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. ABSTRACT -

The excret1on of go]d 1n ur1ne and feces of Spraque Daw]ey rats

. ;has been exam1ned after adm1n1stration of rad1oact1ve 198Au 1abe11ed
"isod1um auroth1oma1ate (ATM) S1nq1e doses of ]98Au ATM (0 5 mg and

‘,1 0 mg Au/kg 1m) were 1n3ected 1nto rats and the ur1ne and feces

”"col1ected at 24 4 hr interva]s for 7 days The 412 KeV gamma

\

& -

”‘em1ss1on of the 1abe11ed go1d spec1mens was th n counted and the
1 average amount of go]d excreted 1n the ur1ne and feces ca1cu1ated
frUs1ng the ur1nary and fecaT excret1on rates, pharmacok1net1c 1nd1ces _ ifif A

-were ca1cu1ated for the s1ng1e dose stud1es For each 24 hr 1nterva1 ~

approx1mate1y tw1ce as much qo1d was excreted 1n ur1ne and feces of

rats g1ven the 1 O mg as compared to the 0 5 mg Au/kg dose, but

.pharmacok1net1c 1ndices were s1m11ar 1n both groups
* The: effect of chron1c adm1n1strat1on of 901d on 1ts excret1on 1n :s;;-i"

-;ur1ne and. feces was also exam1ned A dose of 1 0 mg “co]d" Au/kg

‘“was adm1n1stered for 13 consecut1ve weeks the 14th dose be1ng

x198Au ATM Ur1ne and feca] spec1mens were aga1n co]Tected at 24 4 hr

<1ntervals and. the amount of gold in the ur1ne and feces, and the

m‘pharmacok1net1c 1nd1ces ca1cu1ated as before Ur1ne and fecal excret1on | ;f'

- of go]d after repeated adm1n1strat1on of ATM (1 0 mg Au/kg 1m) was not

'-3s1gn1f1cant1y d1fferent from excret1on after a s1ng1e dose of ATM

(1. 0 mg Au/kg 1m) However, repeated adm1nistrat1on increased the

fi"overa11 e11m1nat1on rate COnstant and reduced T% Au ‘:f'4fi';'zggf ev:"“

To try and exp]ain the re1at1ve1y h1qh and cons1stent excret1on o

e

'n:of go1d in the feces we exam1ned the effect of the cho]estatTc agent

: a]pha-naphthy]1soth1ocyanate (ANIT), on feca] excret1on ANIT.causes i*f‘f-

‘ .



.ireversible 1ntrahepat1c cho]estasis w1th1n 24 hrs w1th norma11zat1on

“;occurr1ng w1th1n 3 6 days depend1ng on the dose adm1n1stered Rats

**were gavaged w1th ANIT in doses of 300 and 150 mg/kq, 24 hrs before .
1nJect1on of 198Au ATM (1 0 mg Au/kg 1m) and urpne and feces co]]ected

K

“‘as before S1gn1f1cant1y Tess 198Au was*recovered in- feces w1th1n ;f‘

A‘

the First: 72 hrs however a compensatory 1ncrease in ur1ne gon

?f 'concentrat1on was observed After 72 hrs ANIT treated rats and

"ia.controls excreted s1m11ar amounts of gon in the ur1ne and feces

'-,Pharmacok1net1c 1nd1ces were s1m11ar for both ANIT treated and control'j:7
}'}rats : | SRR ST | _
'“f LastTy, we - exam1ned the effects of s1ng]e and repeated

'adm1n1strat1on of ATM on meta110th1one1n (MT) TeveTS 1n rat k1dney

"°and T1ver Sprague DawTey rats ‘Were g1ven e1ther a. s1ng]e or 14

' fweek]y inJect1ons of ATM (T 0 mg Au/kg,1m) 24 hrs after the 1ast
; S

‘1nJect1on,‘the rats were k111ed and the k1dneys and 11vers removed
';washed 1n ch111ed 1soton1c sa11ne and e1ther fract1onated 1mmed1ate1y ,,'w

"us1ng the method of Shaikh and. Sm1th (1976) or qu1ck frozen ( 40 C)

d‘pvand analyzed Tater Detectable Teve]s of a Tow mo]ecuTar we1ght

EE prote1n resemb11ng MT were observed 1n kldney and T1ver cytoso] of the -

l';lrats exam1ned Th1s materiaT conta1ned Tow concentrat1ons of gold

'5_3(detected us1ng neutron act1vation anaTys1s) A No d1fferences were

-vaound between MT 1evels of k1dney and 11ver supernatants of rats

-irece1v1ng s1n91e or repeated 1nJections of ATM but go]d concentrat1ons

B were greater in- k1dney’t1ssue

R

oovi



 ACKNOWLEDGMENTS

-»&

| I thank Dr D F. B1ggs Dr F Jama11; Mr C. Ed1ss Mr P Ford o

:;‘M1ss s. J Mas]yk and Mr. D Odynsk1 for the1r suggest1ons and help‘
'edur1ng the course of these 1nvest1gat1ons B o "=7fe |

| ; I wish to thank Mrs P Har1ton for typ1ng this thes1s and

K hMr E Le1cht for draft1ng the f1gures L | :

| 1 thank the A1berta Her1tage Foundat1on for Med1ca1 Research | .

'for f1nanc1a1 ass1stance

Towdi oo



© TABLE OF CONTENTS . ' -~ .4

i

T e Hematolog1c..J.}.I...;;;.ﬁ;;ge{.,;Tg},fgil.;;,ﬁ,ff;5,28.

o . A N) "/’;:vlg, o1 ... i
" URINARY AND FECAL EXCRETION OF GOLD'BY RATS| GIVEN ~5§§“E§:f T
X ]

SODIUM AUROTHIOMALATE.., ........ e e TR T
: . o N YR o
- . . i . o s i ) X >‘\.\; .\ . :_:)-

A '4,'Chry therapy in the Treatment of Rheumato1d SRR
' Arth tis (RA)...... R ,--~‘ ......... -

Bff --.Tox1c1ty from. Gold Therapy and 1ts Treatment..{.,.[;.,{ﬁ.;..*18_ -
| 1. Organ Systems Involved in Tox1c1ty....,;,.t.;t.;g};;.;i,=22.y1'¢-
raﬁ. Mucocutaneous.,t.L.5,...;,;.;,,;,{;,:.;u.i;..};;};;szZL,fw,

Eb.JiRenA1.;;g;ﬁ;;.;,g;.;t{,Lﬂ;;;;gg;.,.,,Qi.u,g,t;:;.{f“;zsh"

‘1'7;~,g ud;ﬁfOther Go]d -Induced Side Effects...i;}l;.;;..;.;.:;.;f3q
ﬁ;"lx_fGold Pharmacodynam1cs ..... ;;,l};;.7;.;{;;,..1,;3.,};:;..;};' 2 -
o 1:1;:.Absorpt1on.;g;,;it;;;;fﬁ,L;;};.f.i%;;;;;;;;;;::L;;.;f.,‘ 321i“”j’

.‘;fzisiserum Pharmacodynam1cs.;:.:iﬂf;}};ilﬁtst.:;a?f;tt.ﬂtyqt553§
: .:3; jT1ssue D1str1but1on.g..;;;ti;}ﬁ;;;;:@;;;;t,;::;g;}!ﬁ§;11w43;”
| _iie,ﬂvKidhéy:.;t},;;;;;ttff.,;;;L{.};;;!:..;{l;;f;:fﬁ;;L;y245~,::et
b LR et e L BT
e, ;Synov1a1 Tissue..;::;f;gQQA.;.13;;Jll;:;;;:};};;,-; :52t17 "
‘fe.;{Ha1r,vNa11s and Other T1ssue.;.t;fe;};;};;;,;..;;,i;355‘-7
C MEEABOTISM. &t sae s s e et s e e 56
;'fExcretion.f;;;;;;;}A;fﬁ;,;{;};g;gi;;g;:;;;.;,}?;:§}};:tfe$7yey:f7

f5;Corre1ation Stud1es.;,;;;.};,ﬂj;;;g.lg,;;f;{t;.;,.;:.;LleSOift’jt“

LN o e o

;1”K1net1cs...J;g.;i;gg.vgig,.L.ﬁ,L;.};tt;;f.;}ﬁ;.;.15@;.;f;§1 ,ff:ﬁ

Cwitioco




COBIECTIVES..c.o T e 65

~METHODS AND MATERIALS..;..;;.,..,;,,.u}.,.;;.f,..,....,;;ﬁu:..,..; TR
_’A;v,'J ‘Irradiatlon Procedure..;Lﬁ' ...... };.ﬂf{.f,....;\; ........ ,.._' 68
B. Acute and Chronic Stud1es.l;;;.;;7.,;!.;;.fﬁll..{..,i_.}.; ””SQf; ¥
.Ci};fff%Exper1ments w1th ANIT.t ..... 3.;;§ﬁ...;:;;;,3Q.;.;.Lf;.,j;;Lﬁ:j7]
‘DF' fPre11m1nary Stud1es of- Meta]]oth1one1n.ﬁ;;.;.AQ,,;;.;,::.;;_ 72 ;
'  ; 1. An1ma] Experlments.;...i;..},.L;}k;{:;,.;;.i;l,.1,).., 527i
f‘ 2g Tissue Preparation.;;gl:;.,;..;;i;.!;.;i.l;;4..,:.;;;;i 72, ' '
X , j Co]umn Chromatography.;}f:};}:?.e.;}.{;,,;t.;.;.};;§Q,f:174}:
,}:RESULTS.;Q}i,f;.;.;,.,;.,;;..aif.;;);g;;,;,,L;;:.;;;;,ﬁ.;;L..,ﬁ;;;ff:77.‘14
;fA;’:;~¥‘Acute Studie%....;,g:;;;;;;.:;;?.;;,;;l;;.{..gfg;,éﬁ;.L.;;7  78;/‘

1‘BL11;}'7Chron1c Stud1es...;;1;1i{;.;Qﬁ;};;,.,;5;;.;.ffgl,{g;;;;;;,;ﬁ 86

C." - Experiments with ANIT.......;Q:;,;;.;;.,.,;;.;.;;I;,;;;.T. 86
0. QE'.Is;\at1?9 and Ident1f1cat1on of Gold Meta11oth1one1n.,},;ﬁ: 107.. 
f,uxscus510N ..... ;;;;,,.;;:,ﬁ;;.};;;.g;;,L;;;.;.;;;;;g;.;.;;.;;;f;;;t’114j-

::A;‘fz ['Acute Stud1es.};.;;;;;.¢Q.,:}.}};;;{,;.i.;,,.;;.ﬁ.;;;,;Qif‘ 11553«:7

“B.  Chronic. Stud1es.;;;;;f;;;.;,g,#{::b;i;;;;f;..;Lgf;lll,.;;;;‘lls e

e afijxper1ments with ANIT.{Q;Qiﬁf}::[;;;}.E;.;.;;ﬁ.i,;ﬂgﬂ{;,Q,:‘118>‘:

-

N Iso]at1on and Ident1f1cat1on of -Gold Metal]oth1one1n;”_ 119f: :

| REFERENCES.,...;,;;,L;;,;:j}i;;;g.:Q;,;;,.,;;g;.;;J.:g§;}f;.;f;;;gbj122{f .

 APPENDIX A....;aﬁg,;,;;.l;.}f;;.{;i,,.;;Q}.;;Q;;;;.;::;.;.,;lQ;.;;Xf149;_

i;CURRICULUM VITAE’ ...... e e e e 16

K]



© \ . . LIST'OF TABLES"

‘Tab]ef

.‘ AH‘.

Iill 2 Inc1dence of Prote1nur1a Dur1ng Chrysotherapy ....... '...t.v

| DESCriEtfon.

L1terature Rev1ew of Some Go]d Stud1es Pub]1shed

'”Adverse React1ons Assoc1ated w1th Chrysotherapyf;.;.,;.{.

VI

Rt s

é.]°f 198Au ATM (1 0 mg Au/kg) Recovered 1n Ur1ne ,'T
- ..,and Feces' (Expressed as a Percentage) in'Rats . -
- ~'  Given-ANIT in Peanut.0il and Carboxymethyl Ce11u1ose D
_g'e/(n_4) *p<o. 05..;.,.,,.,.,..,.,.-f--f-f;-s -------- e
_53;)%( . B B e» s
X 5

- Between 1935 and 1958..% ... RRERRPR B TR TR

The Amount (Mean' SE) of Gold Excreted in Ur1ne?",
and Feces per 24 hr After a Single InJect1on of -

]98Au-ATM im (n 4) * p < 0. 05...7;- ..... ;..;;.,QL;:;J,..A

‘f‘The Amount (Mean SE) of the Adm1n1stered Dose' :
o of 198Au ATM Recovered in. the Urine and Feces o .
‘ Expgessed as a Percentage (n=4). * p < 0. 05 ......... PRvey
._.Mean Apparent E11m1nat1on Rate Constants (K) » |
. of Gold (198Au AT™M) in Rats Dosed Acutely and- - o

'f,(Chron1ca11y (n-4) *p<0. 05..;;¢.........f..;.f.;f.;.;
»[The Amount (Mean SE) of ‘Gold Excreted in Urine .
...~ and Feces per 24 hr After a. S1ng]e 1.0 mg ‘Injection - _
. and the 14th weekly 1: 0 mg InJect1on of ]98Au-ATM,im_f1'- =
-(n 4). *p<0.05.... Ll T T Ry
The Amount (Mean +- SE) of Go]d Excreted. 1n Ur1ne 1.-’7¥v5

~_.and Feces- After Adm1n1strat1on of 198Au ATM
- (1.0-mg- Au/kg,1m) in Rats Given ANIT in; Carboxymethy1~j'-» .
;Ce11ulose 24. hr Beforehand (n 4), * p % 0 05..gr.f.,.,a; .

 The Amount (Mean ss) of Go]d Excreted in Urine

. and Feces After. Adm1n1strat1on of - 198Au ATM
. (1.0 mg Au/kg,im) in Rats Given ANIT in Peanut 011 Sioe e
24 hr Beforehand (n-4) B *p<O. 05...;.;...,.,,.,....;,;:“»gj

'MJ;f;The Amount (Mean +. SE). of the Adm1n1stered Dose

B(S#



CoTable Description - - Page

_XI__ Weight (Mean . SE)_of Feces Excreted by Rat: .
. " Given ANIT in Peanut 0iT and‘Carboxymethy] ' o '
-Cellulose (n= 4) - * p < 0. 05..,...,..., ......... Neoonnnnn .o 102

XIT Mean Apparent E]1m1nat1on Rate Constants (K)

of Gold (198Au ATM) in Rats Given ANIT in ;
Peanut 0i1 and. Carboxymethy] Ce11u1ose _ - oo T
(n= 4) * p < 0. 05.,; ......... A PRUNAR e 108
\ ‘ .
| ) ‘ '/‘//,
. ) *
’ S e;: 3 o
A .- \ i\\ . i
« "\ x 5
’ Ve

xio o A,



-8

Figure A -Description—- o Page—

Q

1 ' ,Structura] formu]as of. gold compounds used int ( ‘
: the treatment of RA........... i eme e liaeeen 11

2 Possible go1d prote1n react1ons suggested by o :
Shaw (1981).......... ,.,......:_ .................. PRI PERER 40

3 Structural formu]as of pen1c111am1ne(1) and o
CON- acety]cyste1ne(2)..;,........,..., ....... e T

Y Sem11ogar1thm1c plot of serum go]d -disappearance
- curve-after 1nJect1on, show1no a b1phas1c dec11ne ..... ceeee 62

5 'Scheme for the 1so]at1on of Au-binding prote1n (Au BP) :
- believed to be MT. (Sha1kh & Smith, 1976).h ........ NN e 73

. 'Gv Graph ‘shows e1ut1on vo]ume of five mater1als p]otted .

-~ against the logarithm of the1r MWS.\ ... .. ,.....7...;.;,.. 76
: 7 .; The cumulative amount (mean + se) of go]d excreted in ur1ne '
after a single 1nJect1on of ]98Au-ATM, im (n=4). o o
*p <O 05 ..... CEREEETRE RS baevees eeeemeaaaaail e A/
-8 - -“The cumulative amount (mean se) of go]d excreted in feces '
- after a s1ng]e 1nJect1on of ]98Au-ATM,‘1m (n=4). o

* p < 0.05..... \ ......... e eiesean. 80

9 - Urinary excretion rate. (mean ) of gold after a

single 1n3ect1on of 198Au-ATM \1m (n=4).;....;.;;;,..,,.;t. .84 -

. \ '
10 - Fecal excret1on rate (mean + se) of go]d after a - ‘
" single 1nJect1on of ]98Au—ATM, 1m (n=4)....... ‘}ﬁf;;.;,.;.)-'fiés o

11 The. cumu]at1ve amount (mean + se) of go]d excreted in urine L
~after a s1ng]e 1.0 mg injection /() and the 14th. weekly e
1.0 mg 1nJect1on {x) of ]gaAu-ATM, im (n= 4)..;;..;;.,;;.,..‘ 88
12 The cumu]at1ve amount - (mean + se) of gold. excreted in feces ;
. after a'single 1.0 mg injection (-) and the 14th week]y ‘
1.0 mg 1nJect1on (x) of. 198Au-ATM, im (n 4) ..... ,,..(....;,"-89_

xii o



Figure

13

Description . page

Urinary excretion rate (mean '+ se) of gold after

~a single 1.0 mg injection (-) and the 14th weekly

Y.

1

15

h] 0 mg 1nJect1on (x) of 198Au-ATM, im (n= 4) ..... i 90

Feca] excretion: rate (mean + se) of gold after CH

'single 1.0 mg injection (*) and ‘the 14th weekly

1.0.mg injection (x) of" 198Au ATM, im (n= 4)..1.;.;.}.;.}2,2 Y

The cumulat1ve amount (mean * se) of go1d excreted 1n ur1ne

-after adm1n1strat1on of ]98Au ATM (1.0 mg Au/kg,im)

- in rats given ANIT in carboxymethylcellulose 24 hr - = .
‘beforehand (n=4). * p < 0.05........ ........,..f....f..;... 93

-16

The cumulative amount (mean se) of go]d excreted in urine
after administration of 'J8Au-ATM (1.0 'mg Au/kg, im)

" in rats g1ven ANIT in peanut 0il 24 hr beforehand

20

a

(n=4). *¥p<0.05........... et ;..,.k..;....fj.,z. 94~

The cumu]at1ve amount (mean =+ se) of gold excreted in feces
_after administration of ]98Au ATM (1.0 mg Au/kg,im) '

in rats given ANIT in carboxymethy]ce]1u1ose 24 hr

‘beforehand (n=4). *p < 0.05....ov.rrereennn. evreeeens 95 .

-The cumu]at1ve amount (mean x se) of go]d excreted in feces o
. after adm1n1strat1on of 198Au-ATM (1 0 mg Au/kg, 1m) , '

in rats g1ven ‘ANIT .in peanut oil 24 hr beforehand

. (n=4). *p<0. 05"‘#“'?"'*2 ........ P P e 96 o

.He1ght (mean + se) of feces. excreted by rats given” o
. ANIT in carboxymethy1ce11u1ose (n 4) *p-< 0. 05..1.5;.,;. 100

we1ght (mean + se) of feces excreted by rats given .

ANIT in peanut 011 (n=4). * p.<.0. 05--s-----~-~7":'ﬂ"";’ 10! :: |

Ur1nary excret1on rate (mean + ) of gold after o

"fadm1n1strat1on of 1985 ,-ATM (1.0-mg Au/kg,im) in
- rats given ANIT in carboxymethylcellulose 24 hr °

beforehand (n=4)................ FRESEY e 03

Urinary excret1on rate (mean + se) of gold after' (

‘adm1n1strat1on of 198Au ATM (1.0 mg Au/kg 1m) in rats _ S
‘given ANIT in peanut 0il 24 hr beforehand (n=4)..... eee.os. 104

vy

xiii



Figure

23

‘ Descrigtion

4 Feca] excretion rate (mean + se) of‘gq1d‘aftef'

administration_ ofwlggAu ATM_(1.0-mg_Au/kg,im)_in

" rats given ANIT in carboxymethylcellulose 24 hr
’.beforehand (n= )...{...., ..................... ,:..;..

C 24

25

“(1 0 mg Au/kg, 1m)..;.......,,.................,.{..;.»

26
21

28

'.:(1 0 mg Au/kg/week 1m)..7;..,, ..... IRTe eieeaeneieens ,

Feca1 excretion rate (mean * se) of gold aftgr'

administration of ]98Au ATM - (1.0 mg Au/kg,im)

in rats given ANIT in peanut: 011 24 hr beforehand (n=4)1.;;'u

Typical Sephadex G-75 e]ut1on prof11e of rat-liver
supernatant after a single injection of ATM

supernatant after 14 weekly 1nJect1ons of ATM.

:(1 0 mg Au/kg/week 111} IR B

Typlcal Sephadex G-75 e1ut1on prof11e of rat- k1dney
supernatant after a single 1n3ect1on of ATM . .

(1.0 mg Au/kg 1m)..;..,._ ..... :,...,., ........ ,,.i,.;;V

Typ1ca1 Sephadex G-75 elut1on prof11e of rat- k1dney
supernatant after 14 injections of ATM .

xiv

’Typ1ca1 Sephadex G-75 elution profile of rat-liver ‘.j“

PR N



LLIST OF ABBREVIATIONS ™

AAS atomic absorption spéctroscopy
~ ANIT. - alpha-naphthylisothiocyanate .
O ATG aurothioglucose
ATM - sodium auroth1oma1ate
. ATS sodium aurothxosquhate<
BAL  ‘British Anti-Leiisite .
CCC  Cooperative C]inics.Committee
CMC.  carboxymethyl cellulose
.cpm - counts per minute ‘ '
“ERC Emp1re Rheumatism Council
- ESR ery throcyte sedimentation rate.
hmw. = hig ]ecular we1ght '
fI{a ~intra- articular .
' Aim _' 1ntramuscu1ar ,
"JRA - juvenile rheumatoid #rthritis
Tw Tow molecuiar ‘weight
NT vmeta]]oth1one1n ’
MW f molecular we1ght _ , 1
NAA‘.‘Z‘neutron act1vat1on ana1ys1s °
: 'NMRjL' nuclear magnet1c resonance C
.___NSAIDs non- stero1da1 ant1 1nf1ammatory drugs 3'}:ﬂ
| ' po orally - '
__RA. . rheumatoid arthr1t1s

sc ]subcutaneous

XV



© URINARY AND FECAL EXCRETIQN OF GOLD -
. BY RATS GIVEN SODIUM AUROTHIOMALATE -

S
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'I‘hls the51s report:s the mvestlgatlons of the excmti"’m k.metlcs

}.of gold and the - J.nvolvement of a low molecular welght meta.l-bmd:.ng
protem (metallothlonem) J.n gold excretlon.

5,

The J.ntroductlon will rev1e%the followmg toplcs , #~ .' S

A. Chrysotherapy in the treatme.nt of rheumato:.d arthrltls R ’
A:"_B. ’1bx1c1ty from gold therapy and ltS treatment, axﬁr H» -
. Goldphamacodynamcs. | i
A mmmmmmwmmmomm&rmns(m
iy | : Gold has been used in med1c1ré for many centurles. At ane t:lme or
'another lt was. cons:.de.red a "cure—all" for eve.ry known dlsease In
"thetru.rteenthcentury RogerBaconreccxmmﬁedgoldcmpoxmdsforthe
treament of leprosy (Dysen, 1929), and in 1500 Paracelsus stated that o
_am:.xtureofgoldandnem:rywasan"elnn.rofllfe"andcouldbe |
- ised to treat syphilis and tuberculosis (Slot & Deville, 1934). No"' i
-ehvvsc:LentlfJ.c ev:.dence has been fond to substantiate any of these clams
No sclent.lflc bas:.s was prov:ded for the use of gold J.n spec:LfJ.c
‘bnedlcal dlsorde.rs unt11 1890.v At th.'l.s time, . Robert Koch demcnstrated
,.that goldcyarudemnhMtedﬂaeg:wﬂmoftxh@tcle bacilli mv:.tro,
butwasless effect.wewlmaduu.msteredtoammls mfecbedwlth o
tuberculos:Ls nusdascove:yledtouedevelomtofgoldcmpanﬂs
: ;;vduchvereusedmexpenmtaltubemﬂoslsmﬂ]iu:ermﬂietreammt
'“-‘ofhutans o R
B IleZ?Iarﬂef:Lrstreportedtheuseofam:othlogltmee (Solganolq

”-mthetreamentofdn.seasesotherthanmberculos:.s Behev:.ngthat

goldhadamxwec:.ﬂcant:.sept:.ceffect hetreatedltlpatlentsvmo

‘4\



| .« had poorly def:.ned dlseases of a: "rhemnatlc" orlgi.n w1th aurothio-
: glucose He observed mprovement in the patients' ‘general appearance -
and s:.gm.flcant rellef fran the ]omt paJ.n ﬂ'xat acccmpam.ed the

_—d.xsorders—A year later_Forestler txeated‘patients*suffermg fram
. rheumatoid arthritis (RA) with gold th:l.opropanol sodium sulfonate
B (Allochrysmé& 'me treatment was. based mlstakenly upon the bel:.ef‘

.' that RA resulted frcm an mfectlon s:.mllar to tuberculos:.s BeCause', 4

- gold vas effectlve in the treatnent of tubercu1051s, he thought that ~

1t would help in the managesrent of RA (Forest:.er, 1932)

| Forestier began treatment w1th so to 100 mg of Allochrysme®m' o

,_:LnjectedweeklyuntllatotalofIStoz Ogofgoldcarpmmdhad o

“ bemadxm.nlstened AfterarestperxodofGtoBv.eeks, a second

"‘,smularsenesofinjectlmsmsadtrumsteredpmwdedtlerewerem_‘v

serlousto:acreactlms Goldtherapywascmtmmdmth:.sm:er
'-forltozyears In70%ofh:.s48pat1ents,m.rkedzeduct:mm
A'Jomt inflammation andpa.mwas observed By1935 Forest:.erhad
'treated over 550 patl.ents suffermg frun RA with a varlety of gold

".aurothmglucose (Solganol& and calcnm aurct:h:.oglycolate (Myutag
In 70-80% of pat:x.ents, gold effect:wely reduced Jo.mt inflannatlm
- Nlmtmm&:ropemmvestlgators (Penbertm 1935; &osby 1936-'
""vccpatan&'negner l937)cmf:md£brestiersobservat:ms—- \
':.ngnerallympatlmtsrefracborybootherfomoft:eamt 'me ;
clinical trial by Hartfall, Garland & Goldie (l937a) was partianarly_, o
/mpress:.ve.‘ EigtrtypercattofG%patlentswithRAwete cnned,_

orgreaﬂympu:uved follaum@xym&erapyhmever&eaﬁmt e



‘ resulted 1n a hlgher J.ncidence of . tmd.clty (42%) and death (l%) than

J

hadbeenobservedbyForestler '
InthemltedStatesatttustm\e,chrysotherapywaswevedmth

1

—extrene-sceptlclsmand was mt—eaasz.dered an—mlt.lal 2 g t—fer—Rn S

because oftheh.lgh J.nc:.dence of ser:.ous, often fatal tOXlC'“
.Itwascustanaxytobegmtreamentmthmrecmservatlveneasures
(cecil, 1934 Holbrook & Hill, 1936) wmch mcluded rest (both emotional
| ‘and phys:l.cal) ,a hlgh caloric hJ.gh v1tanun dJ.et, blood transfusmns |
forenstmganem:.a, analges:.cs, physlcaltherapy andortl'npedlcpro— :
ceduresfortheprevmtmorcorrectlmofanydefonmues Therapy
.-.wlthvaccmesandranovalofthefoclofmfectlmswerepop\ﬂar but
mstudlesprondedeudenceofthebeneﬁttobederlvedfmthese
treat:mnts. Q'xly patients wlth mreruttmg pu:ogress:.vedlseaseand
'ﬂnserefractorytottecammamlfomaoftreammtmecarﬂmtes
forgoldtherapy(Saslun Spanbodc&Klmg 1939,Snyder 'I‘raeger&
Kelly, 1939 Key, Pbmfeld &'I‘Joflat 1939) o ‘ PR
- By1940mbothnnopeamithelh1ted8tates,goldwasrecogmzed
asmeofthennstvaluableagentsforﬂ:etmammtofm. A |
ccntmlledcl:.m.calsttﬂybymlm mecea'nmold(lsm)pmvided
defmitiveev:.denceofthebeneficnleffectsofgldmthecn:rseof

the chsease RAwas cmszdered :i.nact.i.Ye in 74% of 60 patiem-.s treated

for9mxthsw1th$olgmop Bycmmst,thedlseasemconsldexed
mact1vemmlya:eof300mtm1patiaxtswtnhadmtrecewedgold

mjectx,ms Goldamliorat:edthecwrseoftheduease notmlyin

theadvawedseverefommtalsointheearlycasesofarmritis

wlu.dx were partn.qﬂ.arly re@msive to t_:pld treatnaxt (’.l‘arsy 1940- &c:.l, o

Kannere.r & DePnne, 1942) Bowever, the hJ.gh incub:ce of tcm.c:.ty



assoczatedwlthgoldmthedosesrecamnded (lOOngweekly) st:.ll
severelylmtedltsuse | o | .‘ ' .
| Patchandlntrademaltestswexemthelpfulmpredictmgmch

' 'patl.ents were lﬁcely to develop tOXJ.CJ.ty (Key, lbsenfeld & 'I‘Joflat,

‘1939) nghdosesofmlclmglucmate,arﬂthentamnscmn

: (ad:mnlstered smnltaneously w1th the gold salts) were meffectlve :Lnf
- ‘preventmg toxlmty ('I‘a.rsy 1940), and spec:l.flc ant:.dotes for gold
_ Ibtryaminedncethemcmenceoftanmty,theweekly&)aeand-
totaldoseofgoldmeredmed (Freyberg, 1942; Pr:l.ce&IeJ.chtentrltt,
"__1943, Barting, 1943). This reduced the incidence of tmd.c1tyanddid |

‘mtaffectthetherapeutlcresults. Mﬁctmnofdosaqe mrecaxeful s
mutonngofpauentsforearlysynptansoftmnmty,andthemtm-

"du:tim of cm:'t'.l.sme (Bench, Kmdallet al., 1949) anidinercaprrol

.(Bntmh Ant:.-l:ewlsl , BAL) (C‘dm Goldman & mhbs 19;& as ant:L- ',f

"fli-‘dcta, greatlyredxx:edthefreqzmx:yofseriouston.creactlms

Bythe late fo:rti@, nnstuwestlgatorsh-dreallzedﬂxemporbarne -
j,;_.v:iofcarefullycmtrolledsuﬂiesmdbegmcmpanngtteeffectsof
ch:ysotherapy Wlth plawbo (l-‘raser 1945 Wame, Bake.r & Mett:xer, 1947, o

:-“_-Adams&&cil 1950, Smrrason, 1952 Iodu.e Norcmss&mm:dm, 1958)
Favorable results fol]m.nggoldtreammwereneportedmmst %' :
- sumes mtmnmstigatorsfqmdmdlfferercebemeexﬂaegold-
A _tzeatedaxﬂcmtmgmaps (Merhss Avelrodetal.,lSSl Brom&
Ct\n:ne 1953).— _ ,' L e
Becmxseofﬂ:ecmfhgungzepurts ﬂlempu:emeumtlsnOmnml
1_~(ﬂ€),m1960,caxhctedamﬂtmtredwble—blﬁﬂchnxcaltrlalm
_anattalpttodetemnnemethergoldwaseffecuvemm\. Incnegmup



‘-?-.vv_onBpatJ.entswiﬂuactiveRA,eadlreces.vedatotaldoseéEIOg o

mZOJ.njecnmsofSOmgnn, veekly.‘Inasecmd

3 - ‘gmup of 100 arthr:.tlc pat:.ents (the controls), each recelved control

‘mjecumscaxtaa.nuxgnyoclwysmcfg(o Olmg) Patlentsm:eassessed
*beforetreatnaxtbegan at3nmths, atcmpletlmofthecourseof

‘treatnmts, and at 18 and 30 nmths Slgm.flcant ch.m.cal mprovemem:
_"byallcnter:.aused, e:«:eptradmgramlcanalyms wasobsenredmre

‘frequently ammg the gold—-treated patJ.ents at 3, 6 and 18 nmths bnt

;"‘--'lJ.ttle dlfference e:a.stedbetween the two groups at 30 nmths (m:,

o). e
Alttn:ghearlmrreportsstressedthemportanceofccmunumuﬁ
":":‘goldtherapy (Forestier 1935; Browning, RJ.ceetaJ.., 1947; Adanxs&““
| Cecil, 1950; Preyberg; 1950; Lockie, Narcross & Riardan, 1958), the  -
_~E!%Cd1dnotcmtnmegoldmaurtenancetherapyafterﬂ1em1t1al

ranlssmns mmldbeﬂwereasmforthehl@mmerofrelapses

'-"“m the 9°ld—treated pat.xents at mxth 30.., R

In 1973, the cooperatwe Cl.m:.cs ccmm.ttee (ocx:) of the Pmencan C

mntmtlsnAssociatlm caxducted a szmlar dmble-blmd cmtrolled s
-.":st:.ﬁyofdxrysotherapy ItdifferedfrantheEN;sttﬂymtlntphase

‘ ans:.sted of mtramscular mjecta.ms of 50 mg of

| "’nofthemalevaluatedthehaeﬁtofcmwmeduuapympm- 4
laxg:.ng ram.ss:.ms obta.med w:.th the uu.t:Lal course of gold. Half of
:""'*:thepaumtscartm:edmgolduuapyfumadmamal lBﬁmthsand ‘
."ﬂlecmtrolsxemmedmplacebotherapy 'nusm:mtenanceprogram

:‘-".."_otherweekfcu:6weeksfollowedby6mrem3ectamsevexythudweek

.'_-andlastly, nnmthlymject:msfortherestoftheZyearsttﬁy

o : “.‘v:’l.“:' ’

'.'Altl'n)ghthemnberof patmts carpletmgthetrlalvas too small to o



L. :

| a.llou defmite oonclus:.ms, the results suggested that mamtenanoe
‘therapywastmxefl.clal 'megroupmvduchtherapywasoontlnued

'-“.‘skuedmmcreasemthenmberof jO.'LntS mvolved, hadanmproved

-gnp strength and a fall in: the erythrocyte sed.mmtat:.on rate (ESR),

whereas the plaoebo group showed detenoratlon in’ all 3 pa.raneters

g ':'neseresultsmrecmfm:edu;az-yeardmble-bluﬁsuﬁycamlcted
: by SJ.gler and co-workers -(1974).. Although only 27 arthrltlc patla'xts
. were mvolved (13 reoe.wedMyodmrysmCEand the others placebo), . .‘
sty demcnstrated that long tem 014 treatnent had altered,the natural "

’ oourse of the dlsease favorably, and for the fJ.rst t.uxe, rad:.ographs Lo

slueedthatduysotherapyhadslaadorarrestedthepmgressmnofthe

B omtrolswtnreoelved lessthan SOn'gof -

o .‘d:.sease Marereomtly, Iamldcamenandassoca.ates (1977ab) reported
'-'..‘__s:l.gruflcantlyless jonrtdestruct:mmgold—treated pat:.entsthanm

o te.nnu;ated dxrysotherapy because of s:.de effects PatJ.ents whose RA had -

been actlve for leﬁs than 10 nrnths lxutl.ally showed greater 111;::::::»vam;~.nt'~ '- |

"»"i'thanpatlaxtsvdnhadhadthedlseaseforalamgertmebefom

B oammngchrysortherapy Bowever, bytbeendofthe follow—uppenod

S (68 nux’d'xs), all 3 golddt:reated gnoups had 51gznf1car1tly less rad:Lo—
_ grapha.cally m&atable jo.mt danage than t.he ccntrols. Slnoe tha‘x ‘
| nm:e report;s have been p.:bhshed wluch caxf:.rm the value of gold for the L o

i 'treammt of RA (Schm:n § Anderson 1975; mjoos, memp et al., 1981)
E Tablexszmmruesuerwutsofsumapubhshedbemlﬁs

“ _':and 1958 Freyberg (1966) prov:.d&s a mre cmplete review of the _
"‘fllterature 'mebenefltsofduysotherapywereevidmtmﬂmenajonty

- '-_”:»of gOld toxn.cxty was apprmo.nately 30% '.Ih:.s ctm:lat:.ve clm1cal s
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experlem‘:e agrees well with the results of more recent cont.rolled
studies. - R ! o : o ¢ |
- Sabin & Warren (1940) and Preston, Block & Freyberg (1942)

‘_'demanstrated that the therapeutlc effectlveness of gold preparatlons

| depended on the gold 1n the molecule and not on sulphur or any other
&constltuents. _ Since then numerous gold(I) compounds have been used to |
| treat RA mclud.mg sodlum auroth:.analate (Myochrysmég) ’ aurothloglucose
'(Solganol@ ‘gold thloglyooam.llde (Lauron® and gold sodium tthUlphate
meQ Reoently a gold(I) phosph:.ne ccmpound (Auranofm@

| has been developed for oral ‘use and is currently undergomg cllnlcal

" trlals (FJ.nkelsteJ.n, Walz et 1., 1976; Berglof _Berglof & Walz, _1978' e
Wedsman & Hannifin, 1979; Meyers & Klemp, 1981). The structural formilas
oftheseccnpomﬁsareshmnmmgurel leytheflrsttwocompounds

:' ‘:'lJ.sted are ccmnonly used in Canada and the United States Sochum auro-
thlanalate (A'IM) conta.ms 45% An and is avallable in aqueous solutlon '

E for 1.m mjectlon Auroth:.ogluoose (A‘IG) ;- a water soluble organlc ccmpound )
-ccmtams 50% Au, 1t ‘is ava_'Llable as an o:Lly suspens:.on for im lnjectlon -
Very few ccntrolled studles have oanpa.red the efflcacy and tox:.ca.ty
‘"'\’fofthevanous goldcmpoumis Itls thought thatA']MandAIGare |
__ equally effect:n.ve in the treatment of RA (Gottlleb, 1977) ’ but in"
several reports a lover 1nc1dence of tox:l.c:l.ty has been noted with ATG
R "{ (Rothennlch, Phlllps et al.,‘l976 Lawrence 1976) | CertaJ.n adverse S

'. ’effects such as vascmotor (mtr1t01d) react.lons (Llntz, 1941 Prlce &
| "v"]'.elcrrt:entrltt, 1943 Snlth, Peak et al., 1958; Austad, 1970 Sharp,
'Ln.dsky et al., 1977 Gottlleb & Brown Jr . 1977 " Daviscn, 1980) and.
" vascnotor r‘espon:ses (Halla, HardJ.n & I.1.nn, 1977) occur n\ost
ccnmonly w:.th A’IM Unfortunately the use. of A'.IG also has dlsadvantages

RTIENE R
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w @
o | . CCH,OH
- | CH CHz " : o)
©oNeol COoNa * -+ E T oH
" Sodium 4au|.'othiomc"1lqt_e o o " Aurothioghicose -
My‘dchrysi;je ® (ATM) . . Soiganol (R) (ATG)
(3 o (4) I
S—mu-s_ | NH&CH'ZJA'S_—A.U
| _'soy‘ S
~ 'Gold _sodium thidsulphme - God thloglycoonllude .
" Sanochrysine ® or - T Louron
~ Crisalbine ® (ATS) LT
CH2CH3 .) |
Cl—Au— P —CH,CHy &.33;
CHZCH3 . L

Tnethylphosphme gold chioride 3 tnethylphospm gold-2,3,4,6-

~(SKaF36914) =~~~ ftetra-O-acetyl-I-thio-B-D-
' glucopyrmosnde Aumofm

&

. anure‘l Structural formulos of gold qompounds used in the treatmem

of RA.Compounds (I) and (2) are the most widely used and
-are administered by mirormscular mectlon Compounds (3)

 and (4) are not used in ‘Canada or the USA. Compound (5)
s actwe orolly as is (6) whach is undergomg cinical trials.



‘ Intramuscular mjectlons of ATG may cause more patJ.ent discamfort than

A’IMbecguse it J.ssuspendedmavz.scous o:.l. Aswell, flrmmasses

12

 have ~been- observed -at-the- sites- oﬁ—mjectlcn possxbly due- torthe non—'
absorbed 011 Also, if the v1al is not well shaken just prlor to an
mjectlon to resusmxd the A'.[G partlcles, the dose may be lncorxect

| 'Ihe trlethylpmsphlne—gold canpound (Auranofn@ contalns 29% |

gola by we.lght and is well absorbed fram the stamach. In prellmlnary
stud:Les, cl:.rucal mprcverent was ev1dent after the fJ.fth week of
treat:nent and cont.mued untll the study was catpleted Arthrlt.lc
patlents had redmd mRs, fewer pamful and smllen jomts, and -

mcreased grlp strengths Patients had s:.gnlflcantly lower blood

gold concentratlons afte?: auranofln treat:nent (less than lOO ug/dl) than‘

i afterparenteral adnlm.stratlmofstandarddosesofAm (rrorethan
300 ug/dl) (Flnkelsteln Walz et al., 1976 Berglof Berglof & Walz

1978) 'Ibdate, veryfews:.deeffectshavebeenobserved Sanereports )
‘suggest that the gold toxicity e g. dermatltls, stcmatJ.tJ.s, and x :

prote.murla oocurs less frequently with auranof:.n than w1th ATM but
gastro:.ntestmal dJ.sturbances are as cammon (Flnkelstem Walz et al.,
1976; Berglof Berglof & Walz, 1978). Mlld dJ.arrhea and abdcmmal
‘crarpshaveoccurredearlymthecamseoftreamentdlsappearmgon_'
, ccnt.mued adm:.rustrat:.m of auranofln (GottlJ.eb Riskin et al., 1980)
‘ Eurtherexperlencelsreededwlththlsnewdnlgbeforethecarplete
spectrum of reactlcns 1s lcrmm B ‘ » _ _ ‘
\ - Gold 1s md:.cated for actlve, progress:.ve, er051ve RA that can not
be controlled adequatelybynnre conservat:.vexreasu:ces suchas non- (
ster01dal ant:.—n.nflamratory drugs (NSAIDQ) analges:.cs, physmal therapy

and rest. Early treatment. 1s mportant since gold only suppresses the
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mflanmatory process and cannot repalr prev:Lous damage to cart.l.lage -
and bone nor can it restore deformed and ankylosed jomts. It should

"burned—-a__—

—not- be used-in- patlents whose arthrltls—ls no—lmgeruactlve, ~i.e.

out” cases of arthritis (Gottlieb, 1977). | -
Chrysotherapyhasbeenshomtobeeffectlvemthemanagenentof l_ ",

]uvem.le rheumato:Ld arthrltls (JRA) (HJ.cks, Hanson & Kornrelch, 1970- |

.Ansell 1972 Iev:.nson, Balz & BondJ., 1977; Brewer Jr., G:Lanm.nl &

: ABarkley, 1980) .. The dose is usually 1.0 mg/kg body welght adm:.nlstered

| . mtra:mscularlymoeawmthamamundoseof 50mgweekly for -

' ‘_ larger chlldren ‘Side effects appear to occur as frequently in chlldren

-asmadultsandaffectsumlarorgans eventrx)ughlowerdosesaref.
'e“pl"yed‘\v | |
Gold by 1tself J.s not’ tme oarplete tneatment for RA. It should be
’.'.‘partofavellplmmedprogxamoftlerapycarefullyad]ustedtothe
lpatlentsneeds EbrprogressweRAsarephysmlansprefertobegm ' . \
treatm-mt with pem.c:Lllamme butgoldlsqenerally oons:.dered before - L

‘ . other slow act.mg ram.ttlve antl—rhemlatlc drugs such as chloroqu:me

azaﬂnoprme nethotrexate and cyclophosphanu.de These d:mgs are '
| effectlve in the treatment of RA and also are assoc:.ated w1th a 51gruf1cant
) 'nmber of oatpllcat.lcns (Currey Harns et al., 1974; Husklsson, GJ.bson ‘
_et al., 1974 mosh, Ste.m et al., 1977 HusaJ.n & Runge 1980) . / ‘
| Goldshouldnotbeadmlnlsteredtopatlentsmthapasthlstoryof
severe gold touac.lty such as exfollat.we dermatltls, blood dyscrasxas
'orpersz.stentheavyprotemuna Prevmus llverandkldneydlseases
' _are not absolute oontranxdlcatmns unless the functlons of these organs
areserlouslympa.u:ed Pata.entsmthexx.stmgalmormalllverandrenal

funct-_wn should be carefully nnutored d1m.ng treaurmt for a progress:.on '

\
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ar increas‘e i.h these abnomlalities indicative of gold toxicity. When

other senous systsnlc d:Lseases exlst such as diabetes, hypextensxm,

etcl,_they slnuldlbe_contmlled pnor_to_chqso&xerapy

.severe allerglc d.lseases or those known to have an J.dJ.osyncracy to

otherdrugsshouldbeglvengoldmthextranecautlm Gmrom.c

: ~dennat1t:|.s is not a contra:.ndlcatlm to gold therapy but may ccxtpllcate

" the early recognlt.lozn of gold rashes or could be aggravated by gold.

”Recentlyscmes}undlsorders suchasparphlgus havebeensuocessfully

”t.reated mthgold salts (Penneys, Eaglstem & n-ost, 1976) .- Tradltlonally -

'chrysotherapywasnotetployedmpregnantorlactatmgwmenbecause

theeffectcnthefetusornewbornmfantmsnot}cmm , Reportsm :

o the lltexature deserzbn.ng the outcare of pregnanc:Les exposed to gold

"vJ.n ute.ro are few. ' Hollande.r (1972) dJ.scussed a sern.es of uneventful

kpregnanc:.esmwcnmrecelvmg chrysotherapyhxtmlomj—tenn follow—up'
'-_oftheoffspnnghasbeenreported bbrerecentlyRoge.rs etal, ‘

(1980) report:ed the birth of an aknomal Chlld result.mg fran a pregnancy

.madvertmtlyexposedtogoldﬂmmghoutthe flrstmﬁearlypartof
o the second tnnester ’Ihe v1s:1ble malfonnatlcns :anluded a cleft: llp

o andpalate,aflattenednose, crmpledearsandashortneck 'Ihe

ln.fant dJ.ed on the flfth day. Other causes for these malfonrat:.ms have

not been ruled out but a- pess:t.ble beratogenlc effect of gold must be

. cons:l.dered

Agelsmtaccmtranxdlcatmntotheuseofgoldsuxcegood
results have been obtalned J.n elderly patlents Wlth well establlshed

.\dlsease (Cec.ll & Kamerer, 1951) as well. ‘as. J.npatJ.ents w1th juveru.le ,

rheumato:l.d arthntls (HJ.cks, Hanscn & Kornrelch, 1970 Ansell 1972-

: Iev.Lnscn Balz & Bondl, 1977 Brewer Jr., Glanm.nl & Barkley, 1980)



Adnu.m.stratlm of gold w:.th othe.r slow act::.ng ratutt.lve drugs
(ptmylb\rtazcne antunalan.als, cytotoouc agents) 1s not recaommended.
Smce each drug alone may cause dennatltls, bone marrow depressmn or '
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. protemuna, potentlatlm of these effects may occur when these drugs
‘iareusedtpgetl'xer Potent:.aldrugmteractlmsandmcreasedtonmty
"havenotbeensttﬁled mtmstbecmxs1de.redwl'mtherapyw1thmre :
| than one agent is contenplated (Gottlieb, 1981). The use'of .
’ penlc.l.llatru.ne (a heavy netal chelat.mg agent) along w1th gold 1s not
| adnsed Animal studies (Eyrmg & Englenan, 1963; Davidson & Engleman,
1964; Rubm, slmnslu et al., 1967) and some hunan studies - (Eyrmg & |
"‘,L"Ehglenan, 1963 Dav:.s, 1969) dem:nstrated that pen1c111amme E "
| s:t.gnlflcantly increased the. excretlon of gold when administered in .
‘doseslargerthmlOgda:.lyforatleastB—?days. mrerecentmrk
o (Davis &Barraclough 1977 BJ.ggs, Bolandetal 1979), however does

.mtcmfmntheresultsobtamedmearl:erstnﬂlesandﬂ)eeffecuveness

'._of D-peruc:llamme as a c.helatmg agent - for gold to:c:.c1ty is quest:Lonable.
.Atonetmeccncurrentuseofsystanlcoorucosteroldsandgoldwas;_ ""
:bellevedtoreduceﬂ)eefflcacyofthechrysotherapy howeverno--
.‘ev:.denoetosubstantz.atethlshasbeenreported(ceﬁaerapaulus, 1975).
il.Infact,goldsaltshavebeenusedtohelpreduceﬂmecortlcostemxd
dosagempata.mﬁwknhavedevelopedsﬂeffects (Ansell 1972).

. erentgolddosagescheduleswerederlvedarpmcallyfruutbe
clm1cal observatlons of pat:.ents over many years A typ:Lcal schedule
.-_jmsmtsofarlmtlaltestdoseof10ngofA'IMorA1Gfollowed1na
'weekbyzsmg.':pmvldedthatmadverseeffectsamobsemed,@ng‘

"isthenadmmsteredmweeklyxmt.ﬂatotaldoseoflOgofgold

catpound (500 mg of eletental gold) has bem glvm or tom.c:Lty occurs
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- If patlents go mto rerussmn before carplet.mg the full 20 week course,
gold is adnunlstered at Progress:wely longer J.ntervals, e. g bl-weekly
for a g:Lven perlod then tr:.-weekly ‘and then monthly to reduce the chances

<._‘-_.of tcxlc:n.ty developmg Most patlents requ:Lre a nu.mm.m of two to ;

‘three nmths of treatment (300—500 g of gold catpound) before the
' f.t‘nerapeutlc effect is. observed If and when, tox1c1ty develops, '

I treaurent 1s tatporarlly or permanently dJ.scontmued dependmg upon the

v‘j_typeandsever:l.tyofthereactlm Ifmpmvementoccursaftera
»-"cumlat:l.ve dose of 0.5 g Au most rheumatolcglsts recatmend ma.mtenance
J'therapylnordertoreducethemca.denceofmlapses Typ:.cally,_ |
‘ma.mtenance therapy conslsts of J.njectlons of 50 mg bl-weekly for ba
penod of 2—20 weeks, then tn—weekly for several nmths and ‘then
nmthly 1mless a flare—up" occurs : mthe.nnlch et al., (1976) ‘
| :cla.uned that J.nject:l.ons at 4 week mtervals or longer were msuff::.c:.ent |

_.to mamtam ranlss:.on. llbxe recently Grlffms et al., (1981) reported

<o that pat:.ents recelvmg bJ.-weekly mjectlons had anuchh:n.gher mc1dence

of tox:.c 51de effects (48%) than patJ.ents -on monthly J.n]ectlons (22%)
. "Ihese r&gults suggest that monthly nm.ntenance therapy 1.s as effect.l.ve N
' '~"as bl-weekly and is less lJJcelyto cause tox:.c:.ty Snruvason and co—-
workers (1979) clearly deraxst:?tedthevalue of man.ntenance therapy
'meyreportedcontmued remssmm73% ofRApatJ.entsvmorecelved
“'ﬁcmysotberapyfor3yearsorlongercatparedtomly6% spontamous"-'
"'ramsmaxswhengoldﬂxerapywasstoppeddunngthefzrstMImths
'Unfort:xmatelyﬂxerelsa tendencyforsatepatmtstodeterlorate 5,
"after prolcnged pen.ods ‘of ‘remission desp:.te contmued chrysotherapy
: (Rothenm.ch, Plullps et al., 1979) For these patlents, adm:.m.stratlm’v |

of another rem.ttlve drug (penlc:.l]am:me nethotrexate, azathlopr:me or
‘ e o

)



cycloplws;harm.de) manalternat:.ve Ifthenamtemncedosagels
J.nadequate, thedlsease will gradv.nllyreappear Omtrolcanoftenbe
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'm—achlevedbyretummgtoweekly mjecta.ons - If renlssm occurs,v

'somdosessmuldbeamumsteredmweekly,orlargerdoses L

(e.g. 75 mg) given trl-weekly (s:m.th, 1963; Sagrarislcy & Greervald, 1980). 
AfterOSgAulfapatlenthasnotslnmpomtlverespmse,

"several alternat:.ves are ava.llable. 'I‘hese mclude i.ncreas:mg the dosage -

" of gold for a short t:uue, cmtmmng w:Lth the coment:.mal golddosage

"'__forafurﬂ'xerpenod ord:.scmtmuingchrysotherapyaltogether Sm.th

'et al., (1958) reportedthat 82% of pat:.ents mresponslvetoweekly

gold mjectlms mproved s:.gmflcantly when the dose was gradually
."'.mcreasedatweeklymtervalsbymtozsm, mtllana:ummomemg
msreached 'mesepatlentswerecmsmered"hyper-excretors ofgold,.'v
:»-anismthrecmnerﬂedlrxdiw.duahzmgthedosagemxdmgtounnary

.4forallRApauents:LsmtpractJ.cal R::themu.ch, et al., (1976)
_reportedthat43%ofpat1entsvtnfa11edtorespaxdtoacmventlonal'
doseofgoldmpmvedwhenlStoZtmestlusdosewasadmmstered
--‘Despltetheselargerttmmmwaldoses, sldeeffectswereobservedln

a .aocreta.m (1963) ' Um?orttmately nm:.tormgtheunnarygold concmtratmns N

-cnly 10% of the pauents. | Rather than gradually J.ncreasmg the. dosage, o

”‘sa:ephyslcwxsadmmsteranadmumallo-zomgecumsofsomof |
-gold(pmdedthereaxenotmucreactlms)mﬂwehopethatahlgher-
.'cmulatlvedosemubebeneﬁclal Others  discontinue chrysotherapy =
'afteradnumstraumofOSgAuandbegmtxeammtmthamﬂnr

Recehtlymseveralcmtrolled sttﬁ:.es,theeffectlvmessofthe':

."ccnvmtlonal schedulewasbutparedmbothhlgherandlowerdosages.ji”.



BothCats (1976), and Enrst et al., (1977), detmstrat:ed mcreased
‘to:dmtyandnoaddltmnalclnucalbenefitfraanmgandlSOmgAu
,adm:.m.steted\eekly.. I.nanotherstudy ZSmgAmweeklymsreportedto ‘

V"~beaseffect1veasm°ematarnmtadrmnlsteredmaflembledosmg
;schedule thlsresultedmareductlmmtotaldosagemtdldmt
»Avd.um.m.shthemcxdenceof side effects (Sharp leskykﬁal.,w??)
Iorberarﬂassocmtes (1973) recamended mdiv:.duahzmgthedosage of
goldtonmntamthesenxngold cmcentrat:.axsaboveBOO ug/dl, becausev
thlsmtratlmappearedtoconelatewellmthafavorableclmcal |
response Becausenmlerousotherinvestlgatorshavemtbemablebo
'cmfzmanyrelatlcnshlpofsermgoldlevelstoeltherclmlcal -

. responseortmu.c:.ty, (Gerber Paulusetal,1972 Mascarenhas Granda&,
F‘reyberg 1972 Rubmstem & Dletz, 1973 Gottlleb Sm.th & Smth, 1974
'Furst,Ievmeetal.,1977),50quofgoldccnpomdweeldyhasratamed
@ﬂmeacceptedstandardarxilshkelytoreramsomtllnorepersuaswe'
‘:.datalsbresented |

5. e o a2 e 7
Omtrolledstudleshavedenmstratedthatchrysotherapyisof
; _beneflt to pat:.ents w:,th progress:.ve RA (see ERC, 1960 cce,. 1973-
-S:Lgler, Bluhm, et al., 1974) Mrussmns or marked mprovanem: can _
‘ ‘beexpectedm60-70%ofpat1ents, b.xts1deeffectsdevelopmaboutme
thJ.rd of these. patlents, resultmg in dJ.scmtmuatJ.on of treat:nent -
(G:Lbbons, 1979). T N
' Gold causes many s:.de effects (Table II) In mst early stud:.es, .
'any adverse react:.m or “dlsturbance was attrlbuted to gold toxlc:l.ty

W



Table II..

‘Adverse Reactions As$otiatéd With Chrysotherapy e

19

f-Mucocutaneous AT

Hemato1og1c |

: Pruritus o I
Dermatitis
Chrysiasis
- Stomatitis

.Vagin1tis
Ocular 1lesions

Renal

.'Proteinuria ,
Nephrotic syndrome - - .

'Eos1noph111a
: Thrombocytopenia
.. Leukopénia -
-. Agranulocytosis
- - Aplastic anemia

‘ M1sce11aneous

‘ ~Vasomotor (nitr1to1d) reactions_
~ Non-vasomotor reactions - ‘
- Diffuse pulmonary 1nf11trates
- GIT disturbances - .
' ‘Enterocolitis
" Cholestatic jaundice. c
.- Peripheral neuropathy - =~



; (Hartfall, Garland & GoldJ.e 1937b) ' The developrent of bette.r

. dlagnostlc techm.ques dn.fferent class:LfJ.catJ.cns of the rhetmatlc

oo dlseases, and the recogm.tlm of smu.lar s:.de effects m placebo—

3 Ereated patients, should have lowexed the- over~all J.nc1dence of tox:LCJ.ty

Hmever the:.nc:.dencehasmtchangedsmoethethlrtlesv&m

l?brest:.er fJ.rst popula.nzed chrysotherapy Freyberg (1966) reported an

‘_average mc:.denoe of 32% J.n over ]000 pat:Lents treated w1th gold salts

'.'between 1935 and 1958 which is catparable to the J.nc1dence observed in

more recent studJ.es (ERC, 1961b Cats, 1976 Majoos, Klemp et al., 1980) .
bbst cmphcat:.ons of chrysoﬂxerapy are m:x.ld but appmmmately .

‘_5% of RA pat:.ents treated w1th gold w111 experlenoe severe, llfe— -

: threatem.ng react:.ms such as exfol:l.atlve de.rmatltls, nephmtlc j

: or aplastJ.c anem:.a (Freyberg 1966) 'Ihe nnrtallty rate J.n ‘

i wasreported tobeash:.ghasB% (Hartfall, Garland&GoldJ.e,

| 19375), mtlsnowestlmated atabouto 4% (Gottl:n.eb, 1981). This

:l,.reductlmmdeathratecanbeattrlbutedtotheadmmmtratlonof R

. 'lowerdosesof gold, lmu.tmgthe.rapytomjectlms of,A’.!MandA’lG

“ o ‘mtramscularly, earller recogm.t:l.m of taxlcn.ty and improved treatment |
of the oatpllcat:l.ons w:.th cortloosterolds, chelat:lng agents, and | |

‘advanced life support systems (Gottlieb, 1977).

o Goldtmu.mtymayappearatanytmedurmgtreamentbutls

| ‘"nost oamm after the adnum.strat:m of 300—500 mg of\Au (Jessop,vw |

'1972a; Smith, Peak et al., 1958) . Pat:.ents who experience onlylm.nor |

) s:.de effects dunng the mltz.al treatuent w:.th gold rarely acperlezwe
tOXlCJ.ty dur:.ng namtenance therapy (Cats, 1976 Kean & Anastass:.ades

| 1979), or, wlmthedoseofgoldlsmcreasedtoSO m;"weeklybecauseof
‘v'ja flare—up (Sagranskys.czeemald 1980)._' e '

[



\

Several early reports clanmed a pOS:LtJ.VE oorrelat.lon between

gold torxlc.lty and therapeutlc effect (Oopenan & 'Degner 1937 Bayles &
} ;'Fremnt-Smth, 1956 Stu.th, Peak et al., 1958) but later controlled

'ff%trmls—fuled to—cmfmn these—observations—(Em—lQSla‘-—Gottlieb, - -

~ Smith & Snlth, 1972 Cats, 1976) It is now- generally agreed that

: tox1c1ty 1s not a prerequ181te for a favorable cl:uucaljrespmse and L

. that gold tox1c1ty may develop J.n the absenoe of any mprovatent T
| ’(Gott]:l.eb 1979a) - | | N

No canbmatmn of laboratory tests and clm1cal exanu.nat:.ms has o

been sucoessful m pred:.ctlng the developnent of gold tox:.c:.ty Rem:tlts
f'ran patch and mtradermal tests (Kay, Rosenfeld & Tjoflat, 1939- s

" "‘.‘Walzer, Femstem et al., 1972 Dav:Ls, Ezeoke et al., 1973 Penneys, o

| ‘.Ackerman & Gottl:.eb 1973), serum gold levels (Gerber, Paulus et al.,

| -1972 Mascarenhas, Granda & Freyberg 1972 Rub:.nste:.n & D:Letz, 1973°' ;

Gottlleb, Smth 5 smith, 1974 F.‘urst, Iev:l.ne et al. al., 1977), unnary

excretlon rates (Gottheb, S(m.th & Smlth 1972) v and gold tlssue leTels
e (Gottlleb, stuth et al., '1974b) can not be oorrelated Wlth to:uc:.ty

'Eosunphlhahasbeenobservedmdxeq‘nlfrequencympatlmtsmth ‘
a"dmm t@uCltY (Jessop, Dlppy et al., 1974-<Dav:x.s & Hughes 1974), -

'-,:v'andmpatx.entsmﬂ\actlvesystamcRAvdbhavemtevenreoelved
N gOld mjectlons (Panush, Eranoo & Schnr, 1971 WJ.nchester I.a.twm

,.'1977’ and oerta:l.n tJ.ssue antJ.gens (mmz nawz mm, DRw4) e

o '(Abruzzo, 1978 Panay:., Wooley & Batchelor 1978 Ma]oos, Klaxp i ‘
| -n'et al., 1981) have been assoclated w.Lth the developmt of side effects
'."lnpat.l.ents, howeverfurtherlmrest:.gatz.m J.sreqtnredtoestabllshthe

h .

: '_"clJ.m.cal relevanoe of these fmdmgs

f_,et al., 1971) Elevated serum Ingevels (Jalava Dmkkaa.nen et al.,



Attenpts to prevent the develognent of gold tooo.crty by admlm.s
| trat:.on of large doses of v1tam:.ns, llver extracts, calc:.um salts and

. glucose have also proved mrewardmg (Hartfall,»Garland & GoldJ.e, l937b ;. S
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T Tarsy 1940). It therefore seems that the only useful crlterla are’

. careful clmlcal and laboratory exam.natlons of pat.lents 'Ims, dur:.ng :

chrysotherapy patmts should be: car.efully mm.tored for toxlc symptans

-'such as pnn:ltus, skm rashes sore mouths bnusmg, or: easy bleed.mg
' UrmalysesandbloodootmtsshOuldalsobeperfomedroxﬁanely B Atthe

. First s:.gn of a react_wn deperﬂmg on the type and sever:.ty, the dosage

":may be reduoed (Burnste.m, Staley & Chlabro, 1979) or gold therapy

:_terporarlly dlscontlnued (Gottlleb 1977 nosenbam 1979) Once the
_:“”;_leslon(s) has cleared gold therapy may be re:.nstltuted begmm.ng WJ.th
'lowdoses or if the SJ,de effecthas been severe, _treattmtwlthgold

'Ibuucreactlmstogoldhavebeenreportedtonmlve mstorgans
'.i*mmebodymtthesluna:{ﬁmm:smamsareaffectedmstoftm

: "Between 15—30% of alJ. pat:uents glven gold therapy expenenoe o |
'mcocutaneous react:.cns (KlJ.nefelter, 1975 Dav.Ls, 1979) ~ These mclude
raﬂ&scn.ptslunles:ms anden:ptzmsresablnxghctm planusor k
‘U’pltyrlaSlS rosea, th.ch typlcally are prunt1c (Pameys Adcernan &

Gottl:.eb 1974) Ebcfollatlve denmt.:.tls, a uuch nore serJous cClelJ.cal ’ ; A

oocurs rarely (2va1f1er, 1979 Gottlleb 1981) Chrys:.asls,the o

chpos:LtJ.on of gold part:.cles 1n ﬂxe skJ.n result:x.ng 1n hyper-plgnentatlm

-
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| ~1_1ght exposed areas, occurs ;in scme pat.1ents recelvmg prolonged

treaunent (Oooc & Marlch 1973 Jeffery, Blggs et al., 1975) I.esn.ons
_of the oral mucosa (stmatltls, glossuls, glnglv:.tls) are mcmmon and |
li——may be—preceded by a~sore mouth- or- a metalhc—taste (Freyberg 1966)- ~————e
| These reactlons may occur alone, or, occas:.onally in aSSOClathn w1th .
dermatJ.tJ.s (GJ.bbons 1979) mly one case of vagJ.m.tJ.s assoc1ated w1th .
chrysotherapy has Men reported 1n the llterature (Webster &‘Juden 1978)
Ocular 1es.1.ons (cmjmctlntls,.mtls and corneal ulceratJ.on) are o
mfrequent (rtEall, Garland & Goldle 1937b- Prlce r Ielchtent.rltt, -
1943) v but oorreal chrys:.as:.s (accunulat:.orn of gold partJ.cles 1n the
: oornea) has bee.n reported J.n 45-75% of patlents recelvn_ng a cumulatJ.ve
dose of more. than 1500 m; of gold (Hash.moto Maeda et al., 1972
Gottheb&Ma;or,lQ?B)
- The necham.sm(s) respons1ble for these types of gold touuc:Lty T
- are mkrm Dennan and Denman (1968) and Walzer and assocmtes (1972) / '_
| suggested that certaln react:.ons to gold (e g._ dennatlt:l.s) were |
mnnmologlcally med:.ated Although eosmoph:.lla and/or elevated serum |
IgE levels have been observed in assoc:.atlon w1th gold de.mlatltls --;] : ,.
suggest::.ng a Type I hypersens:l.tlvn.ty reactlon (Jessop, Dlppy, et al., :
1974- Dav1s, Ezeoke et al., 1973), s:.mlla.p changes have: been reported m S
patlents w1th actJ.ve RA who have not rece:.ved gold treament (Panush, S

Franco & Schur 1971, WJ.nchester thwm et al., 1971 Hunder & Glelch, -'

1974 Grennan & Pa]mar, 1979) M.Also, patch and 1n me '_ skm tests i
have been negatlve in ﬁost patlents w1th gold dermatltls, and mconclus:.ve o
results have been ohrta.med 1n lynphocyte transfomlatlm tests (Penneys,

Ackenren & Gottlaeb, l974).~ Because cutaneous reactlons often develop

after the patlent has recelved multlple gold J.njectlons (400——800 mg



cumulatJ.ve dose) ,. a dJrect tox:Lc effect on the skin has been suggested
Chrysrasn.s has been cons1dered an example of aﬁ cumulatlve toxic effect
(COX & Marlch 1973 Stone, Claffin et al., 1973) SkJ.n blOpSles '
;—of patlents Wlth chrysn.as:.s were—found to contaln —hJ.gh _levels of- gold
but these patlents had had no dermatltls sn.nce developlng chrys1a51$
(Jeffrey, Blggs et al., 1975) Other mvestlgators reported that skln‘.
frt:m leslons and 1maffected areas in the same patlent contalned sn.mllar

e amounts of gold and these 1evels were canparable to - those found in the

s sk:m of patlents w1thout dermatltls (Gottlleb Smlth et al. al., 1974b; '
Ghadlally, DeCoteau, et al., 1978). 'I‘hese f:LndJ.ngs suggest that scme—
thJ.ng more than the depos:.tlon of gold is requ:.red for cutaneous '
lesmns ‘The pOSSlblllty that skm les:.ons are an 1dlosyncrat1c '

. | reactlon to gold has also been suggested because many . pat.lents
experlenoe toxlcn.ty after rece:.vmg only a s:.ngle small dose of gold
(Saphlr & Ney, 1966) | | |

Nbst authorJ.tJ.es recatmend the dlsoontlnuatlon of gold therapy

when cutaneous-or nucous membrane lesmns occur These manlfestatlons S

generally resolve spontaneously Wlthln 3—4 months dependlng on “the

‘ vseverlty, howeve.r a few eantJ.ons can persxst much longer (Glbbons, o
1979) Antlhlstammes may be useful for prur:.tus and toplcal stero:.d |
preparatlons have been used for syrrptcmatlc rellef of dermatJ.t:Ls,A L
stcmat:.tls and vag:Ln:LtJ.s, btrt there 1s no ev1dence that they shorten the
rate of resolut:.on of these 1e51ons substantlal “y“ (Penneys, AckeJ:man &
Csottlleb 1974) More serlous canpllcatlons, such as exfol:jatlve :
dermatJ.tJ.s, requ:lre the dJ.soo:ntJ.nuatJ.on ofochrysothe.rapy and |
admnm.stratlon of systemlc cortloosterolds. D:tmercaprol and o

pem.c:.llam:.ne have been used sucoessfully in the past (Ragan & Boots,

24 .
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”1947; MtQarery, 1950) but are‘only recammended for severe reactions:

unresponsive to corticosteroid therapy (Davis, 1969). Chrysiasis

appears to be a long-lastmg plgmentap.on (Jeffery, Blggs et ‘al. al.,
»1975) of oosmetlc :meortanoe only. Corneal chry51a515 does not cause
v15ual dlsturbances or other ocular symptans and does not requlre \
dlscontJ.nuatlon of treatment. Unlj_ke skin chrysiasis, the dep051ts :
‘of gold in the cornea have been reported to dlsappear within 3—5.
bmnths after . te.mu.natlon of gold treatment (Hashimoto, Maeda et al., o
| 'l972) Even if the occurrenoe'of muoocutaneous reactlons leads to the .
o dlsoont.muatlon of chrysotherapy many patlents mll tolerate further
) therapy after the:.r le51ms clear Chrysotherapy was remstltuted '
' suwessfully in- 28 of 30 pat_lents who had prevmusly developed ‘rash,
stcmatltls, or both (Klemfelter, 1975) “In some of these patlents
nuoocutanem:s react.lons recurred but dJ.d ot require’ stopp:.ng therapy.'
: 'Purther gold m;',eament for pat.lent§ who have expenenoed severe
cutaneous -reactions i.e. exfbllatlve dermat.ltls is oontrade.cated

'Je'

"(Permeys,AdceJ:man&Gottl:Leb, 1974) R

A
e
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b RENAL

N 'Ihe assoc1at.1.on of renal lesions w1th the admnlstratlm of gold ‘

' in an:mals (Ganote Beaver & Moses, 1966 Stuve & Galle, 1970 Nagl
Alexander & Barabas 1971 Trx'npson Blaszak et al., 1978) and in RA
pat_lents (Brun, Olsen et al,, 1964; Lee, Dushkln et al., 1965,

' Sllverberg Kidd et al.,: 1970) is well documented - The most common

\

. oatpllcat:l.on lS protemurla ' the J.nc.l.denoe rangmg between 0 and 26% ’

(Table III) Prote:murla has also been observed in about 3% of - R ‘ T

placebo—treated patlents (EP!C 1960 CI:C 1973) Possz.ble causes

J ‘.
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‘ mclude contammated specmlens, urinary. tract :Lnfectlons (Dav15, 1979) ’

- or othe.r drugs used to treat arthntls i.e. analges:Lc nephropathy -
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(Lancet, 1966) Nephrotlc syndrome, a more serious renal ccmpllcatlon, :
. is much less ccmnon, reported in only 0. 2-2 6% of arthrltlc patlents _
‘ On ctu‘ysotherapy (Sllverbe.rg K:de et al., 1970 Vaanrmde & Hunt, 1970
Tornroth & Skrlfvars 1974) Bes:Ldes gold other causes for nephrotlc
syndrare :anlude amylo:.dos:.s (Nagy El Mahallawy 5 Sabour 1959;
Allaude.r Bucht et al., 1963) ‘and lupus nephrltls (Pollack, Plram,
‘et al., 1962 Schrelner & Maher 1965) ; therefore careful dJ.agno51s is -
‘mportant.' 'Ihe n'echam.sm(s) respons1ble for the productlon of renal
lesmns is not known. - Gold’ deposns have ‘been detected in renal tubules,
; rmterstltlal tl.ssues and glcnerular tufts in kldney biopsies obtained in
| pat_lemts w1th gold-mdxmd prote:murla or nephrotlc syndrdre (Sllverberg
xma ét al., 1970 le, Mmlelly, et a1., 1977). Inmmoglobul:.ns
| (IgG, IgM) . and cmplmt depos:.ts conta:m.ng elect.rm-dense gold

partJ.cles wexe also obse.rved w1thm the glcme.mll (Katz & thtle, 1973;

;Yaran, Sbem et al., 1975 Skrlfvars 'Ibrnroth & Tallqulst 1977)

support:.ng the hypothes:.s that immune a:tplexes are’ mvolved m tﬂ'xe ,,”/

thogenes1s of gold-mdlmd nephrcpatl'ly. Anothe.r hypothes:.s Wthh
.'.vaxrantsfurthermvestlgatzmlsthatRAltselfcanmdxnenenbrarnus
nephntls (Satmels Lee et a.l., 1977)

B Smcemstpat:.aitsa.reasynptmatlc, regularur:.nalysesare
.':reqmledtodetectgold-relatedproteumrlaarxinephmtlcsyndrme
(Dav:.s, 979). Atraceanumtofprotemmtheunmmmtan -
_milcat.wn to d:Lsccntlnue gold t.reatment but ,pers.tstent protemuna,
‘mtheabsenceofaunnarytractmfectlcmorothercause,maybean

t ) earl-y 51gn. of'-_gold neptuopathy, and_*.-lnjectz.ons ‘should be stopped

i«':e',ti ,;




(Jessop 1972; Gibbons, 1979) . Prote:cnurla and nephrotic synd.rcn'e may'

not reun.re treatment other than the d:LscontJ.nuatlon of chrysotherapy,

——but—ln Tore-severe- cases- cortlcosterolds should be adnu.rnsterec
(Vaarmnde & Hunt, 1970 Dans, 1979) There is no ev:.dence that
d.unercaprol or pen1c1llam1ne are helpful but in cases unresponswe to
cortlcosterolds these agents may be tr:Led (Glbbons, 1979) Gold therapy

_may be relrstltuted cnce the proteJ.nurJ.a has resolved but is not glven .

aga_m to patlents who have experlenced more serlous renal s:Lde effects

c. fHEI‘MOLOGI‘ : »C
. Henatologlc disorders resulting fmm chrysoﬂmapy mclude
| eosmophllla thrmbocytopem.a leukopem.a or agranulocytos:.s and
‘aplast.lc ansnla i 'Ihe nnst camnn henatologlcal change assoc1ated w1th
gold lS eos:.nophz.l:.a whlch has been reported in 40—45% of gold—-
"treated pat.lenfs (Dav:.s & Hughes 1974 Jessop, Dippy, . et al., 1974)
‘ 'mrmbocytopem.a 1s a less camtm ccmpllcatlon of gold treat:tent
.‘ oocurn.ng in 1—3% of patl.ents (Gott.h.eb 1981) and leukopenla may )
: develop durmg treatment ow:.ng to granulocytopem.a or agranulocytos:Ls.
Theexactmcldencelsmtkrumbutlsprobably< l% (GJ.bbcms 1979).
' -v'mennstsermscmpllcatlal.lsaplastlcanam.a Itlsrare,butls
assoc:ated w:.th a 60% nortahty rate (McCarty Brill & Harrop 1962-
I vKay, 1976) _ Ce LT ‘ ‘ ,
Anunmnologlcnechamsnhasbeensuggestedasthecauseofsane." |
of the ‘gold-related henatologlcal side’ effects. Bone marrow b.‘LOpS:Les o
fmnpatlentsmthgold—mducedthrmbocytopenlahavebeen foundto o
| ‘contannmmalormcreasedmnbersofnegakaryocytes ’Ihesedata '

v__.mggestﬂaatthrcnbocytopenmlsmsthkelyduetoperlphexal



g destmctim'of platelets (Stavem, Stmtme & Bull 1968- Deren, Mas:., -
et al al., 1974) even though antl—platelet antJ.bodJ.es have not been deunn
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d.mect tOXlC effect on

strated—(Iev:.n,~Mllan et al.,
- the bone marrow has also been suggested (Howell, Gunpel & Watts, 1975
:Kurm.ck Rob:.nson & chkey, 1971). \ . -

N . ‘ The clmlcal 51gm.f1cance of eos:.nophllla and leukopem.a is not

:known Bothco::dltlonshavemenreportedtooccurmtheabsenceof».'

'chrysotherapy (Panush, Franoo & Schur, 1971; Wmchester Litwin, et al.,
| ‘.1971 Barnes, 'I‘umbull & Vernon Rdberts 1971) and arthrltlc patlents
with pre-enstmg leukopem.a have been successfully treated w1th gold '
.salts mtl'lout adverse hsnatologlc effects (Gowans & Salaml, 1973)
: Eosmophllla and leukopem.a can be/ccnsz.dered J.ndlcatlons to dJ.sccntJ.nue
| chrysotherapy tatporanly (Gottlleb, 1977) , but gold can be cont.inued
'mfullorredmbeddosagemlessthesnuatlmmrsens 'mrcnbocytopen.la
an mpredlctable pote'lt:l.ally llfe-tl'meataxmg ccnphcatlm, usually :

| reqm.res mned::.ate ternu.nat:.cm oftherapyandadnumstratmnof stero:.ds

| © buts it can resolve spmtaneously (Ray, 1976 Dav1$, 1979) For cases
Jum:espons:.ve to stermds, splenectany (Watson, 1953 McCarty Bnll &
Hanxp 1962), dme.rcapml (I.ockle Norcrosse &George 1947 Thatpson
‘ SJ.nclaJ.r & Du.thn.e 1954 Hazlett & Yendt, 1958 Sapm_r & Ney, 1966;

" stavem, Strame & Bull, 1968 F.hglard & Snlth 1972; Stafford & C:rosby 3

"{‘1978), D—paucmanme (Bluhn, Slgler, et al., 1952 Harth Hic:key
et al., 1978) andvumstme (Ahn, Harn.ngtax et al., 1974 Ball

'.1977) have been used w1th same success Marrow aplas:ta is also
':,mpred.l.ctableamiaprogresswedropmlmatologlc values shouldresult

,-

' mcessatzmofchrysotherapyandmned:atemvestlgatmofthe bone
marrow (Baldmn Storb, etal., 1977 Dav151979) ’merearemspec:x.flc _

\ -



‘ neasums for the treatﬂmt of agranulocytosm and bone marrow aplas:.a
but patlents may beneflt frcm cort:.costero:.ds and.mgens and transfusmns

Dmarcapml and- D—pem.c:.llatune -have been—used as- chelat:.ng agent.,
altbough there is llttle ev:.dence that they are of beneflt (Kay, 1976) .
) Generally, gold-mduced aplastlc anemia ‘has a poor prognoms even with
these treatments. More recently, per:.toneal d:.alys:.s (Carbs Dent:l.no
| et al., 1976) and bone marrow transplantatlm (Efldwm Storb, et al al.,
" 1977) have been used For pat.:l.ents who have expjjlenced hanatologlc .
ccnpllcatlons, further gold therapy is ccmtra—md.lcat;ed |
‘ :

d. om,m—mmsmm :

| Vasamtor (mtntOJ.d) react:l.cms have been observed m'34% of RA
: patlents treated w:.thAm (Furst, Iev:l.ne, et al., 1977) however J.nIrDst
’studlesthemcldenceofthlsreactmnhasmtbeendetenmned Synptcms
usuallyoccurdnrtlyaftertheadmlmstratlonofmnandconsmof
faC:l.alﬂ.usl’u.ng sweatmg wealcness amiglddms(Austai 1970 Sharp
lesky etal.,1977) 'meetmlogyoftmsreacumlsmtmmt
nay mvolve hypersens:.t:.w.tymtheccnpanﬂ thepzeservative,,A‘ |
‘ thevehlcle 'mereactnmlsusuallymlldandpassesmastnrttme
'-‘fi»ihltmsmepatlmtsmlssevereemmghtovarrazrtaleducumm _
A':t"dasTgeora changetoanothergoldcmpaxﬂ Subseqtmtreactzmsoccur
" rarely.  Gottlieb and Brown Jr.. (1977) and Harris (1977)-each reported = .
v'.asunglecaseofanaaxtemyocardmlmfarcumasacmsequax:eofa; . |
| _ waasamtozr(post:ngectm)reéc&mscmsmﬂngofucreased
ﬂ-'stJ.ffness, arthralg:las myalgias, Jomtpamandcmstltutmxal
synptcms developedmlS%ofpatxemtstreatedmthAﬂdmalesttﬁy

'YF\ -
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(Hélla, Hardin & Linn, 19"77) 'me cause(s) 1s/are not kmnm but the

results frunonestudysuggestedthatthesesxdeeffectsweretheresult

of a. trans:.ent_mhlbltcry_effect Qf_A’an_the_retlculoendothellal

| & Pussell 1979) 'I‘hese manlfestatlons are

well tolerated 1y, but in patJ.ents who find the synptm\s

dlst.ressful, often A’IG can be substJ.tuted without furt:her reactlons

developmg
Other organ systans J.nfrequently a.ffected by gold mclude the A
lungs, the- gastromtest:mal tmct, the hver and the per:.pheral ne.rvous. f

system Acute resp:l.ratm:y dJ.stress assoc:.ated wn.th d.l.ffuse whtmary

- mf:.ltrat.lmhascnly recentlywendescnbed Mmterbauer, W1lske & o

- Wheels 1976 Geddes & Brostoff, 1976 Gould, McComack & Palner 1977

James, Whimster & Hamilton, 1978; Smith & Ball, 1980 Podell, Klmenberg, o

o etal.,1980). Gastromteetmalsmeeffectswmmhavebemobserveq*

fr@mtlydxmnggoldtherapynx:lxﬁeanorema, nausea,d:.a.rrheaand
abdamnalcranps(myberg 1966)mten1yafewcasesof o

o enterocohtmhavebeamreportedmthehteratme (Kaplmsky Pras& :

: Frankl, 1973; Stein's Urowitz, 1976) - Cholestatic jaundJ.ce assoc1ated‘: ‘

‘,mthduysotherapy:.salsomcaum(l’avremi Tammbalm&l:algh 1977)

asmMIMOfﬂEWmsysthmﬁlype&&muat,_
1964 Walsh 1970. Katrak, Pbllack,etal.,\l980) u‘eetlology of
thesemenmuiestatmofgomwmtyhasmtmdemed
mscmtmntlmofdmysoﬂnrapyarﬂmmmofm
carta.costemldsisumllyeffecuvemmmof
J.nﬁltrab&saxﬂem:emcohtls Jmandp it ]
MymlveSMlyafwmmmmsm
ﬂm@mmtmnmuxedmmmsmmmﬂwﬂde :

!l



effects.

1. . ABSORPTION

. [

'I‘he;hanmoodynam:.csofgoldarerelat‘edat leastmp,arttothe

. physical propert:.es of the carrier molecule (e.g. water Solublllty, ‘

'_ particle s:.ze)dxglhemter soliblecmpomdssuchasAﬂdandA‘ISare
mpmyabamedﬁantmmjm slteaftermtranuscularadmstra'
t:Lon (Block, Buc:haman & Freyberg 1941) A'I'G in an o:Lly suspensmn is. 7,

g mre slowly abso:rbed frun the mject.lm s:.te but othe.nnse behaves

s sim11ar1yt0A!MarﬂA'1'$adnunlste.redmaqueoussolutJms (Freyberg

Blocketal, 1941"1942) Calc.lunauxntmanalatemldllsless ’

3

‘solubletthNandATS, follcmanintemedmtepattembebemthe'”
| ‘_solubleaxﬂmsoluble goldcaxpo\mds (Block Ba.x:hanan&Freyberg 1942)
T._Tlssue-dlstnmnmsuﬁlesmammlsrevealedﬂ)atlargemmtsof

'.gold (espec:.ally collo:.dal gold) rem.medatthemjecum s:l.teforas

mgasBSdaysa&erﬂehstcbsevasadnuustered(Blodc th:hanan&_'.ﬂ
‘ 198, S

Freyberg 1941- 1942 1944) InRApatiarts g:v.ven Au-A'm im, -

cms:.derableact:.ntyattlnmjectm mtevasetmmtetedforupbo
206ays(1’awrence, 1961). Smcegoldcmpomdsareusuallypoorly -

7'(SaJ.rarm&Vahatalo 1973) goldaxpamdswaredevelopedthatvere |

active arally (Sutton, McGusty et al., 1972). Exawples of these .

cqrpamdsmcltﬂetnethylphosﬂnneqolddzlondeandauranofup
(s-memylptnsphme gold 2,34, G-betra-o-acetyl-l-th:.o-e—l)- S

o -'glwcpyranosxde) (Figure l).» Oraladmnlstratamoftheeecmpmnﬂs
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"togumeaplgsmhlbltederyﬂnnaaseffectlvelyasasnmlardoseof '_,
" A admm.ste.red :Lntranuscularly (Kamel, Brown et al., 1978a) and in RA
fpat.l.ents, auranofm Bmg two or thxee times daJ.ly) was well—absorbed

and’ well tolerated (kaelstem, Walz et al., 1976) Gold was detected
v mfhe serunasearlyasthe seventeenth day, hwever, 51gm.f1cantly |
- lowerlevelswereobservedthanafterparenteralgoldtharapy (Walz,.

’ DJ.Mart.mo et al., 1972' 1976) I.ntra-artlcu]ar admmstratlm of gold
saltshasrecelved lJ.ttle attentlm altkm:gha few phys:.cmanshave
-'reportedmncessmmWasmjectedintothehxeejomt(s) In
'-addlumtothereducumofmﬂmaummthehnes,smepaumts
ecpenencedagenerahzedmprovmtmtheucmdltimmdlcat:ng
'uaatm@absorbedsystaucauy (Ansell Crooketal.,1963 Iew:.s& |
: Zlff, 1966) P R BT |
Afbermtrm:scu]aradmnmtra@ofhﬂﬁorﬁﬁ,ommmed:ate
' *rapzdn.se:.nplam (serun) goldcmcentraum:l.sobserved Peak
"l.evelsof400-800ug/dlareumallyreadedw1thms1xtn1rsof |

.mwmmwmlymﬂemmmg Blodc& /
e "3“ . . L
L f.&l Gerber, Panlusetal., 1972a; &scarmhas, Granda & ‘

?zeybefg f’~1972- J&sq_) & '‘Jons, 1973; Palmer & Dinckley, 1973; Im:ber_, o
- Aﬂuﬁ et al., 1973; Barth, 1974; Gottlieb, Smith & Smith, 1974a). s
A‘v'melaestcanentratnmlsobservedusuallymthesevmthdayju-st oo
' before t.henext mjectim (Krusius, Markkanen s Peltola, 1970;: Inrher
 Atkins et al., 1973; Leroy, Bureau et al., 1978) Imerplama-gom

”'levelsaxe@ervedmmclsadmnlstered (ahaxtcne-thudlessttm

_mthAﬂ!orMS)becmmeoftheslcwerabsorpt:mfxantheoxl—based
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J.njectlm,butattheendofmeweek, plasmagoldlevplsare ;
k~”carparable forallthreecmmmds (Freyberg Block&Wells, 1942-
'Mascarenhas Granda&FreybeJ:g 1972; Rubmstem&metz 1973) With

"J.ncxeas:.ngweeklydosages astewlsemcreasemplasuagoldccncen |
'_ tratlcn lsobservedbutbythesncthtoelghth J.njectlon, aplateauls |
"xeached(rreybe:g Block&levey, 1941; Masca.renhas,Granda&Freyberg
2 1972 Jessop&Jo}ms, 1973 Palner &Dunckley, 1973 Iorber, Atkins
et al., 1973; Lervy, Bureauetal., 1978). -As treatment continues with -
‘accnstantdose,goldcbesnotaccumlatefurthermtheplasua
»cmmdemblemv:malvanatnmaastsam plasnagoldlevelsare
‘affectedbythenatureofthegoldcmpo‘mdadmnlstered thedose,the
»"frequmcyoﬁdosmg thetmeofsanph.ngarﬂpatlentwelght (Leroy |

'Y,-Bm:eauetal.,1978) Atsteadystate,serungoldlevelshaveranged

fzunlSO-—GOO ug/dl (Gerber Paulus Qal.,1972a, mrber,wunsetal.,g"
' 1973; Jesscp&Johns, 1973; Lotber, 1977a). Mmtrepenodbeuaem
‘,m]ect:;msmla:gthaxed(l.e.n'mnba)mweﬂaerapy),therelsasteady
dmpmplasrhgoldtmtllthenextmjecum Senmgoldcaxcaltratlms
_‘-,mnbetweansmusug/dlmsomofgold (Am)wasn,' :
'Aamnmstezedeverytmrdorfam@k(eottheb,sﬂuth&smth,,"”

- 1974a) Wmmldtherapylsd;.murmedplasxagoldlevels followa

. ">'~pattemsnmﬂartonamtaxancetherapyh1tsmllmmtsofgoldare»

".stllldebectablemt}eplamannxthsou:evenyearslater (E&:eyberg

v' Block&Ievey 1941,_Rmestem&DJ.etz, 1973 meberts Dore‘

et al., 1976) Blood-Au levels of 300 ug/dl vere observed m ane

'VpahaltvtnhaddzedMyearsafterrecelvmgher]astmjectlmofm
evmthoughshehadhadmnemxstransfus:ms (lllLofpacked

cells) (Kanel Brownetal., 1976a) 'meseffmdmgs J.ndlcate;th‘at gold



frunthetlssuesnustpassextranelyslmlymtothebloodstmamfor
emcretlon Ingulmaplgs, aﬁteroraladmm.strat:.q?oftnethyl--

-phosptnnegolddllorlde (18 7ngAu/kg), serumgold levelspeakedw:.thm |

4 to 5 hours but were 51gm.f1cantly lower than those followmg mjectlon
-ofKHd(lSngAt;/kg, :m) Howeve.r, at 24hours thesenmgold levels
'werecmparable (Kamel Brometal.,l978a) InRApatlentson
auranof:.n t-.herapy whole blood-gold cmcentratlms mse st:ead:.ly durmg
thelZweekcl:.nlcaltr:.al readunganmummof%ug/dlw:.thsng
daydos:mgandlZOug/dlw:.thQngperday After?weeksof
treatne:rt,allpatlentsl'adagoldlevelofatleast300ug/d1mblood
lnaever,auranofmbloodgoldlevelsdldmtreachasteadystateor

plateau, unlJ.keA'm (Flnkelstem Walzetal 1976; Berglof Berglof& ‘-

Walz, 1978) After tenmnat:.ng auranofm therapy ‘serum gold levels

declmed slouly (Berglof Berglof & Walz, 1978) ‘ o

l_ Nutermsstudlesmntroatﬂmvmohaveslmﬁntatgold

cxncentratnmsread\eddtmngmrysoﬂ)erapy 85-95% ofthegold:mthe

c:.mﬂ.atlmwbomdtoall:umn (S]_lw:l.nsk.‘l. 1968 MJeen&Dykes 1969

hhscaramas,Granda&eryberg 1972'Danpure 1974 msm&bm:een

: 1976 Kalel, Brown et al., 1977 Wani Danp\n:e & Eyfe, 1977;

Schatta)klrdmer & Grdaensk:l. 1977- Imson, Danpure & Fyfe, 1977--

Franco:.s, &ld&zg et al., 1978 Van & Stadt & AHD-‘I‘llS‘b:a 1980)

3 Plamaandsenmgoldlevelsaresmlarmdlcatmgmapptecuble ”

blndJ.ngbny.brlnogen (Sl.‘l.w:msh 1968; m & Dykes 1969' _:
Masca::enhas Grarxia&Freyberg 1972, Sdlatterﬂu.rdm&&ol'anskl

| 1977 Franco:.s, Goldberg et al., 1978 Van de Stadt & Ahbo—'rllstra

1980) camtrary to the fmd.mgs of I.awrence (1961) Sxall auounts of.

gold (<10%) have been’ reported to b:md £ globulms (Smnn, 1954- .

AL b e S e
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Sllmnslu, 1968 MGQJeen&Dykes 1969;. Mascarexmas Granda& |
Freyberg 1972 Kanel, Brown et al., 1977 Lawson, Danpure & Fyfe,

B “’1977) J.nclud.mg ay globulm (Iawrmce 1961) B-l:.poprotem, and

; S 1Sy globulm (Ooke, 1963) At hlgher plasma gold ooncentratlons

| _ (300—700 ug/dl), there was an mcreased blnd.mg of gold to. nmnmo- |
globul.ms and caxplenent (I.orber Bovy & c:nang, 1972; §chultz GottlJ.eb -

"’r&Amold, 1973 vard, Danpure &Fyfe, 1977 Burge Fearon &Austen, R

| '1979 Hasselbacher 1981). Also, a small ammt of a low molecular L |

| »wexght (l.m.w.) gold—ccnta.l.m.ng fract:l.a'x was detected m the se.mm _

(Ward Danpure & Fyfe, 1977 Francols, Goldberg et al., 1978 Danpure

E‘yfe&Gunpel 1979) ‘ msfracum scnetmesmlslabelledas free |

B ld"(Danptn'e 1977)d1sappearedmtmn30tolo/mm afteradnu.m.s N

'trauon (Danptne Fyfe & Gmpel 1979) th.ch probably accounts for the \ s

fa.llure of prevmus mrkers to detect lt (Ia.bensa'x 1945 Kamel Brown s

| et al., l976b) When Am (3o mg/kg) was admuu.ste.red to gu:Lnea plgs,
tl'ns L. fracu,m ccntamed ccns:.derable ammts of 9old 30 nu.rmtes ,

o afl:er the mject:t.m, and it was ‘still detectable after 24 hr. (Kanel o

Br:c:wn et al., l978a). It has been suggested that the hlgh levels of

",thesermmxdﬂaatcyste:nemﬂ/orglutathaaxe—goldcmplaoesreleased _

.
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- .1 mw. fract::.m after 24 br. (Danpm:e 1977 Lawscm, Danpure s pyfe,
Freyberg et al.,‘ (1941, 1942), using a- colomnet:nc mlcro-chanlcal.” EE
.f'_neﬂaodfmmdveryhttlegoldmthebloodoellsofpatlentsmchryso-
therapy However, mthmre sms:tt.xvea.ndsophlstlcatedtedm:.quessuch )
'as atan:.c absorptmn spectrosoopy (AAS) and neutzm act:.vat:.on analys:.s -
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‘ : (NAA), vary1ng anmmts of gold have been detected in the cellular
* fractians of blood (Iawrence, 1961; Kamel, Brown et al., 1976b; -
- Francois, Goldberg et al. al., l978 Van de Stadt & Abbo-Tllstra, 1980)

In two studles, __.40-45% of RA patlents gJ.ven A'm or A’I’G had measurable o
.artounts of gold in the.lr red cell fractlons (&m.th Sm.th & Gottlleb, -

‘1973 Van de Stadt & “Abbo-Tllstra, 1980) The amount of gold bound

o ;to erythrocytes ranged frcm 0—131 ug/dl of the washed red cell fract:Lon

L (smth, Snuth & Gottlleb, 1973 mller Pedersen & Moller Graabaek

-v1980) A'IMdldnotpenetratetheerythrocytemembranebutappeared to o

'L

S be . bound to lt (Jellum, }. the et al 1979) and could not be removed

by wash:.ng Wlth free cysteJ.ne or all:nmn-—conta:mmg med.1a, J.ndlcatn.ng
very strong b:.ndlng (Kamel Brown et al l976b Van de Stadt & Abbo—
Tllstra, 1980) 'Ihe chrysotherapy program, the patlents' blood groups

o "and types and results of the.Lr serologlc tests, d1d not correla(te w1th'

‘ and subsequently released J.nto the cmculat:l.on Thls hypothes:.s is

X ;,1973) In addlt.mn to gola b:md:l.ng by erythrocytes Lorber and
: vassoc1ates (1975 1977b) have observed an J.ncrease m cell-gold corrtent'

gold uptake into red blood cells (Van de ,Stadt & Abbo—’l‘llstra, 1980) o SR TR
‘;Goldwasbarely detectable J.n\redcell fractwns elghthoursafter EERIY '

..f lnjectl.on, b\rl: reached a maxmum conca:tratlczn by day\7 suggestmg that .

'goldlsmcorporatedmtotheredcellprecursorsmthebcmemarrow
also supported by the f:l.ndmgs that patlmts w:Lth andw1ttnut red cell
: gold have s:.mllar serum gold ccncentratlons (Sm.th, Smlth & Gottl:Leb,

o when lytrphocytes were mcubated w1th hlgh mmtlms °f 9°1d q

I '_ (300-700 ug/dl) Also a fourfold mcrease ;\.\n lynphocyte gold was - _
observed 1n lO of 17 RA patlents after an J.m J.njectlon of ATM (Lorber, \ R
E Wllcox et al., 1979) | 'Ihe cl:.m.cal s:.gnlflcance of these fmdmgs is | -
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| not known

After oral adnunlstrat;on of auranofln , the dlstrlbutlon of

-_'gold in blood is dJ.fferent than after J.ntramuscular adnun.lst.ratlon of . T

" L trlethylphosphme gold chlorlde—treated am.mals (Kamel Brown et al. al.,
P 11978b) Kamel et al., (l978b) reported that ‘25% of sexum gold in the

o ASIM, and 100% in the trlethylpmsphme gold—treated ammals was proteln"

h,.thegold (Am) wasboundtotheserumproterns Only4% ofgoldas .

) ,V-;A'm has been reported to blnd to the oellular fractlon(s) J.n blood ,

ERr 5 chlorlde membrane—bmdlng to the sulphydryl groups of glutathlone and

- -'."afflnlty for lynphocytes than A’.[M for example. Eour weeks after the
S start of auranof:.n therapy lymphocyte gold oontent approached that |
2 fobta.med w1th A’IM desplte s:.gm.flcantly lower plasna gold 1evels.; These :

{,5_1979)

k - A'm 'I‘he absolute amount of gold (auranofm) bomd to a_’thmln 1s lower ' o
‘than after am (Walz, DiMartino et al., 1976), but the albumin, aj, @,
- .and B globulJ.n fractlons contaJ.n s:.mllar percentages of the total ‘serum

'-’gold.u The Y globulln-gold oonoentratlon was three times greater in

i e B G e L e At e 4 e oo v
; 4 R .

' bound 30 mJ.nutes after admlm.stratlon. However, after 24 hr., 88% of .

PURRS -L:f-f','v

'ﬂ. (Kamel, Brown et al., 1977) oanpared to 52—57% to the formed elements o

ai

' K.'*of the blood w1th auranofln (Walz, Grlswold et al. al’, l979) 3]‘P nuclear

- magnetlc resonanoe (nmr) stud.les denonstrated trlethylphosph:me gold

S SR DN S

.-'henaglob:l.n and poss:Lbly to the oell nenbrane(s) (Mal:Lk Otiko & Sadler,

'.1980) Gold ocmpomds whlch can’ be absorbed orally have a much hlgher : 4

Glisvasse

7'results suggest that as auranofln treatment oontmues, lymphocyte— - o ;

me!rbrane s:Ltes may eventually beoare saturated (Walz, Grlswold __1-: al

Follow:.ng the damnstratlon that gold in, plasma or serum was- box.}nd . ®

\

L maJ.nly tO album:.n (MCQueen & Dykes, 1969 Mascarenhas Granda & Freyberg

.o



1972r'Danp11re 1974) nmerbtxs'irivestigators e:ammed the binding

paraneters of thJ.s react:.m leenson (1945) was the flISt to suggest "

that sulphydryl groups of protems were mvolved m the gold bmd.mg.
ThlS was confz_rmed by Gerber (1964) ‘and Danpure (1976a) who dem:nstrated
thatgold(A'IM)wasbourxitothecystenaeMofnercaptalbmmn |
: (Cornell & Kaplan, .1978 a b) Ibwever, untJ.l recently, the role’ of
; carrler llgands ik the gold—albmm.n react_wns was. unclear Using nmr

(Isab & Sadler, 1976) ' extended x—ray absorptlon fme structure analy51s

. (Ma21d, Ra21 & Sadle.r, 19,80), and mssbauer spectroscopy (Brown Parish & .

';:McAulJ.ffe, 1981), 1t was shown that the gold(I) atcm in A’IM and AIG
vasbormdtotwobrldgmgmlfuratans andthatal:.nearZ-coordmated
gold(I) structure was the most stable and therefore the most. favored
‘Mmtleseoaxpaxxisreacteﬁmth’apmtelnsmhasalbmun (Gerber

1964) or a rbn-protem thiol such as cyste::ne (Danpure l976b) or .

‘glutatlruone,tﬂ)ebrldgnngsulptmrsweredlsplacedtofom S :

- bls-tluolato-gold(l) ccnplexes as shown J_n Flgure 2a (Shaw 1979) -\ ‘,
4furthe_r reactlc% with ncn—protem thiols could lead to dlsplacenent of
'thetlucmalatecarrlerllgand (Figure 2b). 'nuswasobservedwhen o

3SS-labelledAfmlwas mcubatedmthmmansenxnmmtroandttm »

fractlcmated by gel chrcmatogxaphy (Jellun, Aasethe & Mmthe 1977)

_Ebllcw:.ngtheadmnlstratammnvo of doubly labelledA'IG d;fferaut B

L

' _'annunts of l982%:.1 and- S—-th:.oglucose aa:unulated in mouse organs

/

'.mdlcatmg dJ.SSOClatJ.CI‘l of the t.hl.oglucose frun gold | (Saartz Chnstlan & -

T

Arxirew 1960) 'Also mst:udlesmvolvzngbothRApaumtstreatedmﬂ‘l

Myochrysmé@ (Be:.mnge.r Mmthe et al., 1978) ' and mlce g:.ven lgsAu-~

© Mo thiomlate (Jellun, Mlmt.he et al.; 1979 11980), free thiamlate .

;ﬁ’gmsdetectedmtheunmlzmz‘ihr afteradxm.nlstratlm btrtnot

13
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[ .
. a. Protein — SH — ——— Protein == S = AuTM
2  4_. - | Pl |
MM o 2t 5
- S | o
‘b. " Protein = S = AYTM —————> Protein — S — Ay = SR .
RSH .Q;h MK

%

c. Protéin ;-‘S e4 AuTM_——————-———B'Au(SR)ZEFvPrqtein_4—\SH 

+, . X » | R ,. : ‘ | + Y
" RSH (excess) - o ™. - SH
e . . N ...4&:‘.‘ o . . -

. s
2a.1Format1on of a b1s th101ato gold(I) comp]ex

2b. InVo]vement of a secon& th1o1 -containing. compound (RSH)
.,w1th release of free thiomalate (TM SH) ..

. o
. __‘_2c.'D1sp1acement of gold from protein in the presence of
el i excess. thiol (RSH)- , L = :

Fig&re.éi:‘Poss1b1e go1d prote1n react1ons suggested by Shaw (19810L s



in serum or synovial fluld Indlrect ev1dence for thlanalate-Au _

splltt.mg was reported by Grlffm and Stevens (1982) In the presenoe

a1

of N—acetyl—cysteme or bovme serum aJ.bumln AT™ dJ.ssoc1ated mh:bltlng

the enzymatlc actJ.V:LtJ.es of trypsm. Ith.bltJ.on was’ reversed when hJ.gh

conoentratlms of Jmldazole'was added to the system presumably because
_/ ’ mu.dazole acted as a ccmpet.ltlve bmdlng agent for gold. The thiolb- .

cmta.l.nmg enzyme papain was reactivated 1.n the presence of low

¥ b

o '1 of the enzyne caus:Lng :thlblt:l.on Dlsplacanent of gold from the protem
(Flgure Zc) lS arx:ther poss:Lble reactlcn J.n the presence of excess L
. thJ.ol (Shaw 1981) Studies with penlcz.llarru.ne (Brown McK:Lnley &
~ Smith, 1978 Biggs, Boland et al., 1979 Schaeffe.r, Shaw et al., 1980)
‘ axxiN—acetylcyste.me (I.erber Bamx;art:ner et al., 1973), ‘the structures
'ofmd:amshommngum:a dsmstratedthats:bstantlale:wesses
. of tmol were req\ured to ampete effectively with the protem(s) for f
gold: ms may ‘result - from the large.r b:.nd:.ng ccnstants for gold— )

AT Lo

| protein. ccmple:m than smple thiols (Schaeffer, Shawet al., 1980) or
‘_fransul;txydryl—dlsul;iudemterchmugereactlmsofﬂuolsmﬂupmtems

(Lorber, Chang et al., 1970). - | "
N "mekmeusofgommndmguoalhmnmmtbemammdm
'.detall Derpure et al., 979) datalstrateddaatduerateofbudmgof

A‘Ddtoalhmnmv:.vomsnudqfaster (lOOmm)ttaaan:xiJ.ugmntro,_"

-whxdarequuedapprmnnatelyShr.toatta:nequlhbrlun. ‘When

cumert:ally—prepa.redl‘nm a.]:blmnorstoredsenmwasused the‘rate
blrximgtoalhmmvasevmslower $1aw(1979)szgge£tedﬂzat@"

y

7

ccncentratlms of A'IM due to dlssoc:.aum of gold fram thmnalate but L

atMgherccncentratlmsﬂuegoldbomﬁtoﬂmethmlmtheactlvecentre.'

fasterreactmnmnvouasduetothereacﬁmofmﬂthxm-pmtem'
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thiols to form complexes which reacted nore readily wa.ththe a].bum:Ln

Others (Isab & Sadler, 1976 Petermg, 1976) proposed that the polymerlc

a3

structxmeofA:IMwasthecauseoftheslwreactlmmthalb\mn How--

- »,ever, cmfonnatlonal changes m a.l.btmun e.qg. the rearrangement of the \ ‘,‘

dJ.sulph:Lde br:.dges to an aged form (Danpure & Fyfe, 1976; Comnell &
- Kaplan, 1978a b} are other poss:.ble causes for tbe slow reactlcm

‘ Recently, several mvz\astlgators (Mason 1977a, Blggs, Boland et al al.,

T ,l979° Moller Pederson, 1981) have measured the bmdmg cénstants of ATM o

e and human serum album.n (HSA) WJ.dely dlvergent results were reported

of buximg s:Ltes Q'xe class w1th a smgle bJ.ndmg s:.te has a hJ.gh
»aff:m.ty for gold. 'I‘he mtrms:.c assoc:.at:.on constant was reported as, |
©6.1x10°M ! (Masom, 1977a), 1. 75x108WL (BJ.ggs, Boland et al., 1979),
- .'and 3, 0x104M L oller Ederscn 1981). {'Ihe second class, consisting
| lofoneormrebmdmgs1tes, vasreportedtohavealowe.raffmlty for
‘gold with intrinsic association constants of 2. 35xlOZM "L (asn, 1977a)
-or in the order of 1o3r4 1 (Moller Pederson, 1981). The heterogeneity
‘_ofsenmalbtmmmvrvowasprobablynottakenmtoacco\mtmthese

' J.nvestlgatlcns and probably accounts for the dlscrepancz.es (Danpure

| 1976a npure & Fyfe, 1976)
3. TISSE DISTRIBUTTON s

| mmmmmMotmrgoldcamnﬂsbmeecum . “
".A(Block Buctman&l’-‘reyberg 1941; 1942; 1944; Bertrarxi Wa:l.ne& ‘
© robias, 1948; Jettrey, Frmmdlld'l&BaJ.ley 1953 Ganz&an:er, 1958;
] 'Swartz,ChrJ.stJ.an&Andrw 1960; 'Iuma,meckeretal.,lgsa- -

i 1

- and the c:nly pomt of agreement was that tbere were at least two classes -



;’f_'suveme:g _Kidd et al., 1970 _Kantor,_Harley et al. 1971,—Gott11eb

ot

| ‘m:leen s Dykes 1969; S\Jgawa-Katayana Roishi & Danbara, 1975),
in RA patlents reoe:.ving standard chzysotherapy (Iawrence, 1961; ‘ |

' ,"snn-_h & Smith, l972a, Grahame, BlllJ.ngs et al., 1974 xamel Brown
et al., 1976a Venm-lbberts Dore et al., 1976), tJ.ssue dJ.str:LbutJ.m |
. stud:Les have shom that the hJ.ghest concentratlons of. gold are, found

"mt-heorgans omtammgretlmloerxiotbehal cellssuchasthelu.dney o

Liver, spleen, bone marrow, adrenals and lymph nodes. Small amownts of -

| :'»:gold also have been detected in the heart, lungs, brain tJ.ssue (Jeffrey,

. Fremd.uch & Balley, 1958 xamel Brom et al., 1978b) muﬁcle (Grahame
Blllmgs et al., 1974), synovia (Freyberg Block & Levey, 1941;

-_Bertrand WaJ.ne & 'Ibblas 1948 Imrence, 1961 Gottl:.eb, Sm.th & Sm.th, "

 ‘:3 1972a, Gerber Panlusetal., 1972a, Grahaue B:Lll:.ngsetal., 1974)
Afterprolmgedchrysotrerapy skmcontamscmsidexablemmtsof
gold (Freyberg Block &Weus 11942; Bogg, 1958 Oox&Manch, 1973;
Gottlieb, Sm.thetal., 1974b Jeffr]ey, Blggsetal., 1975 Penneys
_"Kraner&GottlJ.eb 1975) 'n'xesestud:l.esallnxdlcateﬂzatgoldls
w:.delydlstnhztedmthebody Wlmgoldwasadtmmsteredorallyas
B "tnethylphosp!une gold chlonde or auranofz.n, dlfferent tlssue dlstr:.bu
-AtJ.cnswe.reobserved Stamdlgoldlevelsvereveryhlghmtednately -
afteradm:ustratlmoftheoralgoldanpamdshm&egoldaxmmjca |
. tlmsmthekldney hverandspleenwexeexcepta.axallylow,evmafte.r-i"
.7days (Walz D1Mart1noeta1.,1972 1976) ﬁmeres\ntssuggest |

thatﬂ:etlssuecamrtratnmsarecmtrolledbytherateof

: gastxomt@tmalabsorpumandmtbytmrateofrmalehmmaumf"
o asmthecaseofthemjectédsolublegoldcmpomds (Rame, Brom L
etal.,1978b) B



 The k.xdney contamed the.h:l.ghest ccncantratlams of gold as early

LC

."‘-'V:Beaver&l\bses,1966) s'nallanumtsofgoldwerefqmdmthe
' "7~eplthe11alcellsofthediéalt:Mes (Nag:. Alacander&Barabas, 1971-:;"
“'v-f'-'VenmRaberts,Doreetal.,1976)evenlto4yrs afterthelast |

as48ln1rsaftertheadmmstrat1mofAm(Shama&McQ\nen 1980),

’ »butna:nnalcaaoentratlaxsmsubcellu]arorganelleswerefamimly
: after a cms:.derable tune (>1 nmth) (Masm, Sharma & McQueen, 1981)
'Deposa.ts of gold were seen oocasaulally.m the eplthel:.al cells of the

glmerul:. (Brun, Olsen et al., 1964 Strunk & Z:Lff, 1968 1970°

‘S:leed:erg Kldd et al., 1970), part:.cularly durmg the f:l.rst 2 days
‘(Ya.rcm, Ste.m et al., 1975a) J.nd:l.catmg mment of gold through the

,caplllarynerbranes l-bwever,mstgolddepomtsmredetectedmthe

3 '.‘eplthellal cells of the proximal tubules (Stuve & Galle, 1970 Nagl,

: Alexander & Barabas, 1971- Yartm, Ste.m et a.l., l975a b) w1th.1n hours of

the adm.nistratlm of g)ld salts (Brun, Olsen et al., 1964 Ganote, .
Beave.r & Moses 1966) whatever the route of adnmlstratlm (Yarcm, L
SteJ.n et al.,,l975a) . The hJ.gh caxccmtratmns of gold in the prcnu.mal
_'.mbtﬂarceliswerecorrelatedmﬂmthermalcleaxance ofgold (Im:'ber
':‘“Atkms et al., 1969; Remel, Brown et al., 1978b) supportmg the suggest:l.on
-7.thattheaccv.nulat1mvasduetoahlgl'x lunmal conoentratlm (Ganote

‘mjecum (Brun, Olsen et al., 1964) uxi:.catmg very slow nnb:.llzatlcm LU

..ofgold&unthekldney Aftertheadmuustrat:.mofA'M,goldwas
"-fpresentmmstofthesubcenularorganeues (Shanna&m;een 1979) i
andmthecytoplamofrenalcortexcells (Thatpsm Blaszaketal.,
| :_1978) Houever, thegold:.n thenuclear fractlmwassl'mmlatertobe




o anart:.factofthefract:matmprocedure result:.ngf::ungold—
cmta.mmg lysosanes aurosanes" (Qmad:.ally, Thampson . & Lalonde( 1977),

.'mld:pelletedmththenuc]elbecauseofﬂ\eugreaternassmﬁdmslty
g(!\bgllnlcka& J.otrowskl, 1979; Shaw, 'n-mpsmetal.,l%l) ‘When
'sllceswereexammedbyenergydlspersxvex-ray'

analys:Ls (Qxad:.ally, 1979) and electxon mlcroscopy (Shaw 1981), gold
' .k depos:.ts,were not observed in’ the nucleJ.. The assoc:.ata.on of gold w1th .
nuclearnedaranesmsuggestedbyuxduectevﬁencecmlyfrrmmntm .

Lo vstudles (Vernm R:berts Jessop & Dore, 1973 Shaw 1981) Elect.ron

'maoscopyamdelectxmprobeemmnatlmshaveshomthatgoldls

: present in the nutocha'xdna of renal cells (Stuve & Galle, 1970 Nag:L,

Alexander&Barabas, 1971- Yamn, SteJ.n et al.,- 1975b) 'Ihlscouldbe_
’aneffectofthecarrmrllgandcnatransportsystenmtothemto-
'duxdnaasmbehevedlsthecasemthsodlmaumtluopxopanol—,

".sulptmate, Allochrym.néE (Stuve K Galle, 1970) or 1t could be Gue to R

§ ﬁhe ancmalous behaw.or of auroscnes (Shaw, 1981) Ind.u:ect ev1denoe
‘ .‘suggests the J.m:eractlon of gold omplexaes W1th the mltochonirla J.n
' vanous tJ.ssues (Block & Knapp 1945 Wlutehouse, 1964 Whltehouse &

Bostrun, 1965 Abou-KhalJ.l Yum.s & Abou- . 1981) Gold depos:l.ts . B |

| have also been found  in the lysoscmes of kJ.dney cells (Ganort:e, Beaver &;j{_ e
= Moses 1966 Strunk & 7iff, 1970; Yarun, Ste:l.n et al., 1975b) and gold ST
' may act to stab:.hze the menbranes or- mhiblt varlous lysdscmal enzyrres o

B .'.'.A"(Persellm & Ziff, 1966; Em'u.s, Granda & Posner, 1968 Davies, Lloyd &
| :'_Beck 1971;" Vernon- , Jessop & Dore, 1973) necently substant:.al k
_‘;anounts of goldhavebeen found in the cytoplasnof renal cortexcells
- after the achunlstratlm of gold chlon.de (ng:l.lm.cka & Pwtrowslu

‘_1977‘ 1979; Thmpsm Blaszaketal., 1978), A'm (Thcnpson Blaszak B
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et al., 1978; Sha.rma & M:Q.:een 1980; Schmitz, Minkel et al., 1980),
) A’m (Thmpsm Blaszak et al., 1978) and tnethylpl'nsplune gold chlorlde
-'('I‘ha!psax Blaszak et a.l., 1978) At least 4 forms of - gold were : |

| resolved by fractlonation (usmg ge;l—penteatlm chrunatography. :

were hlgh molecular we1ght (h. m.w.) gold-b.md.mg fractlons

(M3 > 100, 000 daltons) " one eluted w1th an apparent molecular wm.ght R
‘of 10-12, ooo daltons and resembled metallothJ.one;Ln om), and the last,

was a l m.w. mn—protem spec1es ('I‘hanpsm, Blaszak et al 1978) T,hls‘ -

L ‘was thought at fJ.rst to be a gold—glutathlone oanplex because

glutathlone was most abundant in- the cells (nge, Prenakuma.r &
: 'Rajagopalan, 1975) but it has s:.ncfe been 1dent1f1ed as L-cystemato—

L 'gold(I) (Shaw, 1979) The relat:l.ve amounts of the 4 forms of gold have "

‘ " been shown ©w depend on ‘the extent of kldney aocmmlatlon and not on the
dJ.fferences among the gold ccmpounds (Shaw, 1979) Also 1t was f : g S
| dermstrated th'—.tt the gold in the cytosol was m lablle eqtnl:.bﬂmn

w1th protem and non-prote:m blndlng 51tes. At low kJ.dney gold

v,conoentratlms, e.q. w1th trlethylphosp}u.ne gold chlonde, appmmnately:'.

. iequalannmtsofgoldweremeasuredmthehmw.andbﬂ‘peaks “Vhen
-h:Lgher doses were ad:mm.stered gold was found in the l.m.w. non—prote:.n
fract.um (Shaw, 'Ihmpson et al., 1981) A s:um.lar pattern was ST '

"."_-reproducedmmtmbyvaxymgﬂmeazwentratmofAWmﬂ)ecytosol »

'. " ‘(Thompson, Blaszak et al., 1978) At very high ccnoentratlms, the h. MW '. ;
»fractlmsbecanesawratedmmasubseqmntmcreasemthebmdnngof B

'Afgold to’ Mr and the l.m.w. @n Add:.tlm of cyste:me or: glutathlone
o ‘”to the cytoml caused a redlstnbut:m of goldfran the h.m.w protems
to the l.m.w. nm_-pmte:.n fract:.cn wlthout s:Lgm.fJ.cantly altenng MI‘-

L'ound\gold _('nutpscn Blaszaketal., 1978) | 'Ihesefmdzngssug:o:;tthe

"', ‘e,‘ A



¥
_ concept of dynam:.c cheru.cal equlllhrlum between gold and cytosollc
protems Of the 4 cytosollc fract:.ons, MI‘, ‘the 10—12 000 dalton

. Specles has recelved the most attent.lon._ This 'pmteJ.n whlch has an‘

musually hJ.gh cysteJ.ne content (Kagl, Hmmelhoch et al. al., 1974 Kagl, )
K031maetal ’ 1980) canbemducedmwvomthekldneyandhverof K
.man (PulJ.do Kagl & VaJ.lee, 1966 Buhler & Kagl, 1974) and other am.mals

(Webb 1972;. Weser, Donay & Rupp 1973 Kagl, KOJ:Lma et al., 1980), and

w cell cultures (Rugstad & Norseth 1975 Quosaka & Cherlan, 1981) .
&

’ A'after exposure to certa:l.n metals such as cadrm.mn (Nordberg P;Lscator &
LJ.nd, 1971 Webb 0J.972 Wlnge & Rajagopalan, 1972 Weser, Donay &
‘Rupp, 1973; Plotrowskl Trojanowska et al., 1974; Winge, Premakumar &
,Ra]agopalan, 1974; 1978), mexcury (Webb, 1972; PJ.O*tJ:WSkJ.,,MJMOWSkﬁ
ot aJ. al. 1974; nge, Premakumar & Rajagopalan, 1974; 1978), silver ’.
(nge, Pnarakmnar & Rajagopalan, 1974 1978), blsnuth (PJ.otrowskJ. & .
“Szymanska 1976, Szymanska Nbgﬂmcka & Kaszper, 1977), and zine
(Webb 1972 ‘Winge, Prenahxnar s Rajagopalan 1974 c:nenan, 1977)
Var:.ous stressful cond:.tlms such as starvatlon (Bremne.r & Dav1es, 1975),
_ 'cold exposure, strem:ous exerclse, oc14 mtcuucat:x.m( (Oh Deagan et al.,
 1978), and mflanmatlm (SobOCmSkl Canterbury et al., 1978) ‘also
we.re slx:uwn to mduce the Synthe515 of zmc-th:.onem These fmdmgs
: have suggested the mvolvexmt of MI' J.n the haneostat:.c regulatmn of
‘ fff'zmc metapolism.. Other functmns suggested for ur include heavy netal
detcch.fmatJ.m and po:l.sau.ng~prqhy1a:us (Kmura, Otalu et al., 1974- :
Webb 1975; Cbe.nan & Goyer, 1978). Pretreatnmt of animals with low _
"dosesofcndmunprevaxtedsmeofﬂmetmaceffectsofalaterhlgier

cbse (Nordbe.rg P:Lscator & LJ.nd, 1971). mtal storage (Chenan, 1977),

andtransport (Weser mppeta.l., 1973) alsohavebeen sugqestedas B



‘ funct:.ons .of MI‘
- The poss:.blllty of a gold—MI‘ catplex has been lnvestlgated only
in the.,last 5 to 6 yrs. Gold chlorlde was. shown to elevate the amount -

of,a Ml‘-liké protem m rat kidney (Nbgllm.cka & Plotrowskl, .1977; 1979) ’

and. rat liver cytosol (W:Lnge, Prenakumar &' . 1978) . 'Gold(IIT)

LJ.benson 1945), thus, a non-spec1f1c

> J.nvolved (Shaw, 1979; 1981) as haséen S CIFrT- Zinc-thjcnein
(Bramer & Dav1es, 1975, Oh Deaga; et al 197 ,,‘QSobocmskJ., Cante.rbury
et al 1978) However, studJ.es w1th gold(I) drugs’ (A'.IM A’IG, o
trlethylphosphme gold chlonde) , also observed a 10 000 mlecular weJ.ght
gold—bmdmg prote:Ln in kidney ('Ihcnpson Blaszak et al., 1978) and |
: lJ.ver cytosol (Lawsm, Danpure & Fyfe, 1977, Sharma & Nk:Queen 1980, }
* Schmi M:Lnkeletal., 1980). Altknughaﬂyasmallannmtofwtal _'f
: ‘gold (15-20%) was bound to thJ.s protem (Thatpsm Blaszak et ali, 1978)

possmly J.nd.'l.catmg a low sPec1f1c1ty for gold (Scl'nu.tz Mmkel et al. al.,.

lQO) , it was J.dem:J.fJ.ed as 1@ because of 1ts dlstmct:l.ve propertles. ’

a 'Ihese J.ncluded 1ts emceptlmally hJ.gh cyste:.ne content account:mg for L

alxntBO%ofthetotalammoacﬁresldues, 1tsah1.11tytomcorporate
7-8 mle of netal (gold cadmlun, zmc, copper) per mole, of protem
n:s relatlve mlecularvel.ght (Kag:L H.mne]lnchetal., 1974 Ragi, “
Kogma et. al.,’ 1980), and its heat stabll:n.ty (vebb, 1972 Shaum & o
Sna.th 1976- C:he:nan 1977). The react:.cn of Am w1th purified MI‘ frcm
;mrsekldneydemmstratedmaublgumslythatgoldvasbomﬂtothls ‘
probe:.n formmg a. gold-thmm calplex (Schm.tz M:nkel et al 1980-
Shaw, 1981) Gold(I)-MI‘ was presa:t in the kldney and : cytosol
wlthmone-halflm:roftheadm.xustratlmofm (Stmﬁm&m
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1

: 1980) suggestmg that gold 1s moorporated mto fox:med Mr. Turkall
et &, (1977) also reported bJ.nd.mg of gold to presynthes:Lzed MI' but
prolonged treat:tent ‘of mice w:Lth Am alone dJ.d not. a.nduoe synthes:.s of o

L -:gold (Shaw 1981)

a bﬂ‘—llke probem Thus™ 1t 1s melea.r whethe.r gold(I) .‘LS capable of -_" . |

' st::.mulat.mg Mr synthes:.s The obsewatlon of the bJ.ndmg of gold to

MI' partlcularlym thekldne | suggests thatMTsmayhave a role m _
'the sequestratlon and locallzatlm of gold It 1s possxble that -

| _protect.lon agalnst gold toouc:.ty mlght be oonferred by pretreatment

| w1th low doses of gold and/or other MI‘-mducmg agents such as z:.nc
Shanna & McQueen 1981) Th:Ls would acoount for the lower .

. mc:.dence of gold tox:.c1ty both in patlents rece:w:.ng low doses of gold
'and in patJ.ents recelv:Lng 01ly suspensmns of gold salts as opposed to
nore rapldly absorbed aquem:s solutlons (Lam:erwe, 1976) Another '
possmllltythathasbeensuggestedlsthatgoldactsbymterfermg ’ |
'_lw1th zmc-and-oopper—netabollsn (SchmJ.tz, Mmkel et al 1980 Mason

:_-Shanna&bboueen 1981) 'Borthcopperandzmchavebeenmpllcatedm

theetlologyofRAandmybemvolvedlnthemechhmsnofactlmof

\
N

B b LIVER o
_ W:Lthln24hr oftheadnumstrat:mofAm,goldwasdetectable
"mthehver However, t}emmtmslulessthanmkldneytlssm

- (Sha.rma 5 McQJeen 1980) The Kupffer cells preferent:ally aocumulated R

G gold (Yarcm, Ste.m et al. al., V1975b* Venm-fd:erts Dore et al N*1976)

.-b‘-"t the I’EPatOCY'f beczuse of 'che:_r nmbers contall’ed ngst of the T
| total 901d (Petmeys LbCreary & Gottlleb 1976) ‘Suboe o

‘_dlstnhrugnstudlesmrathversmwedgoldpresentmmecytosol

.



(Penneys ‘rear & Gottl:.eb 1976 Iawson, Danpure & fyfe, 1977~

g Mason, McQJeen & , 1977 'Iurkall B:Lanch:Lne & Ierber 1977}

E Schnu.tz, Mmkel ’ al 1980 Shanna & McQtnen 1980) v lysosanes

- (Dawes, Lloyd & Beck 1971 Penneys, Nk:Crea.zy & Gottlleb 1976
Lawson, Danpure & Fyfe, 1977), rmclel (Penneys, McCreary & Gottlleb,
o :‘1976 Mason, Momem & Shanna 1977), and mtochpndna (Pemeys, R
o mc:aeary & Gottlleb 1976 Abou-Khal:.l Ylmls & Abou-Khalll 1981) o
" Mason et al., (1977) ‘and Lawson et al., (19’77) noted a hlgh L
h""'conca-xtratlm of gold in the cytosol at fJ.rSt thJ.s rap:.dly declmed

o "w1th an mcrease in. gold m the lysosanai?fractlm. g It\has been -

" suggested that thJ.s m:.ght account for the delayed therapeutlc effect

}"1of the varlous gold ccmpmznds used m the treat!mt of RA (Penneys, @ .
- Moc:eary & Gottlleb 11976;. Lawson, Danpure & Fyfe, 1977) ‘The gold Ea

1

famimboththenucleararﬁmltochcmdrlalfractlonsof llver, as in
v'k.l.dney J.sbellevedtobe J.nthe formof aurosares (I.awsm, Danpure &

e 'fyfe, 1979) Gel—pe.nneatlm chranatography of the llve.r cytosol showed |
that gold was assoc:.ate%mth 3 or 4 spec1es smular to those found in - ,
: kJ.dney cytosol (Lawson, Danpure & Eyfe, 1977) - It has been establlsted o
| -"}r._‘v.that the l.m.w.. gold—bmdmg pmte.m present ;Ln lJ.ver cytosol is MI‘

»‘ (Sharna & M:Qleen 1979; Schm:.tz, Minkel ‘et al.,\1980) Because gold
V'hasastrmgprefemuceforalmearz-coordnmtegeanetry lthasmen

. .postulated that the gold ands 0 a s:.ngle sulphydrylgmzp of MI‘ w;Lth v_
re. lJ.kely,chat 1t J.s o

retem-_xm of the t'hlanalate carner hgand
d:elatedbytvbsulphydxylresﬂuesmbﬂ‘mthlossoftheﬂumalate

.l‘ .

@nmety (Scl'nu.tz M.mkel et al 1980)
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areas (Bertrand, WaJ.ne & 'Ibblas, 1948 Jeffrey, Freunle.ch & Balley,

‘1958) ' mvestlgators exammed the jOlntS and synov:La of gold—treated
) am.mals ('Ibnnam Brecker et al., 1963 Norton & Ziff,. l966 Norton, I.ems
k».‘& Zlff 1968), and RA pa\uents on chrysothorapy (Inoune, 1968 Gottlleb
| Sm.th & Sm.th l972a, Grahame B:Lll:mgs et al 1974) After ._ S | T
R adn&mstrat:.cm of A'IM or other gold cmpomds more gold was found in '
:J.nflamed than unaffected jOlntS (Lawrence, 1961 Kantor, BlShkO et al. al., .

19703 Sa:.ranen & Vahatalo, 1973 Vernon—Roberts, Dore et al., 1976) . ¥

ThlS could result frcm the mcreased' o oed. flow to the J.nflamed joz_nts.
, o

' :' ;Gold dlffused rapldly J.nto the synm?ifall\fluld and. a steady state

) equ:.l:.brmm was' estabhshed w1th1n a few hours between gold :Ln serum

Lvand synov:Lal flu;ud (Freyberg Block & I_evey, 1941 Gerber Paulus

j.'.et al., 1972a, Grahame B:Llllngs et al., 1974) In same reports, the

gold oonoentratlons were the same

wsynov1al flmd and serum - -
S

.' (Freyberg Block & Levey, 1941) but in mst, synov:.al oonoentratlons were R

_'50 o' 60% of those in’ Serum” (sm.th ‘Peak et al., 1958; Lawrence, 1961- =

v v"'j1972a) S}Z rnm na]-—flu:d gold concentratlcns were lower durlng aura.nof:.n .

. SlJ.w:Lns]u 1968 Kantor, Harley et al., l97l Gerber Paulus et al., L

d_ .

o treat:lent than durJ.ng parenteral ch.rysotherapy (Thanas & Ghadlally, 19'77) ,\,x.
. After convent_lonal chrysotherapy less gold was. found in the jOlntS than . r; i *
'mtheret:n.culoendothellalsystem mtﬂmsyrnnalflmdandwgl ’ .

B conta.l.ned more gold than cther arl:.cular tlssue (Gottlleb, Smith & . - -’ » T_E

o »sm:h, 1972a‘* Graha:e B:LllJ.ngs et al., 1974) Gold depos:.ts were

’

“ 1dent_1f1ed m"’the ysosanes of type A syrmel llnlng oells and the
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: _subsyrmlal macroghages by electrm mlc:roscopy and electrm probe x—ray .

analy515 ('Ibrma,.Brecke.r et al 1963 G‘hadlally & Ray 1967; Norton

v -

-I.ew:Ls & Ziff, 1968 Inoune, 1968 Ghadlallv, Orysahak & Mitchell, 1976;
Oryschak & Cbadlally, l976a b Nakam.ira & Igarashl 1977) s The gold— . ' M‘.
’ .‘conta.mmg lysosanes (aumscmes) had: a c:haracterlstlc appearance L | :
(Ghadlally, Thanas & Lalonde 1977) that was Lmapfected by the gold
ccxrmmd used ATM A’IG ATS) (Ghadlally, 'I‘hcmas &..Lalcnde 1977),

rotrte of admm:_stratlon (Jm, 1a) (Oryschak & G:ad:n.ally, 1976a b) ;

Site of locallzatlm e. g synovral manbrane krdney, llve.r, or. skm

. (Yarun, Stem et al., 1975b Lawson Danpure & F‘yfe, 977 Ghadlally,

'.\v

DeCoteauwebal., 1978), and spec1es (rat, rabb:.t, ma,n) (Ghach.ally, 1979)% . )
) "Trlethylpmsphlne gold chlorlde po mduced aurosanes smu.lar to. those : -

J.ndumd by other soluble gold cxnpounds (Thanas & Ghadlally, 1977)
Hov&ever mtra—artlcular mjectlons of c:ollomal gold mduoed aurosanes

‘

dof d:Lfferent rrorphology than those seen after soluble gold ccnpounds?
(Yarcm, Hall et al., 1973) G‘ladla.lly et ah (1976) suggested that“' o

el

, ’:"""'fgold ente.red pre—e:asting lysosares Bes:Ldes gold sulphur and- " o

.*.3",:“ 'phosphorus we_re e ,‘ C m the lysoscmas us:Lng energy dJ.spe.r51ve x-ray ;
. .
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that the beneﬁlc.Lal therapeut.lc effects of gold salts may be medlated K P

through am:" actio:n on macrophages 'Ihere ‘is ev%denoe that gold salts

the-activit of ~1yso s*of ‘macropha es—— .
ks / y y m enzyme crop g | -
m;xmsss Paltenaa, 1968), bB,t al
vity (Ve.rnon—Roberts "?
i ;ﬂ"' .

Usmg I\m-\,,’fﬂraoe #a:roupts of gole

DI &.—A\4

@ - o 5
3—3]:3 ueeks ojv shrysotherapy, gold concentratlon J.ncreased“ 2-5x :

»

(Gottlleb 1977) ' Freyberg et al (1942) reported that weekly doses B

f

| of 10 to 1oo mg of various gold ccmpoxmds produced sk.m gold levels of
| 0«-40 ug/g- Lawrence (1961) and. Got{:llesi, Smith and Snuth (1972a)
reported s.unllar levels in patlents recelx;‘;xg apl :ox_unately the sam:a
total doses of gold v A corn:lat::.on betwén sk_m gold oonoentr.%tlon and |
s total go];d dose was observed desplte varlatlons annng patlents (Penneys,, 'f. 3
 Keaner & Gottlleb, 1975) Pat.lents an lcng—term chrysotherapy had hlgh ~
Jskm gold levels 'ranglng frcm 20—80 pg/g a%:er a cmmm.atlve totale'dose “

of : 3<6 g of gold (Gottlleb, 1977) o Patlents mth c:hrysms:.s had even
* A

bhlgher skln gold J,evels (50-140 ug/g) but ; -'y had reoelved

_ more : gold (Jeffery B:ngs et al., 1975) Gold was fommd"»ln the skm of

.‘ ;ib patlents w1ﬂ1 and w1,thout dennatlt'ls (Lawrenoe, 1961) Blopﬁles of skJ.n
les:.onsand nonnal skmfranthesamepatlentcmtamedmmlaranomts-,'
. of gold (Gottl_le.b eny;h % a1, “19741:) ,,In Izaft 'studles no, relatlonshlp e

,was fmxxi between slg.n reactlons and gold ocntent exoept. for chrys:.asxs

& .

g%effery, B:.ggs et al., 1975) & Stud.les of skm us:Lng ‘a ‘suction bl:Lster

techrrx.gm showed that gold was la;gely conf:.red to the dermls (Penneys,
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Kramer & Gottlleb 1975) Us:Lng a lase.r mcroprobe electron—dense

W

partlcles contammg gold were detected in the lysoscmes (i.e. auxosares,

t
.

——Ghadially,- DeGoteau et-al., %978 for —578)of -dermal- cens—~<Cox oy —1973)

The fJ.nd.mg of low gold levels in the eplderm.ls (Penneys, Kramer & g

| Gottlieb, 1975) supports previous f:mdmgs (Gottlleb Smith et al., |

-1974b) that kerat.mous tissues héve l:Lttle afflnlty for gold ThJ.S 15,, ‘
mcontrastto&avymetalssuchas leadandarsenlcwhlchaccmmlatem ‘r_
keratmoustlssuesandreflectacmratelythetotalbodyburden R
(Gottlleb Smith et al., 1974b) Gold was detected in the skJ.n of same |

. pat.xents as late as 20 yrs. afte.r the dlsccmt@uatlcm of: chrysotherapy

‘(Cox & Merlch 1973) md:Lcat:.ng very slow nobll.lzatlon of gold

v
.

T SR A
o i ".sv“n_ . :5" ) s ' T I
. A |

Inpost—norben specm‘ens fmnapatlent w:.thRAwhohadreceJ.veda%i% o

'total of 5 g of AIG, ve.ry low cx:ncentratmms of gold we:ce present J.n the R

_ha_Lr s ug/g) and na.Lls @ ug/g)"(GottlJ.eb, Smith & Smth 1972a). n . % :

-

anothe.rstudybyGottlleb (1974b) sllghtmcreaSesmbothhaJ.Landnaé‘l |

\ .
‘-goldccxwentratlmsveneobserveddurmgchrysotherapy 'I‘heseresults -
_l'mever were mconsxstent and it was ooncluded that they were"of llttle "

.

value‘?in assessmg total body gold m J.nd1v1dual patlents. In a study

> ‘\‘

mvolv%ng cluysms.ms patlents (Jeffery, B:ngs et. al. al., 1975) pr _
oons:.de.rably more gold was neasured :Ln na:Lls d—4 ug/g) than in haLr
(o 2-0 7 ug/g) contrary to the results of Gotth.eb (l972a) but in |

-agreemexxt w:LththefJ.miJ.ngs ofKameletal., (l976a) ‘ S:anemst
¢

_studleshavemvolvedczﬂysrmllgmxf:s mrepat.l.a'xtsneedbobestudled
l:tocauflmﬂ'eseresults.,It.lsgeneranyaCOeptedﬂnt}m:andnalls

‘%
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conta.m low levels of gold because of "the low affmlty of ke.ratmous

tissues for gold (Gottlleb, Sm.th et al., 1974b Penneys, Kramer &

—;M1&-~1975)——~M1A—m3 of gold have also been- found—m—the

crystalline lens of the. ei (Hashlmoto Maeda et al., 1972 Gottlleb &

o - Major, 1978) This to be dose dependent develop:ng -in “i:}@'
-‘;. ..6 . « N
£ apgrpx:mately 40% of patlents reoelvmg more than 1500 mg of ATM. How— ;
JF,, - i#i;‘!iioes. not cause visual dlsmmbanOesgnd ‘QLsappears when | :
i -~ e Y’ "‘;1
LU R 2
IR flrst ‘metabollsn" stud1es (Block Buchanan & Freyberg" 1941- . @,f
. | R \3 =
E 1942 1944 Freyberg Block & Wells, 1942) were actually dlst.rlbutlon SR i‘l-

"~stud.1es because avallable methods were cmly capable of detect.mg gold
anqmt‘thecrmucalcammdsmthwhlchltmghtbeombmed ‘oaly

Sad VY - 'a

e reoently has the actual n‘etabollsm or blotransfom\a‘lum of gold ocmpomds
B been mvestlgated Danpure and ooworkers damstrated that’ Am bound

L \Fs:f/

to l.m.w. ‘thiols (cysteme) and dlsuipludes (cystme) J.n v:Ltro '\ »

(Danpure 1976b; - Danpure & Iawsm, 1977) and suggested that s:.mllar but
A'?,‘pzobablymremrplex,reactamswuﬂdoommmthebodybecmmeoftre _‘*_'
mm.arous SH-oontaJ.nJ.ng prctems Emda'tce suf:portmg tlu.s suggest;m .-};’.f,

[T

wasprov:ldedbylsabandSadlerr (1976). Nurstud:l.es showed thepresence e

ofmnaedthzols in slavexchangereacumswlth\cysteué-’ glutamaxe ‘ C
.and other SH—omtaJm.ng ocnpounds w1th the release of same- of the bomd : S
':thlmalabe. Stud.1es w1th lgSAu-uC—th:Lmalate also datu'xstrated that & o




._‘__:_AIIDlety,_Wh.'LCh_lS w:.dely d:Lstr.Lbuted throughout—the body,—has—onl
| ‘recentlybeenlsolatedfmnurlneasapmtembmmdar:dalmw.fonn

'  1thassmce\beensuggestedthatgoldlsreleasedbackmtotheblood

57

N

A : . ‘-p' I R
mna.med:.nthebody espec:.allythekldrwyandllver,w:.ththebalance' ‘

excreted in the urine (Jellum, Munthe et al., 1979 1980_). . 'Ihe gold >

- . . .
. . L wa

(Schaeffer, Shaw et al., 1980) The pmtem-bomd for:m has been

/

| .fldentlfled as albunu.n but the Lm.w. ccmplex has not vet, ‘@ *teentlfled
‘ .It could be several substances mcludmg Atl'.M or gold-sulpl'm.r carplemes |

a

"‘fomedbyreacumswlthendogenousthlols, e.g. aurocyste:.ﬁe or ‘/" e

_._dqroglutathlme (Danpure l976b) Further mrk is in progress to . " o o
ldlmtlfy thJ.s/these ur:.nary gold metabolltes. In other stud:.es, a’ | U

J

s

._.--Awivzgi&“f Llimw.. gold-carplex was detected in serum (Ward Danpure &

Fyfe, 1977 Franco:Ls, Goldberg et al., 1978 Danpure Fyfe & Gunpel
' 1979), , and in the cytomasm of bcm kidney - (Thatpscm, Blaszak et al., "
1978) and llver cells (Lawson, Danpure & Fyfe, 1977) 'I‘he senm—-gold ’ '

o C
catplex was at fJ.rst bel:Leved to be "free" gold or unchanged A'JM, but

frant:.ssuesmtbeformofalmw.-tluolsuchasaurocystemeorgold—

$ glutathlone (Danpure 1‘9”77)' énd that tl):.s/the5e metabol.Lta may t.hen

,

,;ixg aftertt'nemject.lmofvanmsgoldcmpcuxis Oms:.derablevanat.\.&?
,’4 .

befJ.lteredbythekJ.dneyand

(Hartung Ootter & Gamm 94L, Preyberg B.Lock e’t al., 1941 I942)

; Py ,..~
> Wl s

uasobserved hxtum:allymgolduase:u:retedmurmthanmfeces

e
£y

<

e
(Gorttlleb 1977).0 Peak unnary excret:m occurred wlthmk,;Mvhrs of the

9
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dosevasexcretedmthesecmdweek n%mthethudweekandlok" L

admm:.stratmofgoldanddeclinedoverﬂaenextweek (Freyberg

‘Block et al., 1941; 1942; Bertrand Wa:me & mmas 1948; Smth, Peak
et ‘al., . 1958' Lmrrence 1961,_Sllm.nsk14_2va1fler_&_mb1n,_1966

Mascare_nhas Granda&Freyberg 1972; Harth 1974 Le.roy Bureau
eta‘i.,1978) Bycmtrastfecalgoldexcmumreachedanmmmm
mesecmdoruuxdday (Mascarenhas Granda&Freybe.rg 1972) Fecal
gold cmtent was vanable and was affect:ed by vanatlcms in mtest.mal :
trans:l.t t.me, bowel hablts, frequmcy of el;um.nat:m and stool mgss :
(Rencher&Beele_r 1969).. Dzrmgthef:.rstweeksofcommtlaxal | ,_
darysoﬂmapyapprmumtelylssofumeadnunlstereddosemsameted""
mﬂ'aeurme (Freyberg Block&levey 1941 sm:h, Peaketalw, 1958-"

Lawrence 1961) }bwever at steady state, 35-50% of the achum.stered" o L

dosewase:a:retedperweek (Iorber, Atkmsetalg, 1969' 1973- :
&mth&&m.th, 1972b,Mas¢2.raxhas Granda&f‘reybexg 1‘972 Gerb’eﬁ’

- Paulus. et al 1972b) two-thuds of tlus bemg in the urine. Lcng term y

net%boucsmmesofasmgledosemveaieduailssofue

y’ -'

thefazrﬂmweekfollmng m_ject.tm (Gott.h.eb Sm.thsamth l972b)-;:

e

"meseresultswe.recmﬁ.medby!hsarmhasetal., (1972)uhoreported

thatpat:mtsmnqmtalancetheragymetedmavemgeofﬂ%ofan '
‘a weeklyorevaxmanmthlyd:sagesdaedule e)ﬂgx:etlmofsxall

mmtsxo{goldmtheurmeanifec&shasbemrepbrtedtocmtmue -',:-’  ,‘

fornmﬂmsafterthelastgoldmjectim (Preyberg Block&Ievey 1941)

'Ihe ret:entlm of gold :Ln, and 1ts slow en:ret.xm frun the hcdy has beal

su;gestedasthereasmfordelayedtmnmtymsmepatlents
'memportanceoffecajle:a:rem.mofgoldhasbeenxecngruzedmly

AR
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) fecal exc:retlm accou: cs for 30% of total gold excreted,_qcntrary to

. recently. Seve.ral J.nvestlgators (Gottlleb, Smith & Smth, 1972b-
s Mascarenhas, Granda & Freyberg 1972 Harth 1974) have shown that '_

) ~-b111ary t—tulne dramage u.na::.cated that less t'han 50% of the fecal éold

tIawrence, 1961) , It has been demstrated that bJ.l:Lary secret:.on 1s

- mvol\)edmtheelmunatlonofheavymetalssmhasmercury (Norseth& L
v Clarkscn 1971 Cher:.an &Vostal, 1973) , lead (Klaassen &: Shoenar; 1974)..; -
cadm.mf‘ (CJJcrt & Tlchy, %74) ’ and platmum (Casper Kelsen et al 'i979)
m the feces 'Ihls nay be tl';e nﬁchamsm by wh:n.ch gold ente;s"the

- .qlne fmm b:.le (Kapelmtz, Nelpeet al., 1964) R el

: earl:.er reports suggestmg that only small J.nsn.gm.flcant" altnmts of

' Block & Ievey, 1941

.3

’:w _.h . A ,3’”

it ~a'pat1e:wwmth |
. P

oo
m S o

" "Ebllavmg-;the admm.strat:x.m of auranof:.n, 95% of the gold was

VW_@mtedmthefecesmthmlyS%elmmatedmtheurme (Gottlleb

L 1979b) 'mese fmdn;gs a::e cmslderably dlfferent frcm t‘hose after ', ’

paraxteral dzryaotlnrapy Here, 70% of the J.njected dose is excreted in R

. the urine and 308 in the fezm (Gcttl:.eb Stu.th & - Smith, 1972b-

. :_; .theltma, andseczet:mtl'm.xghthemtestmalvallhavebem
suggested as poss:.ble m of the hlg‘h fecal gold ccntmt after
auranofm (Gottl:.eb 1979h).

Cogdd

. been su;gested (Gctti:.eb l979b), but was not ccnfn:ned nor was there. Lo
e -.banyevn.den:eofanerrterd@atlccmlat.\mof gold (We.:.snan
5laa:dlsm et al., 1980). S - E—

Other m of ex::ret‘Jm of gold uwest:.gated mclude sal:.va
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- (Ha.rttmg Ootte.r&Gamm, 1941), breastmlk (Blau 1973), andha.urand

' nail (Gottlleb, Sn.lth et al 1974b) In an early study Jnvolvmg two

" pat:.ents who recelved apprmunately 500 g of A‘m, o .gold was detected

mthesallva (Hartmg,Col&ar&Gannbn 1941) Recent stud:n.eshavenot

-exanunedsallvaortears,sothecmcentrathiofgoldmﬂiesels

!mknovm Afteratot‘&fdoseofBSmgofMGadnmusteredpost—paxtxm

51gn.1f1cant ca'xoentratlms of gold were: found 1.n breast mJ.lk and t.race -

S

alramtswexedetectedmthealxursmg mfantsblood (Blau 1973). - .' _‘ O

mdlcatlngthatgoldcanpassfrmithenatemalbloodstreanmtotbemlk
arxihawethechlldssenm mlymnuteauo\mtsofgoldmreem:reted
mtheha:.raxﬂnalls(cottlz.eb am.!:hetal.,1974b)cmpa.redtourme _ .
and feces (Gottlleb Sm.th s Smth 1972b), denmstratmg t:.he J.nSlg!uflcant
e:n:retoryfum:tlmofthesetlsm

I
. .
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Manyatterptshavebeenmdetocorrelateplasxaandsenmgold

‘ camxtratlma w:.th therapeutlc effect or tax:.c:.ty Sme umstlgators

etal., 1970°‘Sharp Ia.dskyetal.. 1977 Van de:Stadt&AH:o—'I‘llstra

"-goldlevelstopatmtsvdndldmtmpmd Also msxgniflcant

havereportedthatplamagoldlevelsﬁe@émghermpaumtsm ;
respmded to trea#anent or who expenenced tcnnc:.ty ccnpared to rxcn—r’"'
respaﬂersorpat:mtsvboe:mmteredmsxde‘effects (Kruslus, .
Ma.rkkaxm&Peltola 197o-mrher Atkmsetal., 1973). Bowever m
mvestlgatorsfo‘.mdmrelatlmshlpbetweengold ccmentratmn, f:
therapeutlceffect, andthedevelo;nextof tcnac:.ty (S:leerbe.rg.mdd

1980) PaE:Lents dlsplaymg a therapaxtlc Vr&cpmae had s:.mlar senm

differawes emmg serun gold levels were found in pat:.ents wln i ~



experxencedgoldbmo.c;tyarﬁtkneevdnd:dmtahsmramas Qranda&
Pmybe.rg 1972 Getber Paulus et al 1972b- Jessop & Johns 1973

mb.mstem & Dmtz, 1973 Gottlleb Smith. & Smth 1974a)

3me relat.lmsmps among gold ex:cretxm, therapeutxc effect and

"tmamtyhawealsobeenenmmned Altrn)ghsaxestudleshavemdlcated_z

/acorrelatxmbetueenmnaryexcret;mrate (Sm.th,Peaketal., 1958-

. Krusms, Ma.rkk.men & Peltola, 1970; Iercy Bureauet al., 1978), or o
’ ;fecal exz:retlm rat:e (Gottheb Sm.th & Sm.th, 1972b) and therapeut:.c
| 'respawe mst studJ.es have found no. such relat.wnstup (Iawraxce,. 1961-

Ahnedetal., 1971, bhscarmhas Granda&Freyberg 1972

"Blllmgs &'ahameetal., 1975 Sharp Lmdskyetal., 1977) Also,v
‘; s:.mlar‘m.nary and t:otal weekly emcretlm rates (S:leerbetg KJ.dd
’--et al., 1970, Cbttheb Sm.th & Smith, 1972b) have been reported in

tmuatyandtlwsewhod;dmt, cmtrarytothe

fmdmgs ofann:h (1958) and Lawrexwe (1961)

3

.(w\ -v

‘\  E%t?émtratlmofgoldmhodyﬂuldsaidmtcorrelate |
‘.[-'wenmthaerapeuucrespmseormclty, uwestlgatorsbegantostudy
;‘relaamshlpsamwggoldcamrtratlmsmdlffermttlsmes Vanous'_.
*'..j"viinmacdumtlcmdelshmrebemusedmmattmptmmﬂerstandthe

!.'v‘]

" dist:nbat.lm and e:ccretlm pattems of gold.

Inmststtﬁmfollomngadmmzstratmofm,ablphaslc

’ decrease m serumgold cmcm&at:m was observed (Flgure 4; Hart;h 1974)
-"meuntialdecllmmsemncmcmtraumccnpnsesboththe .
dzsm.hxt:nm ‘of goldtlngimtbodytlssmsandoelmmtm Later

,'_‘;phassofthedeclme representmstlyelnmnatlm AandBa.re
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regressxmllnesdramfrm\cbservedvalues Iu.neCJ.sobtaJ.mdby

'_thenetlndofresuduals(GJ.baldl&Perrler, 1975) Us:.ngtheabove_ R
-’tequm,senmhalf—hvesraxgedfmn44to74days (Ge::ber i

. Paulus et al., l972a, Harth, 1974 Gottlleb, Sm.ﬂm & Sm.th, 1974a

Sharp Iu.dsky et al.,‘1977) By cmtrast Walz et al (1980) ' reported

.......

o 'a smgle dose of A'Dd Shorter half-llves (2.3 and 2.1 days, respectlvely)

- were observed followmg repeated adxm.mstratlcn (3 n't; Au/kg/day,un for -

4 days), J.ndlcatlng that&e exzcretlcn rate canbe altered durlng

nultlple dosmg ' In a 30—day study J.n two patJ.ents Waller et r (1979)

fomrdtheellmmatlmhalf—llfeto 97and104days Vlsual

. : ;"‘k)

"',;afteradmmstratlmofA'IM Thus 7t010-daystud.1esmaybetoo

FREe

".dlfferences anmg the elmunatlm half—hves reporﬁed

frtm data gathe.red :Ln smgle“ dose studles by Gottlleh et al (1974a)
"and Palmer & Dunckley (1973))and found that elmunatlm half—llfe
' ‘-Jncreased w1th tJ.n'e They ccncluded that stud:.es must be conducted

A

-\

-mspectlmofﬂaetenmnalphaseshowedltbecarelmearabouthays

o9
DL S

?T-iiQ‘>

JZ
>

Waller et al. (1979) re—e:mune{\\d serum concentratlm-‘tme curves ‘.;;?f;

§ Jforanextmdedperlodcftmemordertodetectthetemmalexcretlon_','._

phase lbre recently a tnphas:Lc decllne :Ln serum gold ccmcentratJ.on |

3

' was observed after a subcutaneous mjectlc:n of lgsAu—Am J.n rats and

: temu.nal’ﬁalf—llfe calculated as 26 5 days (Mason et al., 1977c, 1979

" 1981)

3y LAY

shorttodetectthetrue termnjial excretlmphaseandmayemlamthe_- e
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%}xearly The half-llfe of gold was. calculated as l 8 days (blood) and
W

. l 3 days (serum) 'Ihe dJ.ffe.rence between blood and serum half—llves

~ _was attnbuted to exte.nswe bmd:.nq of auranofm to the formed elanents

" of the blood Mult.lple dosmg ‘did not alter the elnmnatlon half—llves -

‘ 51gm.f1cantly

\
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From the 11terature rev1ew 1t w111 be apparent that go]d 1s excreted

most]y 1n the»urvne bk an1ma1s and humans after adm1n1strat1on of ATM
d .

'=bHowever, the 1mportance of feca] go1d excret?on has recent]y been

» 'recogn1zed 8111ary secret1on is known to be 1nyo1ved n the feca]

~

v4e11m1nat1on of heavy meta1s such as cadm1um mercury, p1at1num and

’nlead, and 1t may. be the mechan1sm wh1ch“¥ésu1ts in s1gn1f1cant amounts T

o oy Uu o ‘
- (30%) of gon be1ng found 1n feces Another poss1b11t“”that has not .
,been exam1ned is the role of meta11oth1one1ns in the excret1on of go]d f. .

1n feces Ne dec1ded to v
'.TL‘ Exam1ne the dose- dependency of the ur1nary and} f}v
- fecal ‘excretion. of qo]d g1ven as’ sod1um auro- B
_th1oma1ate (ATM) _

S 2. Exam1ne whether repeated adm1n1strat1on of ATMn

_ 1nf1uences the excret1on of go1d
s, .Determ1ne the pharmacok1net1c 1ndwces for the SR
~ .. excretion*of gold in_urine and fetes. EatER s
'_;- dff_Exam1ne -the effgct of the ch?1ﬁstat1c agent , - 55 4317",’
*f’gt)a]pha-naphthy]1soth1ocyanate ANIT on the . ot
. fecal e11m1nat1on of go]d and
o a:Sﬁ;_Exam1ne the 1nv01vement of- meta11othlone1ns R jil -bg
Lo in the excret1on nf&901d v [ERRPRRDVRIE R &
iy S
; e » :
i s
»;i o + S g
A et






gamna gavs of 43.2 ‘K@vé\em\ £
- paﬁ’ 1de T . h : :,._

. RP"“ ""‘v-- », ‘;"'4'
'.n/cn seo l’ m“"btl'xe. Un.wers:.ty of Alberta Sl@wPoke nuclear ¥ T
5’ vr ."'< . Q :
conta:Lns sochum, b\radloact.l.ve %4Na was ¢

r.‘. Smce; the

Nur:h.des 1977). -*&* '_". - |

-

x i R e ‘ . e
EAPR J‘u’} po =y

SRS °23Na +n'w 4'Na + v,a) (299

I3 s - .
AT R BN

gazrma rays of 1368 and 2754 KeV energies N

15, o hr for 24Na SR E e
v ‘ ‘ e ’ St ’ '\ N

. Follow:mg J_rradlatlon the samples we;; stored for a mlnmun "of three

<
Il

II

" daysrto a.llow mst of the short—llved :Lsotopes, "'espec:l.ally 24‘Na. tQ i ’ .

r

.decay nu_p_unlz:.ng mterference w1th the measurenent of gold. ) Solut:Lons ' .

Lots M12777 and M15532 Poulenc Ltd Montreal s @w

.

b NaCl (Flsher Sc1ent.1f1c Co. ' New Jersey) %smlved :Ln tiam_nerallzed

"dJ.St.llled water . .'“‘
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XY ELE e T R CRNT S
i v o _ he .,:.y' . (
Grdups of 4 male Spraque Dawlev rats we1atung 250-'550 g were used
,ﬂ-A%SmaledoseofosmorlOmAu/’kcofl -?’Mmanaxumm
_ volxmeofozndofsal;neuasmjecteddmtothe@ct&sor . e
g - ‘ L
H'%""\*@ . R4y »""" :
fanons' rruscles (GI:eené‘ ‘1955) of the *undri@ of ratS' "
. :vstudz,es, A'Scp}d" 137 /Au-Am (1%0 mg: Au/kq) ms mject;ed mto iy
N | LR N AP .
c_tadnceps muscles fpr lqubrmsecuplye ‘geeh';?w;th ,the‘ lastc

& 198' ﬁ@l (l O.m; Au/kc m) Afte.r g.he ar.imm:ﬁzi'atlm of radloz,satope
v rats were plaead in® netabchsn cagas andallcved foodf‘g‘xﬂWer ,

e 9" .?"}'Q . .

Ur:.ne and fecal snecnnehs were collecteﬁ&@t 24 = 4 hr mtervals gw L .,

and ana{yzed for Au actl“‘%i Samples' ool(ﬁecr_ed 24 hr be‘foi'e , ’_‘;»{

mjeCtJ.on. ng no gold were the t;lme zeﬁo contro"ls. The 198Au ‘* M

Lt e . ; -a " ,. . q . . N . “

g;;.. actlv:l.ty of gll spec:uxens was neasu;;ed by oount.mg t-be 4}.2 ‘ t N :
é s ‘“, . 3 . . .

- amss:.ons usmg a 3}%{ J.nch NaI (Tl) i

'v n‘

390—440 KeV:, well b‘elow the 511 RV’ shculde.r or peaks ‘due to z‘luagér ; v

t for an energy range of ) o ‘l"““

. '24Na lnterference and backgmtmd radloactlva.ty was neg;lgible. The samples

it we.rg counted with a- statlst:.cal count:.ng error of 1ess than 5% LT s

'v(Early, Razy.lg &u’spdee .1975) 'Ib account for the decay of the radJ.o— RS

’obta.lned frcm the 'UnJ.verss.ty of AJberta An.unal Serv1ces:» ) RS

‘ .d us:mg a 26 G% dlsposable needle (*Bect,on-chkJ.nson & Co) , ; ) :
f Lab—blox food pellets (Wayne) ‘s e T o E

o h Nbdel 1185 Searle Autcmatlc Gamna Cdmt:mg System callbrated mOnthly
so that lKeV correspomied to l channel .

.é' ’ e




T =‘\the lgBAu act_w:.tv’ (cgm)’ at, mme hr) obta.medbv

ES . . P @ RN

7..' e o 1 SR ‘ 4:",_; the 198Au act1v1ty (c;m} mjected mto the rat

; '-.-"; g . s . %
S t.he deoay oonstznt found by calculat:.ng 0. 693/'1“5

]

3)
the half—llfe of\f_he A\n)xsotope {64. “7 hr) ; L e
i ¥ A the tme (hr) elagzsed since adnunlstraglm 9’5 198@&

A and the mmus smn ( ) de.cates dec:reasmg actrvity

ot RO

"4
|' ‘au'

t
t

and feoes dur"“'_ 5 each'24 hr perloﬁ wgs then calcula usnﬁ’g equatJ.on (4)
u.r' - » b . S e .

L
el
o

RS = the dose adnum.stered (ug) _' ’ o L

AR S '/;; each 24 hrﬂerlod R ;
198Au actlw.ty (cgn) J,njected 1nto tl'e rat R I

‘» ST At the ‘198Au adt1v1ty (cpm) J.n t.he u.rlne or feces for '

- 4';. v..‘l . . tl"'..ﬁ A _ka the

B rates werezcalculated for each 24 hr perIod and plotted ton sem.llog
paper (ordu;:ate)/g Vs the mld-t:une ofn each oollectlon periéﬁ (absc1ssa)

. Data were enteredvlnto the AU'IOAN program (Sedman &Wagner, ‘1974)

: .‘assumlng flISt order elzzm.natlon Data were then entered into the NONLIN
“ :program (Metz}.er, 1968) . A 11.ne vas fltted through the last 3,4 and 5 /
7 data pomts ’ Us:Lng the correlatlon coeff1c1ents the best llne was . .
'. 3 detemu.ned and the overall elJ.mlnatlon rate constant (K) and T!-s : ” (\
| a0 /ocnputed (Gﬁm & Perrler, 1975) _. ,:7" . : ', 5 ‘_'_-,-:‘.“ ";' ’ | | :' ”’t




« . Students ttestandanalysxs of varlanoewereusedtodete.nm.ne
| ffstatlstlcal“' sz.gruflcance at:tthe 95% level (p < 0 05) W!m approprlate,

7]

,.Q | I)mcan s nultlple range test was perfomed (Snedeoor & Cochran, 1967)

. ‘ g : ‘ . » V . . ) (5 ‘-3}
e . o . . P . .

. . . . <. ) . " N _~ . s po ] i R A ‘ .
- ST '-'.”!‘ AR B RS R
o : N X S ST TN e BRI B . : : ) ' L,

C-,.*.;. E)G?ERIMB‘H‘SWI‘IH AN'IT e X ' . o C A

3w . < . = . . . . .

"i?

. «;‘ Thexcho c aqent alpha—naphthyllsothlocyanate ”"(?\NIT) was, used .

to determme whether blllary secretlon was 1§r1volved .in the fecal
t .
' ) elmunatlon of gold Doses in e.moess of 150, mg/kg po were reported to

a %

were gavagedj w1th AN’I’I‘ 1.n doses of 150 mg and 300 mg/kg. BeCause ANI'I“

'\\

1s msoluble 1n water (Merck Index 1968), J.t was suspended ln»l%

-

carboxynethyl oellulose ((M:) or dlssolved in peanut o:.lq'D Control I /\

' v peanut Oll alozne 'I'l'xan the ,rats were. plaoed

J.n metabgllsm cages and urme and fecal sampld collected at 24 4 hr
198

:Lntervals and assayed for “Au act.lv:Lty as’ before % o
'A\.. N (".' .f_ . PN

J us:l.ng a4 size" 18 stamless ‘steel arilmal feedmg needle (Blo-Medlcal
Popper & Sons Inc., New Hyde Park New York) , : ‘
AN k Flsher Sc1ent1f1c CO N S _"j_‘:-:_ - B
‘ l Planters o

s ) ; +frcm 3 to 5 days
(Indaoochea Rednrmd &*Plaa 197‘1 Pi’aa & Prlestly, 1976) ’I’he_refore,_ A

.-a 24 Bir before the admmistratlm o‘f 19%‘1 -ATM. (1. 0 ng Au/kg,J.m) rats, S



§ ‘-mJ.nced for,15 seconds ~1n a .W%'mg IS:'Lender and tl‘ien harog_ nds J

p ngd label ultrapu.re grade (Aldnch C‘natu.cal Canpany, Inc. " MJ.lwaukee)

w:.th red:LSb&l?utlon of meta]:g durmq 1solatlon (Mmkel Poulsen

B found J.n the cellular env:l.rom\ent and to prevent the omdatmn ef M[‘ o

-

' A s:;hgle mjectmn or 14 consecutlve weekly mject.lons of A'ma
(1 O‘mg’Au/kg) was/wemadtmm.steredintranusculaﬁ:ymtothehmd .
leg(s) of rats (250—550 g) as' before 24 hr after the last :Lnjectg. n, -

-

'IheprooedureusedtonsolateMI‘waswsmlartotheneTodof ‘
i';Sha:Lkh and Sm.th (1976) (Flgure 5,) 5nM 2—mercaptoethanol was. -

' "added to the hamgenates to ma.mtam the reduc:.ng condltlons normally

& "-')n-.w'

KR

s
'et al., 1980) A 20% w/v hanoge.nate of the k;dney or 11ve.r t:LSSue '_ o
" 'f was prepared in- lnM ‘I‘rn.s—Hé}l ‘x:rﬁf«ferp pH 8 6 Tlssuewas fmely . '

\-\ “"‘,

rats had the:Lr necks broken after flrst belng stmned by contact
w1th a~lead tabie. R L _ -

Mettler ‘balance, Model HI0 (Flsl'§r sClenuﬁig) fj BEE

Eastman Orgam.c Chemlcals (Rméiester( New York)

'.L;__ -

T
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(r‘at kldney/hger) T e

g

'15 HC1 buffer pH 8. 6 §

*—“e

Homoaen1ze

2-mercaptoethano1)

S e,

" Protein Peldet
»  (discard)

. .
IS 1
é 2 . . .
) o .
. .
o - ’
“ .
ps
K]
v'n‘ S .f' R al

F1gure 5
be11eved to be MT -

\

Scheme for the 1so1at1on of Au b1nd1ng prote1n (Au BP) JQ:H”"'

Sunernatan%w‘ v
(cytop]asm1c“fract1on)

-y Lo e, AP

;SePhadex 6-75 GéT Ej 1trat1on B j'g e
(TmM Tr1s -HC1” buffe pH 8. 6 & B

Crude Au BP R O
(MT) R B

0 L

(Sha1kh & sSmith, 1976). . - SR




' HtedtoS_CfgrlOmnsmawaterbath tocoagulatehmw

prot‘em to stop enzymat.lc react.lons (Webb 1972 Shath & Sm&

19765 Smce bﬂ‘ is heat stable, 1t lS not affected by thlS pmcedure.'

i 'I‘he hamgenatems then cooled andcentnfuged at 10, 000g for

e 10 mins at 4 c.” 'Ihe supernatant conta:.nmg the 1’1‘ !i'actldn was o
U g Rt

collected and tl'g pnoteln pellet dlscarded MI‘ was then 1solated fztm

the supernatant us:.ng gel flltratmn chrcmatography

R
5

3‘* WM{Y p : » .

R

@phedrespecuvelytozsxgoanand1sx90cn:‘"i£ti
7. packed w.lth Sephadex G—75
' w1th lnMTrls-HCl buffer pH 8 6, contalnmg 0 02% sodlum amde as’ a

Pl I

preservat.we , Us:.ng perlstaltlc pumps the flow rates of the

Tl C
A [

%he san#!‘es were eluted fm the col , .

O

f2 6 x. 90 cm and l 6% 90 cn columns were ma.mta_med at 28 ' f; .

$'P_l

"‘ T PR t' 4\" ‘ “L'..‘“. ‘«

B .-q Tr:L—R-St:Lr—R, ‘Model K43, 1/15 H.P
Q Gallerﬂcarrp (England)

o varlablesoeed _s'o'-lloo';g_n‘g G

S Sorval Refrlgeratedeltracentrlfuge L ;f TR E
K

40-120 mlcmn pa.rtlcle s:.ze 6Pha1mac1a Flne Cfnem.cals) | "

Elsher Sc1ent.1f1c Co

o

LKB Model P3 and Watson-Marlow HR Flow Induqer

f'-- e

LKB Ultrerac 7000 (Sweden) and Fractanette 200 Buchler Instrmrents;i:_"f‘i s
.,(NewJersey) e - e




_determmed—usmg-NAA

e
bO

neasuredx_ Pxotemcmcmtraumofeachpeakwsneasuredbyﬂe
coIonnetnc nethody of Bradford (1976) and gold couwentrat:.m was

75

Th&colurms ke:l'e callbrated—usmgebl dextrar
(Mx 2 x lO ), ova.].bumm (43 000), chymctrypsmogen A (25 000)
nbamclease A (13 7@0), and the MA of Mr estnnated usmg these |
ma.rkers (F:Lgure 6) (Andrews 1964) Further fractlonatlon of the
crude MI‘ or other @ts to p051t1vely 1dent1fy the l m. W, gold—bmd:.ng
*p*mtemasmwe;emtperfomed | R

-b’w. : "", A Q . RN . . ‘::-'- : ":}‘%- TR o
b . B i ' K‘v‘ DA R [ . P -
V,‘, v
.

G:Llfoﬁi 'Hoqple beamﬂ.spectmpkqtareter 250 or UnJ.cam SPlBOO UV o
contammg Ooanass:.e Brllllant Blue G250

95%" ethanol [ ml) g, 85% W/ phosphonc acid (10 ml) (Fisher . Sc:.entlflc ‘
- Co.)y andden:.nerahzed distilled water (85 mi). “'One ml of pmt:em

:} ".. ’ A %\" T

elberg). was prepared as’ a’solution conta:.m.ng "’@ 1

‘“reagmtvaasaddedtotebttubescmta:nmgo 1'ml of" protem solut:.on

k(eluate)andtheabsorbgnceatSQSmnwasnea&ired . Using'a "~
calJbratJ.on curve of absorbance values vs concentration’ of bovme

‘serum albumifi:(2~20 ug/100. ul)- (Sigma:Chemical’ chpany) P the concen— R

tratlmofpmtelnmeachpeakwasdetermmed

25 1 samples of .gold chiloride standard (0. 25-10. ug/ml, anent
| Harleco Gold Standard) in 0.1 mM Tris-HCL buffer, pH 8.6, and ' =
: proteJ.n eluate les were plpetted onto m:.lhpore fllte.r a:l.scs Lo

- (0:45 UM pOIe s: ze, %‘Hg,i Mil |]pore CQrporatlm) and’ air drled ) .-

These-discs were ‘then |into an: J.rxid;:ﬁllm capsule. (standa.rds
J.rrte‘):'spersed among prote:m samples) ated in the- SlowPoke
12 2 —1

‘ reactor for 1 hr in a thermal neutron flux of 10 /dn - sec. ,,

: ,31'.».

After 3 days, ‘the’ 1982-\11 act1v1ty was neasured by com‘ang the 412 KeV ‘"

ga:rma snlssa.on ‘'using. the Searle: (Model 1185) Aptanatlc\Ganma CountJ_ng

LAT"‘ o

- 'System,.. Based on-the gold ‘chloride: callbrathn curve’ the concen- L

’trat:Lons of gold in. tpe protem eluates ‘was detérmlned. S

AR L R T _»-o'rv‘. T

SER
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Caoamemoms

I-R:wayer becauseofthesmall numberofanmalsusedandthe‘large

VR

(92 78 18 99 ug) ’Ihe total amount of gold excreted J.n the feces

B _and_ l 0 ng‘Au/kg,m)—the—hlghest annunts of gold‘we.r;b fcund“

N

After the adm:.mstratlon of smgle doses of 198Au-A’IM (0 5 mg

":'J.ng the fJ.rst 24 hr Atrounts decl.ued cwer the next e _t*#\\;i

'.\ c

Fecalgoldcmtentreachedama:mm.mbytheseconddayand

q ed samllarly over the next 7 davs CumxlatJ.Ve amount excreted/

J "ﬂuelOm,ascatparedtbQSmg,Au/kgdose(TableIV)

s .‘uu St

. [ 554 i S oS '
amma.} varJ.atJ.on statJ.?tJ.callyp s:.gnlflcant dlfferences were riot S T
.; q;_;‘f : ) .

LR

observed f"or each tme pera.od._. After 0. 5 mgAu/kg, the_,total anr51mt of ,@p.l :

"‘goldexcreted in the ur:Lne 1n 168 hrwas 43 52 7 21 ug (mean se,

u=4) 'IhJ.s was s:.gnlflcantly less than after the 1 Orm Au/kg dose T

i after these two doses was - not su;m.ficantly dJ.fferent.; About one thlrd

o &
,W;,oftheadnum.stereddosewasreooveredintheuraneandfecesoverthe

excreted (‘I'able V) .s f,-) .;' . - ‘."..;,'f'.-"' )

o Urlnary and fecal excretlon data vs tJ.me lalots were obtamed fOr each
o rat, @d the 'apparent el:u;ru.natlon rate constants calculated fmm the C
| i":".'termJ.nal port:l.on of the graph and rnea‘ﬁfralues obta_med (Table VI) ’Plots -
.;--'_":‘(_of mean urlnary and fecal dafa vs tme are shown in. Flgures 9 and 10&

SlmJ.larly K was calculated after the s:.ngle dose of l O mg Au/kg (Table VI)

K2

| 7-dxy perJ.od Urn.nary excretlcm accounted J;or 71-—74% of j:he gold

-u b ~

. . \’/ . . t
°
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Flgure 9 Unnary excrehon rote (meon'*’se) of gold after

2 B8

8

o

S

2388
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N

a smgle injechon of I98Au ATM, im (n 4)

. d

| BERSEETYN ® O.5mg Au/kq
lomq Bukg e

RN

Time {he) SN




- 85

R

»-
,

i
'

Figure IO Fecal excrehon roie (meon:se) ‘of gold ofter a - ‘
. smgle lnjechon of '98Au-ATM im (n-4) |
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oy

e

200 © & 05mg Au/kg
B B IOmg Au/kg




i

Data fof de.v;Ldual rats are tabulated in Appendix A (Tables Al- ‘,

86 .

Ad).

' . B. CHRONIC STUDIES o

- ‘After 13 weekly Einjecéims of ATM (1.0 mg Ai;/kg,i:n) and ane |
¢ 198

injection of =7 Au-ATM (1.0 my Au/kg,.un), ur:l.nary and fecal excret::.m '
flgsAumss:mlartoﬂweamxtestLﬂles Urmespec:menscollected

24hrafterthemject1m of 198Au—1ma contained the most gold and

‘:'fecalgoldcmtmtpeakedmthesecmdday. bbregoldwasewcreted\
‘mﬂemneandlmsmthefecesforeamuhrpermdmtmts
vweremtsxgnlficantlyda.ffermtfrunsmgledosestudles ('I‘able VII)

:'nxeamxlauvemmtsofmldenmtedper7da§mthemandfecesu
| wetesmlarforhoﬂitheaameanddtmucsuﬂies (hgmllandlzv
"mblevm. Asmtlzacutestudies axethirdoftheadmnistexed
aosemmamedmaemmﬁecesafwnays (Table V).

:"Samlogurhmyandﬁecalemmtxm-rateplatsuereamnnear '
(Pigtmeduaﬂl«l) !bmvah:esofkforbothmaﬂfecesuem

_sxgmﬁcantlydiffe:mtfzunﬂnaefrmﬁnlng-aamesuﬂies (’rahleVI)

. Dataﬁmixﬂxvidlnlmuetah:labedinmﬂix}\(hblem-

Mmsmtmofmmocmmmlzchrbefmem'

'l"-mjectlmappeuadtocmsejmpdiceasjtﬂpdbytheyeuowmgof
"_;thescleraandﬁews mdtherats'lethugichdnvior Pattemsof ‘

| '_ﬁlemetnmofurimuetemmﬂarinbestaxﬂmlmﬁmls l:xt I
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Urnory Excrefion Rote (pg/hr)

a singe LOmg injection®(’) and the Igth. ;,\g.u, 3*?
lﬂmq hjocﬁon (x) of '98Au-m-u ...(,.34) S

Fign 13 Urhary excretion rote(meon:tu) of goid”
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‘ﬂaeem:retmnoffecesfellmgnlflcantlymthefzrstnhraﬁter

Q

""‘adnmst.ratlmofANIT Urmeconta:uwdthemstgold 24hrafterthe

92

' ,admn.nlstratJmofANanddeclnmdoverthe7daystudypenod. Although-

, "'fecalexm:etnmwasenatlc, fecalgoldcontentgenerallyreac}eda
ma:mmnbythesecamdday. Cmulattveanumtexcreted/tmeplotsafter

ANITmoxandpeanut 011are shown :LnFlgures 15-18 ANITpre—

1_'treammtd1d1neveralterthetotalatmmtofgoldem:retedmthe

"-flrst24-48hrafterAMadmm.xstrat1m. mnngtluspe.nnd 84%

| mregoldwasemr:retedmtheunneandllS%less (boths:.gruf:.cant,
-‘v‘p<005) mthefecesofANI’l‘-treatedratsthmccnuolsthatrecelved

' mly CM: or 011 (Tables VIII and IX) After 72 - 96 hr ANI‘I‘—treated

B ) e

and ccmtml?rats e:a:reted s:.m.lar amounts of gold in the m:me and feces
_-f]!)etotalaummtofgaldemetedafterlGShrwasalsosmllarfor |
ANIT—treated and. control animals. (Tables VITI and . As'in the acute
| "_sumes, a1ly 27-32% of the admmstered dose of gold was mcovered
" ?_aftermev.eek—n—%%mmeumxeandthemuﬂermtrefeces |
- (Table X) Rats glven ANIT (300 mg/kg,po) before mjectmn of A'm

. ' enncreted le.ghtly unre of the dose of gold 1n the m:me (79%) but ,
_'s;gm.f:.cantly 1ess m the feces (21%) Flgures 19 and 20 show that

these rats defecated s:.gmf:.cantly 1&85 e:mta J.n the f:Lrst 72 hr than

d:.d cmtrols. Dlm.rg thls same penod rats g:l.ven ANIT (150 ng/kg Po)

“defecatedmrethantmsevdbhadrecelvedtheBOOng/kgdosebatagaan

.' {;msvasslgmflcmtlylasthancartmls (Taba.e XI) . _' leferelceswere
j5,':_""-»observedbetwea1thevemc1esacmoumttheseveremtstausucauy
‘j"/AsbmamtesttﬁJes,saulogplotsofurmaryexcreumrates

(hgtmeleandZZ)andfecalancretlmrates (F:Lgures23and\24)
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FiqnnZi Urinory excretion rate (meon* se) of gold after »  T
- administration of 98Au-ATM (10mg Au/kg,im)
"_n rms given ANIT in caboxymethylcellulose
24hr. beforehond (n-4). R

AISqu/kqAMT
DSOOmg/kqANT
Ocmconly
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quure 22 Urmory excrehon rote (meon"‘ se) of qold aﬂa

o 3.00.“.; _

Urnary Excreflon’ Rate (ug/bc) . .

admns?rotion of '93Au ATM (1.0mg Au/kg,nm)

_in_rats. given ANIT in peonut oul 24hr beforehond

(n 4)

| A 150 mg/kg ANIT cEa
o 300mg/kg ANIT T
R O o only '




B

o

FMZ& Fecul emetm rate (meon*se) ofqold aﬁer
 odriinistration ot 98ay-ATM (1Omg. Au/kq,im) SRy
. in rats given ANIT i ewboxymo'hvww 24»:
bcfouhmd (n-4) R e

A I50mg/kg ANIT
B EJ 300mq/kq ANIT




FocoIExcmlm R‘"‘(ug/hr) R B

B 5 BBABRE

{33335;3  }

Fiqure24 Fecol ucrehon rate (meon se) of gold aﬂer

. administration of '93Au-ATM (l.qu Au/kq,im)

.'l-'(n=4)

. I50mg/kq ANIT
. o 300 mq/kg ANIT
| O Oil only

i rats. glven ANIT ‘in peonm ol 24 hr. beforehmd
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were curv:.lmear Mean values of K aré’sunmarlzed m Table XII. Nov
: 31gm.f1cant dJ.fferences were found between ANIT—éreated and control

» I.'ats. - : . ;'A - : - '_ : . . a ™. R |

I . ¢

— pata-fram-individual rats-is-tabulated-in-Appendix-A-(Tables-A5-

'D.  ISGIATION -AND‘MICA’TI@: OF GOLD METALLOTHIONEIN

| .' \'Jgure 25 shows a tpr.cal elutmn proflle of rat llver supematant
‘afte.r a smgle im mjectlon of A’]M (l 0 mg Au/kg) Peak I eluted at
, the column VOld volurre “ar was found to conta:.n prote:.n(s) w1th~a m ‘
greater t:han or equal to 70 000 daltons (the exclusn.on l:1m1t of
‘Sephadex G-75) Peak II wh.1ch was not ccmpletely separated frcm Peak I,

i 'had an elutJ.on volume s:l.mllar to chymotryps:.nogen A suggestlng proteln(s) S |

o w:.th a mof 25 000 daltons However, a reduced absorbance at 280 -

_ observedforPeakII Aprotem suchasMI',thatcontamsfewor

»‘ no amt&t:.c amJ.no ac:.ds could accmmt for thls reduct:.on J.n absorbance. E
: 'Ihe last fract.wn eluted fran the colum (Peak III) conta.med 1.m.w. : ‘
| ammo ac:.d fragments and the added nercaptbethanol. Us:l.ng Bradford' |

U mcroprote:n assay, Peaks I, II and III had protem concentratlons of

e '/0 3.33 0 064 and 0. 004 ng/ml, respec:tlvely | Flaneless ARS was too

ccmta.med gold The exceptlmally hlgh cmcentratlm of gold in Peak III

'."couldbeduetogenerallzedbmdmgtotheprotelnfragnentsorto

_"‘ldlsplacazentofgoldfrmlpmtemslntheflrsttmpeaksbythe .
: J.soiatlon tecl‘m:lque A sunlla.r gel flltratlon pattern (Fz.gure 26) was

T observed for rat llver supernatant after 14 weekly mjectlons of A'.m

(lOmgAu/kg,J.m) ,'Ihreepeakswereseparatedandcorrespondtohm.w.
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Figure 25. Typical Sephadex‘G-75 elution pfofi]e of
' rat-liver supernatant after a sing]e

© 109

4 . injection of ATM (I.Q-mg.Au/kg,im ..
Y - S S
Liver supernatant (10 m1) was applied to A
-Sephadex G-75 column (2.6 x 90:cm) and 5 ml
*  fractions were collected. {(~---. absorbance
at 250 nm and (—) absorbance at 280 nm.
Peaks . . 1 I I
" Fractions- . 32-39. 40-65 75-115

Volume (m1) =~ 40 130 205 .
' Protein (mg/m1) 0.133 0.064 0.004 -
‘Gold {ug/ml) ~ 0.059 0.019 0.159

(v

~ Fraction hhlﬂbgfh : _3»‘

oA
.
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F1gure 26 Typical Sephadex G-75 ‘elution profile of

rat-liver supernatant after 14 1n3ect1ons
of ATM (1 0 mg Au/kg/week,1m)

L1ver supernatant (10 m1) was app11ed to a T
‘Sephadex G-75 column (2.6 x 90 cm) and 5 ml

- fractions were collected. (---) absorbance
at 250 nm and (———) absorbance at 280 nm. o

)

Peaks 1 . I . I

Fractions ~ ~ 40-51 ° 52-74  91-124

"Volume (m) 60 15 - 170

" Protein (mg/ml) 0.068" 0.075. 0.000 -

‘Absorbance .

ST . - ‘h' -

¥e)

Gold (ug/m?) © 0.063  0.024  0.084

™
o
A L v

 Froction Number -
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| pmte:ms (Peak I), .Mm.w. prote.ms J.ncludJ.ngMI‘ Peak(II) and l.m.w. _
pept:.des (PeakIII) Althoughnnr:.;_glalgoldvasadmnlstered pmtem

—~—and gold-mcentratlcnswere smu.lar‘to trbsemeasv.n:ed after—a‘smqj.e
mjectlan of ATM (Flgure 25) These data indicate that other t:Lssues |
nuststorem:chofthegold(Am)adnumsteredoverapmlaxgedpenod

_ becausethecamtrat\.w.m of soluble protemsmtheh.verdldnot
‘"-vmcxeasemrespmsetothemcreasedamo\mtofgoldmthebody
| Flgure 27 shows a typ:.cal elutlm pr:oflle of rat k:Ldney supernatant
f;afte.rasmgle mjectJmofAmuOngAu/kg,nn) 'Ihehm.w. protelm:
Peak(I)andthelm.w.protemPeakIIwerebarelydlscemableabove
backgromd Smcelessk:.dneysupematantwasapplledtothecolmmthe
peakgenerallycontalnedlessprotemthandmmeoonespa;dmgpeaks
‘Of the rat llve.r supematmtaftera smgle mject:l.cn ofA‘IM (Flgure 25)-7" g
chever, mgnlflcantlymmgoldwasuéasuredmeachofthekldney e
supematantmaksmdlcatmgthatttesolubleprctemsofthekldney
lmayhaveagreateraffuutyforgold(Am)thantl'nsemthehver
Oolumdurmatographyofratkldneysupematantafterrepeated | ’
admmlstratlm ofA'IM (14 weekly J.nject:l.cns) agamgave3d.1.st1nct
peakS(F:LglneZS) 'm&eepeaksccntamedsmlaratm\mtsofpmtem
butmgmﬁcantlylessgoldthanafterasmglemlnjectlm '
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F1gure 27. Typical Sephadex G-75 elution profi]e Qf‘ o
- rat-kidney supernatant after a. s1ng1e e
injection of ATM (1.0 mg Au/kg,im). - .

Kidney supernatant (5 ml) was applied to
" 'a sephadex G-75 column (1.6 x 90 cm) and
2.5.ml fractions were collected. (-9 -
- absorbance at 250 nm and (—-—) absorbance
cat 280 nm. ‘

 Peaks R SR ¢ SRR § §

Fractions ~ 24-29  30-50  55-85
‘Volume (mi) 15 52.5 77.5 .
" Protein (mg/m1) 0.102  0.057 0.007 -
- Gold (ug/ml) ~  0.425 0.351 ' 0.439,
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Figure 28 Typica] Sephadex G-75 e‘iution profﬂe of
rat-kidney supernatant -after 14 1'nJections
of ATM (1 0mg Au/kg/week nn)
K1dney supernatant (5 m1) was app'lied to a-
Sephadex G-75 column (1.6 x 90 cm) and 2.5 m1
fractions were collected. -(----) absorbance
at 250 nm and (—) absorbance .at 280 nm.
Peak 1 1 IL
| ‘Fr"act"lons . 27-36 - 37-60 ' 66-100
. Volume (m1) - 25 60 875
~ Protein (mg/ml)  0.100 © 0,081 - o0.010
. Gold. (ug/m1) | . 0.180 - .0.135 .0.194: .
- &
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Ratseam'etedgoldmbothurmeandfecesaftermjectlmsof'
‘sodnmam:m:lnmalatem. 'metrrmaryandfecalencretimpatternswere

- s:mﬂar to: those reported_for_Rleatlents_treated_with_vamzs_soluble—

gold carpomds (Freyberg Block et al., 1941; 1942 Smith, Peak et al., :
'1958 Sliwmsk:., Zvaxfler & Rubm 1966 Mascarenhas Granda & Freybe.rg
1972; Rarth, 1974; leroy, Bureau et al., 1978). ‘

. - . : . \

N

A.. ACUTE STUDIES
{

TR ;i"

AftersmlemjectwnsofA'm(OSmgarﬂlomAu/kgm)urmary
golde:ccretlmpealedmtmnnhra;ﬁfecaleametmnreadaeda. ]
max:mxnbydayz 'megoldconcentratmnsmtn'meandfecestlm _
‘declmed over the next week. Afbersnag]edoms,totalmmtsofgold
»Hrecoveredmtmmeamifecescver7daysmredo&—related However,
_:thlswasnotalwaysobvmusbecauseofmter-ammlvanatlm bbanvalues
MforKd:taJnedfrm\bodxurinaxyandfeczldatamresm]arforsmgle-

B mxcsmms

‘ AfteereeldmeectmnsofAm(lOmgAu/kgm)ratsgivm
;‘_10mlgsm-MQ«:retedmmtsoflgsAummaxﬂfecessmﬂar
"tothosefmxximtheIOmg acutesmdles.'lkmeve.r,nemvaluesof
detemned fran \n-ina.:y and fecal data were 51gm.f1cantly mcreased
_magreetezrtmﬂlWalz, Griswold et al. (1980). This indicates that
”durmgmﬂtlpledosing mreofthecurrentdoseofgoldlsexcretedlﬁ
'V'aglvextz.me,mcarpansmmthprenousdoses Itlsmportantto ,

198

'frecogn:n.zethatmly Aumurmeandfecesvasneasmed,mttotal

¥

s -
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'gold ttmslgaAueJmtmeilqu:xesmtmlyapo:tjmofttebotal
,‘goldem:retedmurmeandfecesarxiresultmanmumasem

K. A *
‘ .Itisew.dmtf:unthecurnlmearnatumoftheem:retlm-tmeplots
-‘thatequatlmsdescribmgtheemretlmpmcessmstcartamatleast o,
‘ twoexpmentlals Hmever,ﬂmevanameofthedatadldwtallow |
."defmtimofnoretfmmeofﬂ)eseexpamtlals(le.m Inh:md-”
'sight,theexperinmtscaﬂdhavebemmprwedbyalsoneasurmgblood
orsenmgoldcmcentratmnsafterlgsmlvandm,aswellasurmaryj_,,j‘
and fecal concentrations. Detennmatimoftheméucsofgold .
dlspomtlmmnmedetaumﬂdﬂmhavebeenpossmle,mpamcular,
detemu.natlmofurmaxy(xu)andfecal (K)excretlcn rate ccnstants.
"-}'nedatamlyallnwednetousethemterceptofﬂ\etemmale:mtory
'vphasestoestlmtetheratlobeﬁpenK and K. Thusmeachrat, “the
",:mtezceptofﬂweurmaryorfecale:metlax/tmeplotattmezemw‘as.”
d:t:a.med Assmxgthatthesa:epzmcessesofda.stributlmard' _
absorptmapplymeachanmalforbothurmaxyanifecalem:retim,
"._.‘ﬂaeratlooftluewomterceptsstmldprcndeanuﬂmatnmofthe
--dlffemacebemeenlgdandx Usmgth:.steclmlque mf | |
~151 007. Itnustbest.ressedthatthlsmterceptlsaccnposzteof
",_"severalfmm(c:baldl&perner, 975)arﬂnaynotrepreqentthe -
" true! value oftheratJ.o L !
‘ ﬁxeexpennmtscmﬂ.dalsohavebeenmpmvedbyextetmgthe'
.observatlmtme As indicated ea.rller, t.hetenn:.nalhalf—l:.fe of gold
~ may be > 20 days (Mason'et al., 1977c; 1979; 1981). If gold des
‘»mﬂergoﬂemca«zetnmprocess\desmbedhyoﬂlers thenmyl
.'expemmtsmuldaﬂyhavedetectedﬂxefustandsecaﬂphases andthe; L



nr

'temu.nal' hélf—hfeobservedlsnotthetruetemdnalhalf-liﬁe but .
'thehalf-lifeofthe 8'phase 'mepmblsnmherentmmyacpermts

'J.stheuseofthereadllyaccesslblegoldlsotope Au. Itshalf-llfe._ P

mtwstnrttopermtmeanmgfulexpermentsoflmgerthanmdays
-durat:x.m Ot:hers (Gerber Paulus. et al., l972a- 1974 Gottlleb, Sm.th &

Asm.th, 1974; Mascn et al., 1977c, 1979- 1981) have used Au wh:.ch can
" be followed for > 6 months because of 1ts long half-hfe. A Hcmafver, 19,5A'u'

decaystolgsPtandtl'msastheexpennentprogresses, nesultscouldbe'

mfluencedbythepresenceoflgs Saneautlnrshavemtedm.nor
|

.dlfferencesineliminata.m rate cmstantswlmlgsz\u, catpa.redtolg-lAu,.,»
is used (Gottlieb, Sn1th&9m.th,l974) o P
Inter—ammal var:.atlm is always a problan in ecperments in wh.u:h

vmaryandfecala«:retlmofadnrgareneasm'ed Myest:matesof"

| nck be\affectedby the satplmg t.me smce tlus was sufflcz.ently

_'freqtmttozedtnethistypeofvanatlmtomgnlﬁcantlevelsvdm g
g’meomsmersu:eval\nofx(cjbaldlaperrm, 1975). »Bowever, unne?
"andfecesdostmdmnmlamumpattems ’J.h13potetmt1.alprc£lan |
:mscvmbystardmeathattMSmetureoftteday..\-v.H.’
"memter-anmalvanatzmobservedmthesea:pennentsmsmn]arto
.,that@ervedbyothersmstudlesofgolde:met:mmbothanmalsand
.'nan(GottlJ.eb,1977)*'Bms,nyestumtesofx,ttbughobviouslyA | |
“est:matesarewmunthemxgemportedbyoﬂers (Gerber, Paulusetal., -
",1972a- Harth, 1974; Walz, Grlswoldetal.,1980) IR

‘ 2 : : @

-



Alttn;ghmrresultsmdlcateunneastlepmaryrwteof

ns - ,: -

ehim.nat:.m of soluble gold-cmplw ,—a—s:.gm.f:.cant—anmm ~-;—about
6-8%ofthedose J.sexm:etedmthefeces Blllarysecretlmmto
."thegastrmntestmaltractcouldccntn.blrtetothls ;eveml |
.-".1mest1gaborshaveexanunedﬂ1eb1harye:mt1mofheavynetalssuch
as mercury (Norseth&Clarksm 1971; Cherian & Vostal, 1973), lead
' (Klaasen & Shoeman, 1974), and cadmium (it & Tichy, 1974), but few
'_havestudledgold W!meedra;nageoftheb;lechctwasmsﬁtuted
':mapaumtbemgtzeatedwlthm,1essthanha1ftheammtofgold o
_fomerlye:a:retedmthefeceswasrecove.redfmnblle (Kapelmltz,
"Nelpet al., 1964).. In aonnre recent study in rats, blle duct can-

" rulations perfornedbeforetheadmm.stratlm of atrranofms}nwedthat
'.'enterdaepatlccmlatlmmsmtthecauseofﬂeelevatedserunand 5
" blood. gold levels observed 24-48 hrs post-admm.stratlon (Walz Gnswoldf"" |
»_.etal.,l980) Nosm]arstudleshoweverhavebeenreportedform ' | ‘
‘or.other J.njectable gold ccnpounds ANI‘I‘ is a: cholestatlc agentDoses
ipmemessoflsom/kgmdmemharystasm, ccnpletew:.thm24hr |

_and last:.ng 3 tO 5 days (Plaa & Prlestly, 1976) If gold were e:ccreted o SRR

v1a the bJ.le ANIT would be expected to reduce thJ.s unt:Ll blle flowi..

m e s, e g ot e m;ht .
( f In t:he First 72 hr, s:LgnJ.fJ.cantly mone gold was recovered fmﬂ:

= ur:.ne, and s:n.gmflcantly less frcm feces, of tmated rats than : L
| v contmls. This 1n.1t1.al reduct:.m in- fecal qold ccntent appea.red t° .

_’_b_correspaﬂtoareductmmthemmtoffecesemcretedbytreated

‘_rats,arxithegreaterexcret:mof\goldmtheumxeattlustmemay



ng.

have been cmpensatary After 72 hr, the amount of gold in the feces
was- sm:l.lar for borth treated and control rats 'I‘hus the amount of gold B
dlexcretedmthefecesappearstoberelatedtotheanmmtoffeoes k

‘:Aprodﬁced and the blllary tract may part.lca.pate :m the transport of gold
J.nto the gastromtest.mal tract The relatlve omtrnbtrtlons of b:.llary
sem:etz.m and transport were not measured because bJ.le duct cannulat:.ons A
InammalspretreatedmthANIT,meanvaluesowaerenot&g—f :
DISOIATICN AND MC'ATI(N wmmm L

S SJ.noe the dlsoovery and cha.racterlzatlm of m' th:Ls unJ.que l m. w.;_
_"cytoplasmmc metal—b.mdmg protem has rece:.ved nuch atbent:.on.' In varJ.cus
.-,.-~am.ma1tlssue51ts synthes:.shasbeenmdlmd (atthetransc:rlptlonal ‘_ b
blsmthandzmc (Kagl&Nordberg 1978 I"oulkes, 1982) Gluco- - R
:"‘?cortlcoldlnmuxeshavealsobemshmntoregulateMSynthes;s -
i (Et:zel&cousms, 1981) 'Beseobsenrata.mssmgestﬂ:atbﬂ'hasan :
mportant altbough as yet undefuwd bJ.ologJ.cal ftmctmn._ ,'Ihe n'ost
m.delyacoeptedproposallsthatmﬁmctlmsbothmregulatmgthe
netabollsn and pameostasis of the essential metals and as a detouafymg
aga'rt by sequester:.ng tox:l.c metals (Kagl 1980 Whanger Oh & Deagan
.,11981) | Gl \
| Gold(III) hasbemslmtoelevatetheanmmtofbﬂ‘mrat—kldney

. (Dbg:l.lrucka & Pmtrowsk:. 1977 1979) ’énd lJ.ver (Wlnge Pratalqmr & R

;Rajagopa.lan 1978) bu.rt Mr—mducta.m m respcnse to gold(I) has not yet ’
heen dam:nstrated (Turkall manchmesreber 1977 m:mpsm Blaszak :



et al., 1978) If snall anounts of gold(I) were capable of :mduc:l.ng
. Ml‘synthes:.s, thlsmghtexplamtheredmdtoxlatyobservedmsme ,

pat:.ents reoe:.v:.ng 1ow doses of AIM/AEG at the begmn:mg of treatment

120

(Lawrenoe, 1976) Anothe.r pOSSJ.bll.‘Lty 1s that protectlorn agaJ.nst chroruc

e tox1c1ty of gold mlght be conferred by pre-treatment with Nﬂ‘—synthes:.zmg "

agents such as z:.nc (Mason, Sharma & McQueen 1981)
AfterexposuretoAm,fract_lcmatlonofllvera:ﬁkldneysuper
-'_natants by gel penneatlm chranatography resulted 1n the separatlon of

three peaks as has been reportedby others (Iawscn, Danpure & Fyfe, 1977~ '

'l‘hatpson Blaszak et al., 1978) The fJ.rst fractlon, elt:\rtJ.ng at the »
| ,"colum void volune, corresponded to h.m.w. protem (s) 081 > 70, ooo
_'fdaltms) C!m:matograpl'uc behav:Lor of t.he second fractlon md:.cated the

N

'i‘jpresenceofaprotemw:.thamofaboutzs 000 daltons ThJ.s fractJ.on :

wasalsotl‘n:ghtto conta:nbﬂ‘smce absorbance at 280mnwasreduced

J.ndlcatmg a prote:.n w:Lth fewor no a.tanatlc anu.no ac:.ds However, R

. omf:.rm the presence of MI‘ J.n Peak II, extens:.ve punflcatlcm of thJ.s
"ﬁact:l.on wou]d"be neqm.red before concluslve tests such as measurenent

._"of cyste:.ne c&mtent, axm.no ac.1d analys:.s, and gel elect:rophoresw, could -

Z'"‘;'ofth:xs fract.lmasm?wasmtpossmle PeakIII, _thelastfractlon ﬂ
elm:ed fzan the colunn, was found to contaJ.n predanmantlyiumo ac1d
proteJnasPeakII, andPeakIIIomtamedaJnnst:me However, mall
three kl.dney supernatant fractmns,\ gold oonoentratlcn was cons:Lderably

.......

h:l.gher than m the mpaﬂnzg fract:.ons of the llve.r supernatant. . ,'\ o



e

'Ihese data suggest that kldney tissue has a much greater afflnlty for
L 4
gold than l:Lver, and oornflms results (unpubllshed) that we observed

when autopsms were performed on rats 72—120 hrs after adrn;nlstratlon of

121

-198:

ANITand AuA'IM Afterl4 weekly J.njectlons ofAT.M protelnandgold

L oonoentrat:.ons for all fract::.ons of 11ver and k_1dney supernatant were

' not J.ncreased 'I‘hus, adm:nlstratlon of. gold for prolonged perlods does

. notappeartomducethesynﬂlesmofm-hkeprotelnsmthellveror
| 'Jkldney, even though these organs have been reported to ooncentrate gold
(Block, Buchanan & Freyberg 1941 1942; Swartz ChrJ.st:Lan & Andrews,
'1960 McQu.een & Dykes 1969; Gottlleb, Sm:Lth & Smith, 1972a, Kamel
Bmm et al., 1978b Mason 8 KJ.ngsford 1979) |
| In sunmary these mvestlgatlons have stwwn

_';1';;-_'1hattheen:ret1cmofAmJ.nurmeandfeoes is dosef
... . dependent, the amount excreted be:Lng d:Lrectly pro—

"portlonaltot'hedose adnumstered _ s

: 2.-»3'Ihatrepeatedadm1mstratlonofAﬂlVImayJ.nduoean -

L ;apparent" increase 1nK ' i o T e

3_,".‘.','IhatANITredwes fecal excretlon of goldn.nthe =
o -'fJ.rst72hrsprobablybecauseofaoonst1patJ.ng
' effect. A campensatory increase in urinary gold
-»«.'_‘excretlonlsobserveddunngﬂustmeperlod. .
~After 72 hrs, defecatlonand fecal gold elmmmtlon

o 4.._' Tl'nt blllary secretlon of gold may- aooount in part
'jv-_for the excretJ.on of gold in feoes, and S

B S'mat a Lmow. gold—blnd:l.ng proteJ.n, resenblmg l\ﬂ‘,
L can be J.solated fra'n rat-kldney and h.ver cytosol

~r

»

W
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