm
Hg. was applied by means of a standard Hi-Vac pump for a peried of 30

minmutes, the vacuum made use of to inatill the celoidin and then approximately
three atnospheres pressure applied overnight. By these means satisfactory im-
bedding was achieved in 24 hours, the resulting sections (5 microns) were good
and radioautographs.of articular structures were made.

Plate one shows a five micron undecalcified section of rat bone through
the knee joint. The second plate shows a radioautograph made from the same
seotion, A number of facts about gold deposition can be seen in the autograph.
The synovial membrane can be seen fairly clearly defined (A)., The articular
surface (G), and the menisci (B) apparently take up very little gold, Spongy
bone of the metaphysics has a good exposure, probably due to the content of
marrow. The periosteum at (H) has considerable activity. Compact bone at (E)
seems to have little sctivity, while at (e) 4t is markedly higher. Unfortunately,
the periarticular structures, such as c;paulo unci Quadriceps tendon were lost

in sectioning,

Chenmjca) Arthritig

fle have made a few preliminary studies on producing a chemical arthritis
and noting its effect on the distribution of gold, being interested mainly in

the articular structures.
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Two rabbits were used, one kmee joint of each being injected with 0.5 cc

of a solution composed of USP turpentine, 3 parta, dlethylether, 1 part. Three

days later this injection was repeated, Ten days after the initial injection

they were both given radioc-goldthiosulphate by i-v route,

Five days subsequently

one of the rabbits was sacrificed after first being perfused with N-saline as

previously described, The rabbits had not been walking with the injected limb

since 24 hours following the initial treatment.
twice its normal size and was tender and hot to the touch.

synovia showed proliferation to a moderate degreo;

The joint appeared swollen to

On autopsy the
the articular surfaces were

dull and roughened and sterile abscesses were present in the muscle mass both

above and below the joint,
1y higher than the control site,

Table 5

Gold Concentration in Joint Structures of Normals and Rabbits
with Chemical Arthritis

Activity of the pathological tissues were significant-

Rabbit No. 1 i Rabbit No. 2 ;

i ' T *

g | dotivity  |% of total | P Rotivity  |% of total

: Counts ! per g. tis- Lnjectad/g., Counts | per g. tis- | injected/g
. sue in £ of | tissue ‘ sue in % of { tissue

kidney , iddney |

Articular l : ;

Normal Cortex | 1415 | 10.7 .05 E, 180 | 24,7 a3

1

Articular 5’ |

Path, Cortex 2920 19.3 .085 260 | 34.9 A9

Normal Synovia | 700 | 16.2 o | s 20,9 26 |

Path. sydavia 4325 ' 57.6 255 i - ‘ . Lost i

Normal Tendon 210 | 6.3 .028 } 3z ‘ 43 .023 i

Path, Tendon = 11180 | 28,. 124 | 385 s 275
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These results even though they definitely cannot be compared to a rheumatic
joint in a human, do show the response of the knee joint to an inflammatory
proéﬁu and its effect on gold concentration. As mentioned in the section on
blood, we are working at the present time on the question of what component

of the blood concentrates the gold. Ve have some evidence that the white cells
may be responsible. The above data tends to support this, for in the presence
of inflammation the cellular response of tl;e body would accumulate large
masses of phagocytes at the area giving the increased activity shown above,
Human Experimentation

Through the cooperation of Professor Joseph Kerr and Doctor Hans Waine
it was possible for us to start some gold distribution atudies on arthritis
patients. To this time we have only administered radioc-gold to one human, but
we hope ihat this will be repeated in the near future,

The patient selected was a 57 year old white female with rheumatoid
arthritis of a moderately advanced stage and of approximately ten years duration,
Painful motion was present in both knees with only a small reduction in motion,
Patient had never received chrysotherapy. She was giien 1010 u.8., of radio-gold
as gold-sodiumthiosulphate, representing ,‘2.5 nmg. of gold. Two cec, blood samples
were withdramn at 30 and 0 minutes end then hourly for eight hours., Pooled
daily urine and stool samples were taken.for two days, Twenty-four hours after
administration Dr. Verne Inman biopsied her left knee taking the following
specimens: skint superficial fascia and fat, deep fascia and fat, synovial
fluid, synovial membrane and muscle. The first day urine sample was lost during
processing. Data ars contained in Table 6.

1113162
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Table 6
Gold Dictribution in Rheumatoid Arthritis Patient

_Biop"'aiee 24 hours after intraveneous injection of 1 me Aul98 as Aurothiosulphate

Radioactivity per g tissue

: Counta/min % of total activity
| injeoted
{
' Synovia 2950 i 014
| Synovial fluid 1205 .0094
! Muscle 355 .0013
| Sup. faseia 100 .000366
| Deep fescia 163 000596

Sidn 210 .00077
] Total amount excreted
| 2na day urinex 685,410 2.51 E
1 1st day feces 22,980 .084
i 2nd day feces 87,555 .32 |

#lst day urine lost in process

Of the tissues taken, synovial membrane is by far the most active with the
synovial fluid next. in vact.ivity. This shows very clearly that in humans
afflicted with rheumatoid uthritis , synovial membrane is at least somewhat of
a concentrator of gold. The results of the blood samples are interesting in
t.hat they demonstrate the same phenomena seen in the experihental animals used,

From the same patient hourly blood samples were taken following 1.v‘. injection
of the radiocactive gold, The resulting data are plotted in function of time in
diagram 4., The dip in the curve is quite striking, even more so than in the
animal experiments reported above. FWhen blood samples from a normal young
{24 year old) subject were taken only a small dip could be demonstrated.

Sunmary -

Distribution studies of radicactive gold wers contihued and refined in
rabbit, mice, dog, and men. It appears that animals with ertificially-produced
chemical inflammation retain more of the gold than normal omes. Much of the gold

F1131bY -
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is probebly taken up in the phegocyies, especially ut the site of inflammation,
Here the concentration may be 5 t0 10 times normal.
£luid had a high concentration of gold in a rheumatoid arthritis patient.
Differéntial uptake of gold in the synovial membrane of the knee joint has
been demonstrated by radicautographic technique.
sodium thiosulphate, the gold content of blood rapidly decreases during the
first 1-3 hours; it then increases again reaching a maximum at 3-6 hours.
The work is being contimued.
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