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In order  to ctucly tile di3:rfbutlon of eold in a n i a d  oncl iwmn t-.Esues, 

it r1n5 nece~sory to develop n r a ~ l d  and quantitative mothod for the recovery 

orxl Cstfrfit9on of 312s elemnt. : o r d  

q e r i e n c e  ~ainccl, @in;. 1942 and later, o i th  the eloctrodeFo6itiun methods 

end, use was mde of the 

cc~.loycd on tAe :anha:bn Project (unrublished ppers ,  (1) (2 ) ) .  Investi- 

,+stions alor::: Zhcce lirros nere also cr-corrragcd by tho ct:cceeshil usc of 

clcctrodepcltion in ~ I Q  8eterrLnution of ntr3joac:ive iron by iioss and Chapin 

(3) ,  iidm (4), and others. 

by the uee of the e lect ipdqos i~on LedrAc, t!iin, uniform fllmc of 

=he rcidfo-olerr.cn2 ray be obtained; .di?ch car. *hec be us& fcr L!Ie dctcrcinat ion 

of radioactivity. 

r.oasura:cntc, :E U ~ O  case mey te. 

L ' d d  C & ; p r  or alpha counters are ecployed f o r  these 

As eeriy as  1918, Lie+'.lt:, Caldvell, er.6 Lecvell (5 ) ,  had shorn 3 x . L  

1; Ties l o t s l \ l c  to dekmlne  pavi;;c%oally LAC cncjunta of b ~ l d   resent i n  

b iolo$c~l  sfscuee, after elecwodq ouiaon on rlatinu: electxdee. Details 

of ;i?c zethcd o q l a y e d  by theta euthors could cot  be found, althou;h a brief 

dcscrip+don TcL; fumithed; nartely, AJeldahl Jizestion, follo.md iy eva],oratlo2 

ubmt 1 CC. :rmtnont w i t h  aqua regin, cr:zonia, urd ceutrol izo+ion . la 

HCL. 

I .hcqhor ic ccld-codiun phosphate. 

3 c  colutjon ne6 fil'iered, =de sljglitly acid ;:I* ILC1, i nu buffered *:/i 

T:;::,: ,:..>as15.on W.Q carried out in 

1 1 1 3 1 3 5  

. C' 



. c  



CO&Sb of 26 suah units, arranged in two tanIra of 12 each. hab rmit &E 

a toggle emltch for tJrroning the anmeter in or out oi the oircuit. For nork 

with gold, a bobtar an-angmnent would be to UBI an m e t a r  nith a ecale of 

0 - 0.2 amps. and a varlable resietanoe o f  543 ohms. Each d t  should have 

a fuse to Froteat both the ammetar and tbe rrairtanoe, and a voltmeter should 

t%cedmq The w d @ d  tlsswt! me digested In 25 a;L 5Slemmyer fhsks, 

ucr'inz either aqua re-, or concentrnted n i t r i a  a d d  plus su~eroxol. In 

elhr case, only rrmall mounts of reagent w e  added a t  one time. If axcesdve 

h.0- is snunm*xed, One drop of o o t p l  doohol ie added. Complete oxtddotion 

of the latteT, em wall as the tieme, must be acaomplished Wore proceeding 

further. 

Am a &or, 2.0 m l  of a reagcnt gade gold ohlarlde soJ.utAcn m y  be 

The conaentration of this solution added ei 'hg Mors or after  &%geetion. 

should ba a c c u r a w  known, and the so~ution should contain n F p d m a t d y  

5 q./uiL. of metalllo gold, as the ohloride. 

m e r  eolutiLon is det+mubed t-ithcr by deotrcdeposltion on tared platinum 

dleco, or by evapomtlng a h o r m  volume to dryness in a 'wed porcelain 

Esudble, fol lmd by h e a w  to deaoqose the Chloride, coollng, and neighinG. 

The oonoeatratAon of gold in the 

Upon aoqletion of digestion, ~ X X C C B I )  nitria a d d  is r m e d  bp ndding 

auccesaive small amounts of ooncentzated XI, nith heatfng. The result ing 
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%e sapnation of &a gold fron all or nearly all of the aseooiated 

elancolts in the tissue dlgeat, i s  accomplished by rdualng the Sora. to the 

metallic state. Ihe reduaing solution I s  made up to wnhin approldmably 

lO$ Y - W l  and Q,@ FeSO4.’?H#. 

used for eo& 10 mg., or  leas, of m e U c  gold. Reduatlm is hastened 

2 m l ,  of a freshfy prepared solution are 

placing the ome8 in a beaker of hot water lrNch 1s kept just below the 

b o w  FOfnt foF 15 * 3 dIIUte6. 

A f t e r  centrifu4ng, the supernatant liquid is discarded. The centri- 

fuge cone wall and tbe g ~ l d  nay be naahed, followed bp oentrlfu@g, and 

*e sash solution ab0 distarded. f i tho@ this 16 not canaidored Z W X m 8 ~  

f o r  routine work, it 808 carried through when the set of deteaninations 

& o m  in Table f were =de. 

The pellet  of Freoipitated &old I s  readily dissolved in a mixt;ure o f  

4 drvp of concentrated HC1 plua one drop o f  conosntraced HNO3. PLvAruz tho 

cone in a beaker of hot water accelerates the reaotlon, ahioh is d U  
CO@&O dtbh 15 l&lUt86* 

The aqua regla e01u’;ion of pld is made .unJlne nith 5 ml. of 1 N k\QEl. 

After dxlng, t N s  solution I s  transferred to the dedtodeposition cell. 

llhc htts ohould bo osssmbld ulq a tarad and numbsred dlao, and should 

have 2 mZ. of a 5% fJolutiion of Ell in 0.1 I 1oaotl, coverlog the diec before 

the gold solution is added. 

mi-, w h i o h  l e  03.80 poured into the ce l l .  

by fWing the w e  once nith d i s t i l l e d  naterr, foUoaed by transfw to the 

C0I . l .  

The oentrlArge cone i e  washed w i t h  diatdl led 

In routine work this is accomplished 

me anode idplaced in the solution a t  abo\rt 3 1 1 ~  to 1” f r o m  tbe 

CamOdS. 

plnting ark is abut 8.5 taq. cm., the ourrent density rill be 10 ma./oq.cm., 

Ths currsnt 16 adjusted to s p y m ~ t b l y  65 me. Since the a c W  

1 1 1 3 1 3 8  
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or  approxh~tely twice the current reoorrsleded for comeroial sleatmphting (9). 

De~oeitlon is duoued to proceed for  one hour a t  room temperature. 4.t 

the end of t h i s  tLpe an additional 2 m l .  of' tbe cyanide solution are added, 

follmed b~ another hour of electrodeposition. 

UFon removal of the anode, the c e l l  aontenb are discarded, and Lhe c e l l  . 

is washed nlth dis t i l l ed  m*m. After disassembly, the disc I s  agaain mEhed, 

rinsed i n  acetone, and flaoed in  a marm place to dry. 

generally obtained before the radioactivity l a  detemined, d&a@ '&s is  

not ersentlal. 

The grose w d & t  is 

Pot- PP the -0edln-Q 1 . 1. Mgeation. As often happens in the n e t  

dicesfion of blolo@oal tlasuee, there a ~ e  occasional tiaplee which yreclpitate 

iufflcultly soluble crysbilllne salta upon evaporation to d volume. W~en 

such ocmumd e n l :  th is  work, the solution and precipitate nere txanaferred 

?~g~(atha 'n the centrifuge cone, artd the procedure cafiled through as with the 

other wmpI.6~. 

amoun+a, apparently did not interfere nith the reeUlt(l. 

The presence of this meterial, which ma always In very small 

When ootyl alcohol is used to prevent frothing, a r r ~  material I 6  

frequgltlp .formed nhich hao a lon m e l t i n g  point, and ~ M c h  IIW not  be obeomed 

until tbe eolutlon 16 cooled to belm room teqeratxre. Precautiom should 

b to obtain conplete digeation of this organic mutt-. 

The use, o f  n i w O - F e ; r C h l d O  acids f W  digeetioa m8 W t  hVe6a;;ated, 

I 1 1 3 1 3 9  
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gam a preaipitate uhloh dissolved leas 

FeSO4, there wa6 usually a amll amaunt 

nfter CentzWughg. This gold vas aithex lost upon decantation, or had to ba 

rsmoved on a s tkr ing  d, and returned later. Reduction Rith hydroxylamine 

occurred i n  throe d i s t inc t  pheoes; 

of co l lo ida l  ;old, and finally, ~ r e c l p l t a ~ o n  of the metal. 

not usually obtained when *&a reagent WB employed, but the fo rmt ion  of a 

lQht "gold mirrorn ms frequenLJy obaem%d. 

uas used, both phenomera ntse less ponounced, and the rata of reduction i7788 

about the ,%me as with ferrous eulmte alone. 

namely, reduotion to aurous, formation 

Umetted gald vas 

.hen a &ture of both reductnnts 

The influence of acidity and ealt concentration q.on the rate of reduction 

cnd ahgraoter of ljrealpltated gold uas not lnveetl@ted. A aonsiderable range 

of conclltioas was enaountexd, but the remilts in a l l  cases uare eatisfaatorp. 

3. Solution of gold in aqua regla. ;&en micrvrr fomtlon naa encountered, 

the oone nos plaaed An only about la of hot water to hasten ahe d i a s o l w  

raaotion. Suffiaient aqua reaa condensed on the m a l l  of the cone t o  dissolve 

*&e w r  mmpla%ly. 

4. Addition of Na(1B. ff insoluble salts are present af ter  digeation, 

a nhite predpitate I s  

t h i o  htaoluble matsrial my bo removed by o e n t r % f u g i q  before the solution i a  

tiransferred to tho dlectrodeposltion cell. Thi s  was not done ai& the experiments 

reported. 

ptomnt, or i r  formed, a t  L!Ls point. If dentre(:, 

5. The cathode diso. Both platinum and gold-*'& Copper discs may be 

dead by immersing in warm conoentrated oulph~130 aold-dlchtomate cleaning 

~olutian. 

than 2 to 3 ndnutw, since the plate does not  offer suffioient protection to 

lrth the lattg tspe of disc, hersion should not be f o r  lo reer  

the copper -to ;rovant i t c j  dissolving. kith of &so must be thorouehly 

1 1 1 3 1 4 0  
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but &e depodt on these dlsoe could be rubbed off to an apprsdahle extant, 

perhaps due to tho admixture of o m .  

Tho dedslon to w e  a l h l b e  @de pla- solutione, rather than a d d  

chloride, n m  based won the assraption that, in the case of the  l a t te r ,  there 

would probobly be 8me attack of the pbtiPlrm anode dut to the fonsltlon of 

f r e e  chlorine, and, therafom, deposition of platinum rrth the gold. The 

p u d b i I . 5 ~  af athak  on the plefAn~m by fba -de, h o n m ,  IS not ruled out. 

iim.us 
The data elmm in Tabla I should be divided info three groups. Deter- 

atdons n tkoni#~ @ W B ~  e e d  out dth what io wmldered to be the p r w  

amofmt of carrier gola to insure complete r e m a y  of the radioaatidty, a d  

a t  the w e  time ta give a ouffY.dent ambunt of d e p d t  far --trio lxrrpose~; 

n n d y ,  10 mg. D s t g m i n a t i l o ~  85 throu@ 92 were camled out w i t h  leas than 
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muffle n~rroco a t  COO’ C. ma a b  me tahen up in aqua regia, nr+l the 8xuess 

cemoved, a8 o u t l h e d  I n  the procedure. The reeulting solution ma diluted 

t0 150 ml., and 10 ml. POZ-~AOM were wed for a& of these foar detarminatior@. 

The cmria- and rndioaaklve gold eolutlons were added, and the pweclure abave 

m e  thsn foUOwad. 

Tno typioel seta o f  Molo&al Qh are @van in Table P. 

W e  Colleoted drtring the oourae of the arthr%tis wmlt d e d  out by Bertrand 

These data 

and Tobias (U), lhese ssparationrr and electrodqositAone i m e  actual ly carried 

out before the dah, o h m  in Table I, were obtained. 

DISCUSSIOTI 

No a@armtion I s  offered for the 10s ava’age remery of added gold, 

Table 1. Since the error lwolved In biological work l e  Ueuauy greater than 

the error nMah d d  be Introduced by ~ I n g  the percent sander gold recover7 

ae a faator In aalaalatdng the radio-gold r e m - ,  no work wa cafiled Out 

alirrdnnto this disarapanay. The percent reeowry valum, shonn in  Table If, 

w e e  *adore wed in  aelaulating the d @ m l  tlssue gold activity (U), not 

rqorbd h a r d t b .  

One e d n g  result obfelned, b c ~  ehonn in %ble I, debmdnatione 85 

and 86, waa the 9l$ recoveay of radbactioe gold when no oarrlclr gold nae added 

to tbr solution in the dleotmduposition a&. The solution of radioacktve 

gold Oonfalnd 5 m i o r o m  of mefalllo gold per d.., in the furn of sodium 

goid tb los~lpbate .  The quantitativb recm83y of gold, d u r a  eleotrodepoaition, 

therefore, wns mtez than one nould be led to expeot, the loee in j i s o  w d & t  

no’dths*. 

In a opt the gold purification prodme rrith tiorme digeste from 

the a r W f i o  patient, FBS04 m e  wed ae a rduatant. Trouble IIQB e q d e n o e d  

I 1 1 3 1 4 3  
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only nlth the urine and feces samplee. 

dige~ted solutions from WOSQ saplee, a red-brom flouulent precipitate was 

ob*kd.ned in ehree of f m  ~ B B B .  

preolpitate, but, unfortunately, the eample was lost upon centdfugine, and a 

be’uter obsemtion could not be made. 

soluble in concentrated El, shoKJng that reduction had not oaourred. 

addition of bydroxyhane t o  them emplea gave nornml preoipltatlon of the 

Upon adding the reductant to the 

The fourth CXBC appeared to Give a x~mid 

The abnonml Fredpltatee weze completely 

The 

gold. The ueo of *&e mind reduoing ~olution with these tm types of sample, 

has not besn tried, @Wpally f o r  lack of time.* 

The results dtb t he  rabbit Msme ~ m p l e r ,  a lno shomn in Table 11, were 

o b t a l a d  usiq hydrovlandne alone as a reductant. A l l  detenalnatlone given 

i n  ’ h u e  I1 ware carried out using nroutlne,” or rou&ly quantitative transfer 

technics. 

SlJ7lUW 

1, A method i e  desoribed for the recovery and ee t ixMon of rndioactive 

(pld from M o l o g l d  fitemtes. 

2. The remlt-6 obtslnd Wi*yh thla procedure are w e l l  within the allowable . 

emor for this type of de-tion. 

3. Under a rather wide ronp of oonditlons, natisfaotary reaiita were 

O b h I Z l s d  fn dl QLEBI. 

4. Tho methcd is rapid, req- no s p s d a l  technice, an3 the elecko- 

deposition equipment i s  fahly eimplw. 

A C K N 0 m T S  

The nu”uh0r ia indebted to J.H. hurence, C.A. T o b ,  and J.J. Bertrand 

for the eeaistaxx and a M c e j  and to  an I& for the digestion of the many 

Mologhal eamples needed for th le  work. 

*bcO the above, i t  has been fd %at FeSOb muet not be used with 
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Some Ptgrsiologl$gl $ W p p  on Rhewktoid kthri t ir  

Bs 

John J. Bertrand -- CorneUun A Tobias+ 

A pear ago ne s e t  out ta study certain physiological 

faotors in rlioumitokl .arthritis; One of them nap tho 'circulation of the 

extrendtics.Verp l i t t l e  nen waa done i n  this f i e l d  during the past six months 

baaawe ue t r i ed  to focus our attention on a second factor,  the study of 

which m e  a h a  begun k a t  pear: 

IJ8ing the oonvenlent radioactive irotope Au19', rome gold diatribution data 

have been obtained and reported i n  December, 1946. 

experinento i t  became obviwe that  a more careful 8- would be desirable 

the fate of gold in the human and animal body. 

A f t e r  a few initial 

*We d a h  t o  acknmlodge the support and active participation of Dr. John H. 

Lnwrence, Mrectar of the  Donnv Laboratory of Medical P h p i c s i  of Professor 

K e r r ,  ch.irraan of the Department of Medioine of the Udverrity of California; 

of Dr. liana Waine of the Deportment of Medicine; and of Dr. Inman of the 

Dspartment of Surgm. 

A l l  work war done a t  the Donner Laboratory of Medical Physics, with the 

excaption 'of the human experiment, whioh m e  made posrible throwh the coopere- 

t ion  of the Universitp of California Medlcd School. 

The work ma supported through a grant from the John and Mary Markle 

Foundation. The radioactive gold m a  suppli& bp the Ira-e Branch, Atode 

Energy C o d r e i o n .  

I 1 1 3 1 4 9  
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and that the dynamio picture i n  the exchange and distribution of gold i s  very .. 

Laporkat. Rrrther, the f a t e  of gold I n  the bodJ sewed t o  be a sensitive 

hmctlon of presence or absence of infection. 

various type6 of experimentr to elucidate t h i s  point. 

point a w a y  to the understanding of the mechanism of action of gold drugs. 

The foUowing chapters outline 

These experiments may 

t lon  Studies In the Rabbit 

Rabbita were wed as subjects In carrying out the gold distribution 

experiments. Radioactive gold was Injected intravenously in the form of the 

6odittlPthiorriLphate salt. All radioactive gold, was obtained from 

the Osk'Ridge pi l e  and was processed bp Robert Ully of the chemllsby staff 

of the lhrioerritf of CaUfornia Radiation Laboratom. 

The rabbits wero  racr5.Siced a t  varied intervnls and before sacrifice,  

under ether anesthesia, were,psrhtsed wlth f ~ o m  one t o  two l i t e r s  of N-aaline 

solution. 

inEdar vena cava and allorring t h e  a.nimdl to bleed t h r ~ @  the distal end of 

This was done bo introducing sallne into the p r o w l  and of the 

the Bame oer..l. 
i o  

' I n  Table I t h e  'dlstribtltion of radioactive gold in :two rabbitAseported In 

tern16 ob piraent & tobl  adddstered dose p'er @ani net  t i s h e  1 5  and l'/ 

d@ after InJeotidn O f  the roluble pld. 

It u l l l  be noted that values in animals "An and "Bn ahon considerable 

variation. 

a c h d d  arthritis, w h l l e  aninn1 nB" waa normal. Furthar studies are  made 

to find put the  statistical signiiicanee and the possible came of the 

d5ff wenco. 

Bnimal "An had received turpentine into ita knee jo in t  t o  produce 

I 1 1 3 1 5 0  
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A d r e n a l  
Liver 
Marrow 
L W  
A o r t a  
Synorla 
Tendon 
smill int 
Bone 

-3 - 
Table No. 1 

Gold Mstribution i n  Rabbits 

A E M ~  by the electrodeposltlon method 

-- e-----. 
Rabbit A ( o h d o a l  [Rabbit B ( bormal) .. 

2.5 mg. Au 1.0 mg. Au 

Injection lnjeotlon 

$ injected 
dose per g in whole 
tissue 

.34 7. Y .07 

, Z of injected % injected 

7Qdtley 1.47 
Spleen .u .42 6 O3 .1 
Testicle ,034 .010 

1 
I tissue orean 

i 

i 

' 

Articular Cortex (Bone)( ,o,+ I I .007 
03 

.71 I 

.2L I 
i .056 ! I .ou I 

. H e a r t  
I b a l e  

' .023 
' 

.oil I 
,tin. ,015 4.85 f ,W6 

.002 

.026 

.@I5 
.1 

2.52 
1.76 

f .& .86 
: .038 i 4.06 .016 ' 

Tobl  In bods l id. * I 1L. 96 i ;Lyaph node ! ,012 

The anhirig technique described i n  the prodour, rwrt has certain inherent 

6ourcm of m o r ;  mainlp, self absorption by Inorganic matter present i n  the 

dlrhes that are wed for counts. 

tissue concsmed; a ~ w l e  of bone c o n h i n i n g  large amounts of Inorganic material, 

while an organ mch as adrenal will contain very l ltt le.  For thls and other 

roaaona muah time was rpent In developing a method of gold separation by electro- 

This Mill v a r ~  in amaunt according to the 

deposition, which work me developed by W. Rayburn 8. I b n ,  a description of 

whioh appear. in thia report. 

I 1 1 3 1 5 1  
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Thb remilts obtained from the eleatro-deposikion method varied somewhat 

from those of the drp ash5,ng. 

report on the electrolytic procese, the results are very accurate i n  respect to 

recovsrjr of gold and UniionnlQ of counts for unit weight ga5osd by the copper 

phnchets. 

As nill bc seen in tho detailod 

In preparing t ieaue ralnples for the deposition procesr, a l l  specimens 

were weighed on an array b a h c e  and them digested nltb n i t r i c  and hydrochloric 

acids, w ing  hydrogen perodds as an oxidatLve aid. 

hours to do and i s  very labriaus. A t  the present time -e are trying a more 

rapid method, whereby the t issues are diced, dried and ashed in a muffle furnace 

a t  6%' C. l'he aeh is  #en dissolved i n  aqua regie and put through the standard 

e lea t ro ly t lc  proce88. By this meana It is hoped to avoid loanoa, nhich occur not 

infrsquantly during roid digestion, due to b i a g  over of t h e  aolutiton and also 

Important, to 6 6 ~ 0  time. 

This takee from 24 to 72 

The reru l ta  obtained are  somewhat simUar to those published bp keyberg (4), 
uslng the method of Block and Buchanon (2), which depends on a colorometric 
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Comparing these resulta to those obtained by us--considcring the name 

series of tisaues--we see that qleen is second i n  a o t i d t p  to Mdnsy, Instead 

of liver; the othsr organs in their group agree nith our findings. The several 

other references in the literature on gold distribution nere rather incomplete. 

(3, 4, and 5,) One other study using radioactive gold a i  a tracer was done In 

1940 

r e a i l k  were inconairtent. 

l3.y (5), however, the methds used nere not w e l l  nhndardized a d  the 

Durln8 the c m a e  of these inveutigationr it waa thought uorth while t o  

ituaS the fate of gold in the  blood stream nith a view of determining how the 

gold salt I s  transported through the blood to the various t issues of the body. 

It ha8 been 8 h b d  In the literature (1) that erythro@ea conbin no gold. In 

O r d e r  to check there findingo a eerie8 of  experlmsnts were ret  up. 

n e  first thlng done wan olmplp to take .hole blood h m  M animal previously 

injected crith radio-goldthioaulphab and repuata the c e l l o  f r o m  the plasma by 

centxifugation. 

likerise being ashd and ceuntd. In percent 01 total radioactivity of Slood? COUS 

56.2$# plasma ~3.82. TUB experiment vas repsitid. n i n  vitron, varyln~ it by using 

diiforent strengths of rarlioactlvlty to see it ce l l s  nould absorb more actlvlty 

in stronger solutions. Four cc. of blood were removed f r o m  a normal rabbit a d  

The ce l l s  were then washed M c e ,  asheid and oounted, the  plasma 

' 

mixed w i t h  9 ca. s&e. 

mixed w i t h  .I, .2, .3 and .4 cc. of the radioactive gold solution. 

nere expored to the radioactive solution for a period of 1* hours a t  room 

tamparaburr, ware then washed twice, ashod, and counted. All supernatant fluids 

nere saved snb ash&. From the data (Table 3) it appears that the cello *ee* 

absorb the 60l~ti0n esplqed; however, It is not P O ~ &  that the gold is entering 

the calls, idoaffail values be- possible if the gold wore mar- being absorbed 

onto the cell membrane. 

Pour 10 ao. namplen n u n  taken of thi8 n u p a i o n  and 

The cel ls  

,- 

I 113 .1  5 3  

. - -  

-. 
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Radioactloity of blood a f t e r  exposure to Au198 for 13 hours. value8 
expressed in counte. .  p9r minute. 

Table 3 

' 1985 
I 2063 15,230 I 

A sample of f ive  cc blood was removed from a rabbit  preoiourrly injected 

~ i t h  radioactive gold Uosulphate .  

5 CC. of thls was taken and centrifuged. 

separattd from the supernatant l i q u i d  (Sample 1 4 ) .  

suspension was then centrifuged and the ce l l s  washed twice,. resupended i n  

45 cc. e a h e  and allowed to stand e t  room temperature f o r  75 minutes. 

second 5 cc. sample was taken, the ce l l s  being then separated from suspension 

(Samples 24,2-C). Ramainder of suspension centrifuged and cella resuspended 

i n  40 co. saline. After 75 minutes a third sample W 8 6  taken ( 3 4 ,  3-C) ,  

of these ramples were then ashed in porcelain dishes and counted, 

given in Table 4. 

This sample wad nixed w i t h  50 cc. saline; 

The blood cella (Sample 1 4 )  were 

The remaining 45 cc. 

A 

All 

Result8 are 
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18 6till approldmately one-seventh i t a  s t r e q t h  after repeated washings and a 

lapse of l* hours time. h t  the present t h o  expd-mats are being s e t  up by 

which we hope t o  be able to demonstrate def in i te ly  where the gold I s  found. 

me Mstribution of Oold $n BloN 

For several r O a l O D 4  we thought it impor tn t  to determine the r a t e  which 

gold l e f t  the blood stream a f t e r  an i-v injection. 

We f i r a t  wed  a dog under nsmbuhl anestheala. A tracer dose was injected 

in the anterior t i b i a l  vein and 30 minutess f ta r  radio goldthiosulphate vas 

injected, the  first blood ramp10 was drawn, this being continued a t  half  hourly 

in te rva ls  for 

counted. Graph #l rhms the results. 

rabbi-, . (graph #2) a d  one human, (graph #b), a l l  of rrfiich suggested the same 

process; 

partih roturn and a final drop. A possible explanation of t h i s  could be that 

the l i v e r  is removing the drug from the general drculaaon, changing it In 

some w a y  - perhaps into a l e s s  toxia form - and then g iv lng  it  back to the  

&&tion. An attempt war made to d i r c w s r  that the Uver was Involved in 

this phenomena. A Qelger counter placed o w  the expoad liver of a rabbit  

failed to iadicate accumulation and subsequent release of radiogold. Presently 

a second theory i r  belng tested: 

than i s  released in to  the circulation containbd in the white cellsr 

hourr. 'These samples wme then ashed in the routine way and 

The experiment was repeated on mice, 

e.g., a ramoval of the drug from the blood stream with a subsequent 

namely, that some of the gold get8 phagocytizsd, 

wo-autoura& 

Aa an aid to the problem of gold distribution it was f e l t  that the taking 

Of radio-autographs would k instruotive, consequently autographs o f  wriow 

organa were made, of which some of the better are  printed hem. We atrongly 

desked  to obtain autogtaphs of bone and j o in t  sfructurrs and t h l 6  was done bp 

Mius Dorotb Axelrod, wing her technique of sectioning undecaloifled bone (61, 
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ehort 
'Ile ran into difficult?, however, became of thehhalf Ufe of gold, which is 65 

hours. Axelrod's technique makes w e  of cekic!h 5nbedding, which takea about 

10 days I n  the c?aee of bone. 

much too low to get  a satlsfactorp plctwe.  

time of the celoidin I n t o  the bone. It wns Pho\&at Lbt If all gases could be 

eliminated from the bone and then pressure npplled t o  the bone submersed i n  

celoidln - a process used comerciaUy - tha  t a  &y period could be reduced. 

For th is  purpose a metal chamber, large enaugh t o  contain an imbedding dish and 

f i t t e d  wlth two out le t  fubsa was constructed.(See diagram 3) A pacuun of 5 nun 

Hg. was applled by means of a standard HI-Vac pump for  a period of 30 

minutes, the vacuum made w e  of t o  i n a t i l l  the celoidin and then approdmately 

three atnospheres pressure applied overnight. By these msam satlafactory i m -  

bedding was achieved In 24 hours, the result ing sections (5 ~ C T O M )  were good 

and radioautographs .of articular structures were made. 

Because of t h e  e'.c;p?luc! time, radioactivity became 

T ~ G  ?~obllea! wae one of penetration 

P l a t s  one 8hOW a f ive micron undecalclfied section of r a t  bone throueh 

the knee joint .  

reotion. A number of fac ts  about gold deposition can be Been in the autograph. 

The synovial membrane can be seen f a i r l y  clearly defined (A). 

surfnor (O), and the a d r c i  (8) apparent4 take up very l i t t l e  gold. 

bone of the  metaphyaic8 has a good exposure, probably due to the content of 

marrow, The perior tem a t  (H) has conelderable a c t i d t p .  

80- to have l i t t l e  a c t i d t y ,  w h i l e  a t  (e) it is markedly highsr. 

t h e  pmhticular structures,  such as capsule and Q u a M c e p  tendon were l o s t  

i n  sectioning. 

The recond plate  shows a radioautograph made from t h e  lame 

The articular 

Spongy 

Compact bone atd(E) 

Unfortunately, 

v 
We bave made a fen prelblnary studies on producing a chemical a r t h r i t i s  

and noting iw d f e c t  on the dlr t r lbut lon of gold, being lntereeted mainly in 

the articular structUresr 
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Rro rabbits uere wed, one b e e  jo in t  of each being injected lrith 0.5 cc 

of n rolution composed of USP turpentine, 3 parts,  dlethylethar, 1 part. Three 

days'' lata this injection uas repeated. 

they were both given ndio-goldthlorulphate by 1-v route. Five daps subsequently 

one of t h e  r a b b i h  was sacrificed after f irst  be- p e r m e d  wlth N-saline a6 

prspiausly described. 

since 24 hours following the i n i t i a l  treatment. 

M c e  i t a  normal alae and uas tender and hot t o  the touch. 

smovia showed proliferation to a moderate desreo; 

d u l l  and roughened nnd sterile abscesses were present in the m a l e  mass both 

above and below the joint .  Activity of t h e  pathological tiesues were elgnif icant-  

4 higher than the control rite. 

Ten day8 a f t e r  the initid. injection 

The rabbits had not been walking u i th  the Injected limb 

The j o in t  appeared rwol len to 

On autopsy the 

the articular surfaces were 

Table 5 

Oold Concentration i n  Jo in t  Structures of Normab and Rabbits 
wlth Chemical Arthritis 

1 i .  I Rabbit No. 1 RabMt No. 2 
! 

I I ' Acfiolty 1 %  of totel 
' 

per g. tis- I injected/g 
em in % of I t issue 

I 
I 

4.3 j :;;; j 
51.5 

1 1 1 3 1 b l  
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These r e s u l b  even though t h q  defini te ly  cannot be compared to a rheumatic 

j o i n t  In a human, do show the response of the knee j o i n t  to  an inflammatory 

process and Its ef fec t  on gold concentration. A s  mentioned in the section on 

blood, we a r e  working e t  the present time on the question of what component 

of the blood concentrates the gold. 

may be responsible. 

of Inflammation the ce l lu la r  response of t i e  body would accumulate large 

-8888 O f  phagocyte8 a t  the area &ding the increased act ivi ty  shown above. 

fhrmanprPerimenta t ioq  

Fle have some evidence tha t  the white ce l l s  

The above data tends to support #IS, for  i n  the presence 

*ugh the cooperation of Professor Joseph Kerr and Doctor Hans Waine 

i t  ne8 possible f o r  w to start some gold distribution studies on a r t h r i t i s  

patlente. 

we hope that tMs rill be repeated In  the near future. 

To this time we have only administered radio-gold to one human, but 

The pat ient  oelec$ed was a 57 year old whlte female with rheumatoid 

arthritis of a moderately advanced stage and of approdmatdlp ten years duration. 

Palnhil motion was present I n  both h e e s  wlth only e small reduction in motion. 

Patient had never received chrysotherapy. She wan given 1010 %a. of radio-gold 

as gold-eodiumthiosulphate, representlng$.5 mg. of gold. Two cc. blood samples 

rere n l t M r a m  a t  30 and & minutes and then hourly f o r  eight hours. Pooled 

d a l l y  urine and stool samples were taken for two dam. 

admlnlrtratlon Dr, Verne Inman biopsled her l e f t  knee faking the following 

specimenor 

f luid,  synwial membrane and macle.  The first day urine sample nas l o s t  during 

proaessing. Data are contained in Table 6, 

Twenty-four houre a f t e r  

skin: superf ic ia l  fascla  and f a t ,  deep fascla and f a t ,  synovial 

1 1 1 3 1 b 2  
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i 
I 
! synovia 3950 
I S y n o d a l  f lu id  1205 
I h o l e  355 
! sup. f a c i a  100 

163 
210 

I Deep fascia I 

. . . . . . . . 

injected 

.OU 

.om4 

.m 

.000366 
,000596 
.coo77 

t 
I 2nd dayurIne*. 

O f  the tissues hken, rynoPia l  membrane I s  by far the most active with the 

Total  mount excreted 

i 685,U.O 2.51 
.08L 

synovial f l u id  next i n  act lvl ty .  This shows very clearly that i n  humaM 

afflicted with rheumntoid arthritis, synovial membrane I s  a t  least sorneWhat of 

a concentrator of gold. 

that they demonstrate the same phenomena eeen in the experimental animals used. 

The roeul ts  of the blood rampla are  interest ing i n  

.. 

From the same patient hourly blood samples were taken following i.0. injection - 

of the radioactive gold, The resul t ing data a r e  plotted in function of time i n  

diagram 4. 

animal axperiments reported above. 

(24 year old) rubject were taken only a amall dip could be demonstrated. 

The dip in the curve I s  quite  etrildng, even more so than In  the 

men blood samples from a normal young 

summarp 
Dbtcibution studles of radioactive gold were oontlrhued and refined i n  

rabbit, mice, aog, and nmn. 

chemical inflammation retain more of the gold fban normal ones. 

It appears that  animals with . r t i f ioWrproduaed 

Huoh of the gold 

I 1 1 3 1 b 4  - 

, .. 
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is probebly taken up in tho pkgocy'xa, especially ut the site of inflanmation. 

Here the concentration may be 5 to 10 times normal. SpnaPial membrane and 

f l d d  had a high concentration of gold In a r h e w t o i d  artkitin patient. 

Differential uptake of gold in the a p o d a l  membrane of the knee joint ha6 

been demonetrated by radioautographio technique. 

sodium thlosulphate, the gold content of blood rapidQ decreaeea during the 

first 1-3 hours; 

The work is being continued. 

Folloning injection O f  gold 

it then increase8 again reaching a d l m r m  a t  3-6 hours. 

I I13 I - b S  
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