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*\ The role of the adr®nal cortex in the action ‘of gold

) ,///ﬂ , ABSTRACT ’ ‘ ' _—
N s | "‘ . | l - ! L

-
!

therapy yin rheumatoid arthritis has been investigated‘oy

-deternlnatlon of cort1501 levels, cort1301 b1nding to plasna

)

proteins and transcortin binding capacity ‘ and afflnity» in
? . . .

pafients!' plasma. No effect of gold therepy'.on these"

parameters could be found inm patients nevly '’ ihitiated to

z

chrysotherapy before or durlng gold treatnent, in:matched

patlents where one patient was reCelvlng - gold vhlle tbe

other was receiving other forms of therapy. for rheumatoid

arthritis, or in patients at various stages of golad therapyt
~ : " v (
as measured by plasma gold level.

For - the s@%d}‘~of transcortin binding parameters, a:-
. . b - ' - . ' ° - - \‘
competitive  adsorption technique vas developed by -

/_)

modification of previous methods. Approaches tQ resolution

s

*b«;Of binding parameters from data for two binding coﬁponentsk~

this type of data have been written. o

have been ,considered‘ and computer pragrahs for resolving

’ - t

. : -
Skln, halr, nail and blood gold 1evels vere deterniﬁed

by flameless atonlc absorptlon spectroscopy in patlents who

-

- had recelved large total doses of gold., .ngher skln golqg‘

ievels, ranglng from 53 to 140 ncg/g were found in spec1lens

\ﬂ Vg \ . M .' L. .
R SR -/



from patients eﬂhlblting chtysia51s, thgn ‘in patients not
showlng dhrysias1s vho had skin gold levels ranglng ftOl‘7‘5'
to 38 lcg/g. In the latter non-chrysias@s groupv‘skin gold;_.

levels uere Nstroeély cbéréigféaAiéiQL>-§Aidﬁ d;sefmrete; ?m
expressed as mg gold per, veek. - Chr}siasis psﬁienfs had?
lhlgher skin gold levels than expected ﬁased on their_gdla

dose rate. Concentsations of gold'in hair and niils _were
l 0;2 to- 0.7 and 1'te 4 ncg/é}lresbeetively. Piasma on serum
.gold levels veée 0.6 to 2. 9 ncg/g wvhile red hlood cell gold ;?

.-ués 0 15 to 0. 9 pcg/g. T : - : ,H;;
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.. INTRODUCTION




o]

‘Gold has a long history of us¢ in medicine.” Ancient
“~man from several cul“t.ures‘ _thought' gold had the ability to
| prolong llfe. Pllny reqorded early medical uses of gold ‘as

a cure for llchens of the face, henorrhoids, warts, putrid
‘“sores, uPcers,AaLd as a purgative (Slit, 1968).' Through the
ages gold continued 'to. be valued as a lediclne:‘_ln the 1918
hUnlted States Dispensatory gold uas listed as ' being useful
fin3' treatment of chronic nervous disorders, 'epilepsy,
'

alcoholisnm, hysterla, chronlc nutritional dlsorders, anemia;

dysmenorrhea, ovarian - 1rr1tat10n, chronic uterine

inflamnation, syphilis,  lymphatic swelling, lupus, diabetes

:mellltus, tuberculosis and.chronic rheunatism. There was

little rat1ona1 basis for any of these uses. Today'gold is

sof lesser 1mportance in ned1c1ne, its ch1ef use being in the
treatuent of rheumatoid arthrltls, although it is also. used
as ‘gold' leaf 1n the treatnent of decubltus ulcers, and as

'-19°Au 1n nuclear ned1c1ne (Smlt, 1968).- . o !

T o ... ) . \;n\

e i /

The.value. of gbld therapy in rheumatoid arthritis has

been controver51al but a 'multicentre study by the Empire

- T ¢

+
.

Rheumatlsm Counc11 (1961a), recently conflrmed by .<:;iouble

 blind study in the Unlted States (Cooperatlng

Committee, 1973) has establlshed that gold 1s effectlve-.in'

controlling rheunat01d arthrltls. The mechanlsl hy vhlch

‘v—.'o -

L .
gold produces thls benef1c1al effect 1s Stlll unkhoun. uany

preparat;ons of Fold have been developed wlth the .aiu‘ of

inics’

,'/ ’
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/

/
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optin121ng the therapeutic ratio. hovever it appears that it‘
is the content of gold . vhich is responsihle for both the
therapeutic and the toxlc effect of the preparations
(Freyberg, 1966). . Today ; gold sodiuk: thidmalate and
enrothioglncose are used almost erclnsively in Conade and
‘the ' Unjted States, while'gold sodius 'é‘nibéi‘iI?é"‘i’“é"nséa. in
gone parts of Europe. A1l these conpounds must bde given
parenterally. Recently Snith Kline J%d French bave prepared ~
"chloro(trlethylphosphlne)gold vh;ch is veil absorbed orally‘
and is as effective as 1ntranuscnlar gold sodium thiomalate
Ain suppre551ng ‘the secondary leslons of1;djuvant arthrltls;
’in rats (Walz, 71972).
Toxicity to goldptherapylis'éuite.highvdsesbx)v(beyler;
1968) ;however  with careful” monitoring 'of-i petienfs-
‘chrysotherapy is quite safe” ‘since relatireiy_minortside
.effects usually precede serious tox1c1ty. 'Tvo espects of -
gold tOIlClty forn the ba51s for this the51s. _First;
tox1c1ty has freguently been assoc1ated °v1th a successful.
response to- gold therapy (Bayles, 1956;‘ Copeman, 1937‘
FreyberQ; 1966 Kru51us, 1970). ThiS'iay‘be meanlngful in
terms':of the mode of actlon of gold P whlch nay be via a
:streSS , reactlon ‘end_‘_e _ subseqnent 4_§ctronv"on ‘the _
adrenocortical systen.‘ .Eecondly, _one of the- rare~side'f
effects of gold 1s chry51a51s, a plgmentatlon of the ‘sbin

_(Everett, 1972). | The .cause _of th;s plgnentation bas not“.
. : ‘ b . - ' " “;,.1“
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ctdal depositiod of gold

a © ) »

been established. It may be ‘the
* " r C . 4 ‘ ' ‘ 4 .
i'n,‘"thé(“{_"sl;in.‘ ‘These two aspects of gold therapy form the
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R. POSSIBLE MECHANISMS OF ACTIQN FOR GOLD

3

The‘meohanisn of‘action or gold in rhehlatoid arthritis
is not known; however nany di erent ‘hypotheses ‘have been
suggested. The etiology of rheumat01d arthritis is nnknown
and this further compllcates ekplanatlon of the beneficial

._effects of oold Theories vhich have been put forvard to
‘account for the etiology of the dlsease have” been jrev1eueq '
‘by. a number of authors (Weissmann, 1972; ZVeifler, f9655
'Zvéifler, 1970; Rodnan, 1973; ,Zlff, ‘1973). ' From_pthese
reveiws it appears that the theory that rheqmatoid arthritis
is an auto—i;mune *disease or ;h 'imhunological- diseese
initiated by some unldentlfied infectlve agent can partially
explaln the ‘pathology. Some unknovn 1n1t1at1ng agent —uhich
may' be an infectious agent: (eg nyqpplasma or a»yirusl;

possibly a'denatured'immurogiohulin (eg IgG from the _joint)ﬁﬁ

acts : as a stimulus for the formation of IgG in the joint:

. This IgG stimulates. the ptoduction of rheumzfoid Factor . in

the. joint,"ahd later interacts with i 'forning';ﬁmhde

N

complexes'which"fix‘ and actlvate complemeémt lea&i g to
liberation' of various actlve products lncludlng chenotactlc
substences. These attract polymorphonuclear S ieukocytes
(PHN). vhich inéest~-the' imnune conplexes and in sone way
_release lysosomal hydrolase enzynes. These énzymes cause‘
1nf1amnatory destructlon and prollferatlve changes in the ;

j01nts perhaps producing- partlally denatured protelns-_whlch

-
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. act as antigens s nulating.the further synthesis|bf.I§G,end
perpetuating the pcle of destruction even after .the
- disappearance of the /initial Cause; - Large anOunts of
fibrin, ‘fibrin split,_products and fibrinegen ‘are also
present‘in inflamed joints and are ingested. by PuN. Geid

nay act at some point in this cycle or nay act fron anotherr'>

I

part of the body ahd interrupf the cycle thus produc1ng its

v

beneficial effects. With this brief theory of the causation,
of~‘rHeunatpiq arthritisq.ﬁnn) as a fnanework, previous

investigations wvhich have been aimed at eludidation of - the

mode of action of gold will be discussed. I

AN /r’ N Lo
¥ LI

v

o . _ o ,
Gold compounds have a bacteriostatic effect against

2

several' bacterial . spec1es - (Mycobacterium . tubercufosis,
Staphylococc1, Streptococc1, .~Spirocqpete;;i uycoplasnes)
| (Nineham, 1963 Hartung, 1bu1a; Davidsen, 1§66- Steuart,
5969 narmion, 1961). The antibacterial act1V1ty og\gold is
usually reduced in, the presence\of blood or plasna probgblyl
due to protein binding of gold (Ninehan, 1963). _ Treatnent‘;‘
ofi infections " in nosﬁ; cases - reQuires near toriclddses
kqineham, 1963}. Gold sodium thiomalate can.prevent4but\net_
'cure”henolytic'streptocoqgal arthritis. in- rats (Rothberd;
419u1).;e Gold compeunds-“can.»cure“°mycoplasma1'_induced
.varthritis but this cure- is oot  due antibacterial.'aétion
since gold sodium thionalateﬂin this study failedlto inhibit

growth of 'nycopiasma in cultures.nor did it'éttenuate;the’j
'3' . . . < . o ‘ ' )



arthritis ' producing potential of aycoplassa grown for -

C Co .
several ' generations in the presence of .gold (Sabin, 1940).

The necessity of gold in #the molecule for anti-arthritiq-

. . g . . o0
activiﬁ’- ¥as shown by Preston (1942) using this model of

arthritis;?hwGold sodium thiomalate (Au-S-)° and gold- -

susciniaidosurate (Mi-i<) were able to cure the arthritis;

vhile nongold analogues“(gpdiﬁh thionalate, disulfide sodiunm

thiomalate) could not.

Gold sodium thiomalate does‘not.affect immune responses

in treated animals in -certain types of assajs. ~ Deldyed

—

hypersensitivity reacticn to éiphtheria téxoid and
-dinitrochlorobenzene in guinea p1g5° delayed*'skin reaction
to tuberculin 1n arthrltlc rats. c1rcu1ating antibodies in

e

rabbits immunized “with bov1ne ‘ serum .albunln, typh01d-

paratyphoid vaccine or Escherichia coli, or in arthritic

rats immunized with sheep red-blood'cells'were'aot- affected
byo gold (Jessop, 1&58; ~Perseilin, 1967). Syntﬁesis‘of
‘antibodies agalnst bovine serun albulin by '1ynphoid cells
4isolated from’ 1nlunized rabblts 1s inhibited by gold sodlun
;thlonalate prov1ded pre-lncubation of cells vith gold vas

done iat: "37°C, not at 09C. Cells were equally v1able wheq

'9e1ther pre-lncubation temperature, Has usedﬁy so it vas

clalmed that actlve transport ‘of . gold into the cells vas

.required for this effect (Persellln, 1963). Lynphoid‘ cells

<2
1solated fron gold treated mice 1lnunized with sheep red

°

-

d'l‘.
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blood cells showed a narked increase in antibody production
wvhereas if gold ,treatnent_ preceded ilnunization antibody
production vas_sllghtly supprossed. It appearé the response
of lymphoid cells to gold' is! phaélc, initial otilulrtion

followed by su

lyi,

ression (Scheiffarth, 1971). Thls :tasic
'ueffect likely explai's contradictory reports (Keszt a
’1956; Norn, ‘a,b). Gerber ~ (19724) has, studied the
'innunosuppressive' effect of golad in// rats using an -
immunologically 'nodiated diéeaso' (experinental allergic
encéphalonyelitls, EAE). = Gold treatnent could delay or
amelorlate EAE apparently by actinq at some stage after the
1nitia1 sen51tization v1th thﬂ encephalitogen.a In "humans
'rheudatomd factor becomes negative in approximately. 40% of
RA patients treated wvith gold (Klinef?lter, 1973). This ndyl
be related to the immunologic action of gold or . may be an
indirect i'eff.ect‘.\ I+ appears thot gold ddéé ooséqss some
inounosuppressivo activity bdi_this is,n?ch less lthan }ﬁaf; ‘

]

of cyclophpsphanidé/or‘nethotrexate.
: : '-& . | |
& Immune 'conpler ~forn"a,{:ion io"rhe rheu‘iatoid ,\joix_r.t‘ lo'ads
to qctiﬁatioﬁ of conpleméotﬁand liberation of 'blolodic;llyj‘ :
activo substances. Mizushima (1965) has shown - that 1fnlzed'
gold (asvluC13.HCl) has anti-coqplenentary activity at goldf g
concentratlods of 10—-+n. These vorkers also showed/;hat - ’

aurothioglucose inhiblts ‘the actlvlty of, a“necrotizing,/
S : 8 i

factor " which lﬁy be one of the.active‘substances released -

N o : - ' B
> ’ ) . " .
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during immune complex fornation.' Another active suhstance‘“f
released during~theoanti§en antibody reaction is hiqtaline.‘

- In yitro release of histanine by isolated rat- ﬁeritoneal
" mast. cellsfchallenged with sgzcifié'antigen is inhibited‘if
the animal is gre-treated, during sensitization,, with gold
'"sodiun "thiosulfate (25 'ng/kg/d x'3 d)..'~ The effect is‘not"""

'~ one of decreased antibody production )since serun from."

"treated rats can pa551ve1y sensitize untreated rats, ris _k
it due to decreased concentration of nast cells or decrbaseds=.-
1 histanine content of ! the ~cells. - Inhtgdtion of histamine
‘release nust »occur through ‘inhihitiégﬂsof the antigen
antibodf reaction, perhaps by inhihitionf of: sone ‘enzymes
involved (Norn, 1965,_‘1968b). The response'of isolated
guinea pig jejunum to histaaine is f%hibited by 2 2:10-4H n/}
’gold .sodium thiomalate, Suggesti#g an antihistaiinic effect.

of gold (Trethewie, 1970). T

Fl

c

polynorphonuclear leukocjtes:rhich are attracteg,to'the

rheunatoid joint-‘bj chenotactic substances, ca££} out |/
\ phagocytosis. Gold sodium. thioialate; (SrlO;GH) has b .
shovn to inhibit phagocytosis of starch granules by PHQ\ |
(Chang,' 1969). Jessop (1973b) has" devised a 'skin-windou' \\\\
',technigue for in ?;_o assessnent of phagocytic activity of *
nacrophages and PHN in hunans. ) Using this techniQue he
shoved that Phagocytic activity wag'elevated in RA but vasf

,lowefed to norsal by gold therapy. . L - ‘Z

@
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Phagocytosis of immune complexes by PMN may lead to
damage to 1lysosomes and increased release of hydrolase

K

enzymes which cause destruction of tissue.  Rheupatoid

JURRECRR

synovial ﬁémbr%he has been shown to have ele&ated inosonalf
enzyme ‘activity “‘compareé to normal Y tissue (Goldfischer,
1967). Gold is known to inhibit the ‘activity of many
enzymes 'prosably through rgaction with sulfh?dryl'groups in
@he enéymes (Table 1), The'aélivity of lysosomal enzynmes,
such és acid phosphatase,~be;a-glucuropidase, cathepsin, is
iﬁhibiped by gold-goncentrafions readily atiainaﬁié;f&ﬁfiﬁ§~
therapy. The’ﬂreduCed tissue destruction, :esqlting.from

inhibitidn_of lysosomal enzymes by gold and hydrocortisdne,
vas shown with chickv;synqvial cartilagé.biosynthéticaliy

R

laﬁellea with 3Ss. These dgugs';educed the release of 3Ss
caused by the Hesfruction Qf'cartilage/by lysbéomal enzyles
from‘:heuﬁafoid Synovia (Havkins, 1972). .Persellin‘ (1966)
showved that'mactophagea;incubated at 37°C(yith gold took up
. gold, as evidenced by inhibition of enzyme activity. Thé
proces§ of uptake appears jactivé(since incubation at 0°C
. gave no. inhibition of ﬁenzyme gctiyity. ~ Subcellular
fractionation shoved most of the acid phosphatase and beta-
vglucﬁroﬁidase activity to bé ih the 15000¢g peﬁlef.(lysosopes
' and mitochénd‘:ia)T conparédf to thgﬁ nuqiear 'fractipn' and

supernatant. The enéyme'acfivity of the 15000g pellet was

[~}
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markedly reduced on incubation wito gold; while activity in
the supernatant/ahd nuclear fraction was 1little affected.
This was htakenw as evidence of uptake of‘gold into rhe
organelles of the 150009 fractlon (likely lysosonmes). The
mltochondrlal enzyne malic. dehydrogenase was also inhlblted,
but this was.not felt ‘to be evidence of mitochondrlal uptake
| of gold. Rather it vas interpreted to be contamination of

mitochondria with gold from lysosomes lysed as part of

preparation for enzyme assdy. éaltenaa (1968b) suggested

in damaged lysosomes of rheumatoid
F}

Lhan“_Ln-naznal lysosomes. " Lysosomal

°that gold is accumulatef
tissue more: readl
damage can be produced expe(lme ally in rats,by vitamin A.
‘After this type of tr to damage* the lysosomes,

intracellular gold concentration paralleledu} damage to

ulysosomes, neasured.by acid phosphatase activlty in isolated
liver cells. 1In contrast to these vorkers‘gho suggest gold
" uptake into the lysosome is needed for maximum imhibition of
hydrolases, Lorber (1970) found ‘only extracellular vacid
oydrolases were iqhibited‘by golad.
: \

A decreased deStruotion of tissue by lysosonal ehzynes

icould’ also result. from stabilization of the 1lysosomal

menb or -as veli as

a direct 1nh1b1t10n of the enzymes, However, biochemical
studies 1nd1cate gold does not act in this manner (Ennls,

m R
1968; Ignarro, 1971). Qther nev1dence from lymphocyte

L 4
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- synthesis by sheep lymphocytes sti ula
\\\1971l. .Gold also causes an increds

_of‘mﬁltivesicular bodies in these

13

1

‘cultures suggests gold may act to stabilize 1ysosbna}

membrages. Lymphocytes, which do not normally diviﬂe, ‘'when
challénged\ with ﬁhytohemagglutihin (PHA) or streptolysin-S
.(SLS), are transfor‘;d into blast cellé. It is pogtnlatéd
that blast cell transformation may be 'triggered‘by the
rupture of lysosoﬁes énd release of their enzymes (Fikrig,
1968); Gold treatment .of RA patients suppresses the

; \‘_' v .o
blastogenic response of human lymphocytes cultured from

these - patients. Gold sodium| thiomalate inhibits DNA
@ with PHA (Cahill,
in the number and size

stimulated ljmphbtytes

possibly exerting its effect on lysosomal membranes in these

bodies a}parently in the region. of the Golgi apparatus where
_ . s b P

the membranes are formed. This is of added imterest since

synoviél fluid from RA patieﬁts, but not fluid from non RA

patients;_vwill transform -autologous 1ymphdcytes'into_blést
- /’ . .
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m:u%-mm
Acida - ¢
phosphatase

uoawancnoawmn‘

-ase

"Malic de-

hydrogenase

Acid
phosphatase
Cathepsin
B-glucuronia-
-ase T

o~

Acid

hydrolase

Acid
phosphatase
B-glucuronid-
ase -

L4

Cathepsin

.

R

Source

guinea .pig =«
peritoneal
macrophage
lysosome

guinea pig
peritoneal
macrophage .

‘mitochondria

rheumatoid

synovial fluid

rabbit liver

lysosonmes .

m:m:amnowa
‘synovial

fluid

rheumatoid
synovial

fluid
extra- and
intra-

. cellular

+.. Function

*

Amwnwowmwm4.

rwmhovmwm

hydrolase

:wmnowmwm.

. "metabolisnm

hyaluronic
acid
proteolysis

Conc Gold

1.25x10-3M
threshold

5x10-3M -

50%
inhibition

5x10-6M
25%
inhibiton

mxdolwz_
9x10-6M

TABLE 1 EnZymes Inhibited by Gold -

Comment Reference
inhibit if \.mmnwmwwwb
Au incubat- (1963,
tion at 379C. 1966)
not at Q°Cc - o

) )
non- Ennis
competitive  (1968)
block -SH Lo

Lorber
.. (1968b) ,

vwmvmnanozn. mmﬁﬁmammv
to inhibit. (1968a)
extracellular .

_enzyme

-



‘Enzyme . X

‘ Acid

1
!

phosphatas
B-glucuronfid

‘-ase

Acid .
‘hydrolas

‘Acid

phosphatase

Tryptophanyl

tRNA _
muuwvmﬁwmm

Glucosamine-
6-phosphate
transamidase

" Glucosamine

6-phosphate
mw:wrmnwmm

Source

.mmww_&nmm

rheumatoid
synovial fluid

‘dynovial fluid

mnmscvonwwmm

rssmn
mvwnmnapm

rat
granulation
or liver

. tissue

adjuvant

arthritic .
rat liver

.and granu-

lation tissue

©

.q»mrm 1 nonww:am@

%

Function nonmvmowm 
hydrolase 1.25x10-SH
no effect
3x10-s5m
hydrolase
\
/,.
synthesis of 1.25x10-%5M
mucopoly~- threshold
saccharide RN
of connective - !
tissue B
synthesis of 10-4-10-5M
mucopoly- S
'saccharides

oosamww.

< Au inhibits

o T (1960)

wmmmnm:om
.hdnvmn.
extracellular- ndoqov
- hydrolases

. t
Penneys
(1972)

-

- - Bollet

~ Fujihara
- (1971)
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-Enzyme Source:
‘Glucosanid- non- .
. ase ‘ rheumatoid.
synovial fluid
 BElastase human
: peripheral
) - granulocyte
- ‘lysosomes
. Pyruvate -~ - pigeon
oxidase ,JW//Junwwa
~ .Choline~ horse
- esterase serum
‘Protyrosinase | . -
Tyrosinase : . ]
\.

TABLE 1 continued
Function . ‘Conc¢ Gold4# Comment’
hydrolysis’ 5x10—+H non- = ..
of amides. oo " competitive
.~ L R N N . - N
.h,o“r..
_mwmmﬁww.ﬁwcnm.wxdom@z Anhibits’
.degradation x10-3M .. . elastolysis
- solubilization , and estero-
of basement - ~lysis
membrane E : i
.o ) ° Q,
hydrolysis of 2x10-3H .
.acetyl. T 10-20% ‘WF)
choline inhibition - -
N ’ :
: . 6x10-8N ‘activation
) .. 5x10-7H . :

/
!

- Reference’

~

‘\m

Caygill
(1965) .

Aumuomm

m_ﬂumﬂoyA

&roammos
(1947) -

mnoa&m#

C(194y)

Y

moawum
-(1943)
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Several other enzymes affected by .gold are of
. v ) . -".' s _ . . ,
particulaff interest "in RA. Granulocyte elastase, another
‘.p0551b1y destructive enzyme which is inhibited by’ gold

probably has ~a role. in; elasticy~fibre degeneration“in'

.

-.arterltls (sometlmes seen in- -RA) . and may also have a broader“gﬂmﬂ_

ﬁolé"ln _1nflalmat10n (Janoff,l 1970). The prollferatlve‘
: tage of 1nf1ammation manlfested hy hyperpla51al of the

nov1al membrane mnay be 1nh1b1ted by gold through an actlon
on enzymes 1nvolved in connectxve tlssue .synthesms.
..Inhlbltldn of glucosaminé-6-phos ate transamidase has’heen

' demonstrated (Bollet, 1960 Fujlhara, 1971) .

- Gold  as gold chloride, gold sodium . thiomalate
(2.5x10‘3u),'o"igoid sodium thioSulfate (3x10**u)ninhibits'-
nrespiration in rat llver and kldney ' slices; (Block,

1945; 19u8) and is dapable of uncoupllng oxidative

phosphorylatlon in_._resplrlng . rat ‘llver_ mltochondria-

-

_(thtﬁhouse,'1963, 1934);

‘\
As part of their destructive ‘action ‘the - released

lysosomal enzymes cause denaturatlon Cof proteins :some./of

: whlch may serve as antlgens st1mu1at1ng further synthe51s off

"IgG and perpetuatlng the 1nflammat10n.‘ There ;is' some“

'ev1dence to.suggest that gold may att to alter the manner 1n"

',vhlch proteln is denatured.‘ Bov1ne serum albumln denatured,

'by heat 'in the presence of . gold sodlun thlonalate is m re’

°
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viscous than the protein denatured in the’ absence of gold.

'Suppressioh of 1ntermolecu1ar disulfide’ .bond formation
. \ a o ,o. B .
during‘denaturation is associated with a rise in v1scosity.

)

 When |urea 1s used as a denaturlng agent, agents which react

uwitn sulfhydryl -groups preVent thé rise in v1scosity._v],

“normally .associated vith this denaturation. aoldgprevents
'this‘ rise 'in. viscosity | when urea 'fis< added. The‘
concentratlon of gold required for these effects is 2:10‘7n
(Gerper; 19§Q).- Copper-catalyzed heat aggregatlon of hunan.a
gammal globulin ‘is ’1nh1b1ted by gold sod1un thlomalateﬁl
'(ux10—fﬂ; (Gerber, 1971, 197“). anis type‘of-aggregation of‘
'ganma gla£ﬁ1in may“tate place~slovly ‘in rheumat01d j01nts

and may bgu interferred wlth by dold therapy. Gold sodlum_

b

C thlosulfate treatment of rats causes 1acreased cross linkage

of collagen- protein 7produc1ng a' protein wlth decreased '
lability to denaturation” and enzymatlc degradatlon. Thlsi;
,;éy béb.related 'tow-immane .perpetaatlon.; of :rheunatoid
,arthrltis by 'reddcing the. amounty of degraded protein, a
':p0551b1e antigen for contlnued synthe51s of antlbodles and
‘contlnued 1nf1ammat10n v(Adam, 1965,. 1966, 1968a,b). |

1;;;9 incubatlon of collagen f1bres ;1th gbld wlll 'producel ;
‘ slmllar effects prov1ded gold is present in an ionic forn
.'(gold chlorlde), or if the gold ls'ﬁggnionic_v}goldv sodium
thlosulfate)' 1f it is flrst oxidized. ' ig gizg;;it‘lsj,
=%P9995ted that goId sodium tnlosulfate f;rst conplexes. with

_the‘proteinfand then.slouly the_thiosulfate.isﬁdisplaCed; by“

/
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protein = side chain groups, leaiing“gold free to crosslink

1968a) . Gold thiomalate, (10-3 to

collagen f1bres (Adanm
10—-¢6H¥) does not 1nhl;itjhhe synthesis of collagen‘protein,in"

\granulatlon tissue so does not in" this way-interfere with

"Lthe_pr ferative stage_ of rheumat01d arthritis (aalto,

©1972) .. The elncreased degradatlon" of collagen.cadsed-by

parathormoheliks ‘prevented by gold. (Burkhardt, 1971) .

Circulating levels  of other proteins are reported to be

altered.'hy gold Ltherapj.‘ Successful gold therapy of

“rheumatoid arthrltls results in decreased albunln, alpha 11
.and alpha-z-glycoprotelns and lncreased levd.b \Qf beta?
glycoproteln,. while invpatlents ;n whom gold:therapy caused -

no improrementxalpha-1-glycoproteins are increased and'beta4

glycoprotelhs are decreased (Bernacka, 1966). This is of

;nterest//!hen 'thev transport role of these proteias"isi

‘remembered. Elevated levels of f1ve glycoproteins in:

rheumat01d arthrltls have been reported to be louered to

j‘normal levels by gold therapy (Rau, 1968).

..

‘A polypeptide has been'isolatEd Hhichlnayd function to“

-

'initiate'the-transitiontfromftheeexudative.tO‘the<reparative-

phaSe‘ hof' ihflammation}.hy inducin§ hypermetabollsm__in

‘synovial cells. Thls p0551b1e p01nt of | 1pterference 'wlth

the dlsease process is susceptlble to’ 1nh1b1t10n by several

antirheumatlc.drugs including cortlsol, phenylbutazone, ’and

’

‘acetylsalicylic acid_but not gold (CaStor;;1972),”-_.

o

:.L" ‘:;; ‘\\ ‘



The suggestion that improvement in rheumatoid arthritis

" can occur through "enhancement of blood fibrinolysis and

LY

subsequent removal of fibrin fro- 1nflaned tissue -has heen
made.~ i Gold - sodium Lln.osulfate therapy _ rheumat01d"'
arthrltls does lead to enhanced blood flbrlnolytlc act1v1ty

~'and concomltant reduct1on in alpha 2- globulln and plasma

?
fibrinogen levels (Andersen, 1968) . The_decreaseﬂln alpha-

2-globulin may be the indirect cause of accelerated
: . [~ .

f1br1nolyt1c activity by lowering antlplasnln effects.

o
g

The amino acid tryptophan has been postulated to minmic
certain polypeptidesquhich protect tissues‘from,inflanmatbry
insults. In 'order to exert' this. protectlve effect the
peptldes must be present -in non- proteln bound form .in‘ the

plasma. Several antlrheumatlc drugs, 1nclud1ng gold, are

able to dlsplace tryptophan from its blndlng sites ;g yitro.
If displacing tryptophan from 1ts-b1ud1ng 51tes is necessary
fortthe action of'these drugs the boungd level of the’ drugs

may be respon51ble for the antlrheunatlc actlon, qulte the,

.OppOSlte to usual c0n51deratlons- that free ,drug Tis the

-

-actlyevform (HcArthur, 1971a,b);
Gold therapy has been shown to alter the serum level of
some - essentlal and non- essentlal trace metals. Holybdenum,

nanganese, tin, barluu and ce51um levels vhlch are’ elevated

ca



)

dn rheumatoid argﬁrltls were reduced ‘below the levels
nornally found in&‘saﬁthy volunteerss Copper levels  which
vere elevated in rhghmatoid arthrltie vere further elevated‘
by chrysotherapy. %}nc and ironm, vhich ‘are. lowered in
-3rhenmatoid-tarthrdtis,Fwere;pot affected'bY gold. -Essentia;r

trace metals) through their role as, Canétors, may be of
/’ AN T

51gn1ficance to enzym actlj};f Exceéées ofvﬂonessential-
: X .
as

trace metals may ac enzyme 1nhxb1tors\ blocking some
'metabplic function and producing disease. Gold could act to
‘cure this metaholic 1e51on by displac1ng the nonessential

metal (Niedermeier, 1971a b)

-2

A newv itheory of - infianmation< suggests that
prostaglandlns play a major role in the process. Debye
(1973) showed that gold chloride or.sodium aurothlopropanol

) sulfonate (10-‘ to 10'5H) inhibit the in yitro synthe51s of

.

prostaglandlns ﬁ-z and F-2-alpha.

Because of the antiarthritic effect of corticesteroids

"it has been suggested that gold mayjact wia stllulatlon of:
the pitultary-adrenal axis. Mills (1P63) and Sawyer (1964)
"shoued ‘in studles thh rats that gold 1ncreases reduction. of

cortlsone at the delta‘-3 keto pOSltlon, ‘thef netabollc :

L}

reactlon taklng place in the ret1cu10~endothe1;al (Rﬂ) cells
N

of. the liver and the adrenal. ' Heavyn metals are in . some

casesw renbved,‘via the, RES ,syetem resulting in powerfhl

t . . . ° . : g
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stinulation/of the systel vhich could explaln thel enhanced
metabolism of steroids. Ihis study revealed no effect on

'adrenai synthesis of corticosteroids < per unit- weight. of

adrenal tissue; however there vwas an increase in-adrenal

“weight: which->woulderesult{iin" anr~overall-"incre€se- “in -
cort1co1d productlon. The _inCreased» -etabolism combined
with increased productlon may- balaqce out any net 'effect .

Wegg (1955) showed that gold stlnulates adrenocort;cotrophlc'

hormone (ACTH) release by the \pltultary, measured by

-

depletlon of adrenal ascorblc ac1d. Vykydal (1956) showed

P4 .
‘ gold ‘as well as blsmuth "and copper lncreased\the excretlon

of corticosteroids by rats. 5chaposn1k (1953) studylng

rheumatoid arthritis patients »receiving”gold therapy found'u

—_—
-‘and

increased excretioﬁ .of  17- ketoster01ds in male

1rregu1ar effects fin"females, uhllelgﬁoskal (1953)\found

1,1ncreased excretlon of 17~ ketosterorﬂs in allv-gold tre’ted

: patlents. ‘Bruce (1952) was able to* flnd no marked ef,.

17 ketosteroid excretion durlng or -ﬁfter ‘gold therapy

compared wlth pretreatment excretlon. Estimates‘of urlnary_

17 ketosteroids are howvever not a. good lndlcatlon o 'adrenal

cortex act1v1ty because the level is 1nfluenced by ecretion

of 17-ketosteroid by the gonads and ‘is also influenced by

kidné% and.liver function. thle our" study uas 1n progress

Kirchheiner (1973) reported determlnatlon of plasma, plasma“f

ultraflltrate and tlssue levels of . cortlsol- rheunatoxd.

e,

artnrltls_ pat;ents, treated with gold. ”Tissue leve s of

Te
!
x,
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cortisol dropped significantly (51 ng/q to"20 ng/g) when .

"pretredtnent levels vere conpared to postreatnent levels.

dPlasna and plasnma uléraflltrate levels vere not effected.i

) Reductlo!\ in tlssue cortlsol level was, not correlated vith

.7rate of'inprovelent of rheunat01d arthritis '« The change in

tlssue cortlsol may have been due to gold treatnent, due to
improvenent in ‘rheunatold arthritls, or due to some other
factors. Gronbaek (4960) found elevated Na/K 'ratios in’
sweat of rhenmatoid .arthritis patlents after gyld.therapy-
cohpared to the same .patients prior to gold'_therapy. This
was taken as e:idence‘ against gold .stilulation of the
’adrenal cortex and may even - 1ndlcate blockade of the adrenal
cortex 51nce adrenal cortex stlnulatlon 1s " associated. 'vlth
. decreased .Na/K in sveat and 1nsuff1c1ency of adrenal cortex
functlon -with 1ncreased Na/K. Changes 1n sweat flow, or in

’body temperature d1d not occur with gold therapy so could

‘not: exnIZ;h the altered Na/K ratio. ' S .

h o = .g_ﬂ 4 i
~B. THE ROLE OF THE ADRENAL CORTEX IN RHEUMATOID ARTHRITIS .-

.
i

Function‘of the hypothalamic-pituitary-adrenal,axis.(d*

. P-A) is not'grossly'altered by rheunatoid. arthritis‘.(ﬁill,
'1966); ‘however subtle changes do occur,_the 51gn1f1cance ofd
. vh}ch rs dlfflcult to establlsh.v Sone -authors feel the
L;;hanges seen in EEEunat01d arthrltls are not unlgue to.thls

disease but are secondary.,to any- chronic - disdase. The

-
4
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response of the adremal .cortex'-to; adrenoébrticotrophin‘

(ACTH) is normal when neasured by circulating levels of 17- N~
hydroxycortiqoste:oids _(the chief sterozd of this group is

COrtisol) in adults or children Htth--rheunat01d arthrltis

) f(BirKé,““1958: '€§11;2j961f:ﬁughes;*%962). in'children with — -
" RA,, ACTH caused increased: plasna leiels 3f corticgggprone‘
uith a nornal cortisol response suggestlng shunting of more
precursors 1nto the m1neralocort1c01d side of the ster01d
\blosynthetlc pathway (ﬁlgure _1); ACTH st1nulat10n of B\
patlents resnits in a louerﬁthan normal excretlon of 17-
hydroxycortlcosteroids, tho a’ 1esser extent decreased
excretlon of 17-ketoster01ds,~ and 1ncreased *excretlon of

aldosterone- hdwever a’ s1n11ar response was seen in patlents

vlth non-rheumat01d ehronlc diseases- (Birke, 1958; gjiir——

o o
e N

1966) . o

- s
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. Adrenal Steroidogenesis '
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FIGURE 1 .Adrenal Steroidogenesis. The f0110wing Tists )
: the enzymes involved.

1. Desmolase (mitochondrial fractioh of cell).
IT. 3-B-Dehydrogenase and 3-Ketoisomerase.(microsomal
- fraction). ' : .
III. 17-Hydroxylase (soluble fraction).
‘IV. 21-Hydroxylase (soluble fraction).
V. 11-g-Hydroxylase (mitochondria)>
VI. Cjg-Hydroxylase. - e

(after Di]]on,_1973f
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Under basal conditions, excretion of 17-ketosteroids,

cortisol, cortisone, and various'unconjugated metabolites

(6-beta-hydroxyeor€isol. 20 hydroxycortlsol, 20-
hydroxycor;isooe) . or conjugated metabolites.
(tetrahydrocortisone, B allotetrahydrocortisol, - cortols,
cortolones, 11-beta-hydroxyetiocholanolone,‘, }1—betaf

hydroxyandrosterone, 11-oxoetiocholanolone) is normal in
some studies (Bailey, 1966; - GEay, 1965; Hill, 4959); and
subnormal in it least a portiqh - of - RA patients in other
studies (Birke, 1958; Hill, 1959; Hill, 1966; pal, 1967)
(Figure 2): ‘The“hormal diurnal pattern of highest excretion
" of 17 hydroxycort;CosterOIds 1n the morning is snoothed .out
in RA (Hlll, 1959) . Cortlsol levels in blood of rheumat01d
patients;are normel‘(Birke, 1958; Gray, 1965; ﬁughes, 1962;
" Hvidberg, " 1968; Winter, 1966)} while corticoste}one levels‘
are elevated in children (Hugﬂes;, 1962) . The -binding of .
cortisol by tramscortin and‘ ;lbumln is also normal in RK
(Denoor, 1962; Winter, 1966). ‘synovial fluid levels of
cortisol are 1low compared to plasma but transcortln and-
albumin levels are also lower resultlng in sLnllar levels of
unbound cort;sol }n plasma and in ynov1al “fluid (wlnter,
;1966). Skin . levels of cortisol in RA and other cgllagen‘

diseases tend to be hlgherb than in non-collagen dlseases

(Hvidberg, 1968) .

6ﬁ"'-Both hepetic~ ana:, extrahepatio ‘metabolism’ = of

- B
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corticosteroids (Figure.21'is normal‘in-rheunatoid arthritis
(Balléy, 1966' Birke, 1958: Gray, 1965); except for plasma
levels of cortlsol 21-apetate which are elevated (Margraf,
1972) . In most assays this metabollte deaCEtylates dup;ng
1solatlon and is nmeasured as nonletabolized cortisol.
Because this metabollte is more strongly proteln bound than .

cort1501 itself, ‘this may reduce‘ the amount of measured

cortlsol in the active form. Secretion rates and tu;névér"
of cortisol 'are normal in''RA  (Gray, 1965}‘.ﬁilL,

1966 ; ?etefson, 1955) . . ».
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‘Relative changes in biosynthetic pathways (Figure 1) .

'haue' been repOrted in BA. These changes 1nclude decreases
. ‘ - :

fin 11~ beta- and 17—alpha-hydroxylases, 11-beta-dehyrogenases
and S-alpha“reductases resultlng tinn slight 'increases in .

) f
,»cortlcosterone»m andvg 11- deoxydortlcosterone, ‘increase ..in. . .

§

g.cortlsol relatlveixo cortlsone, and relatlve increase in 5-

_ i,
beta-ster01dsv sich as etlocholanolone (Hill, 1966-'
Mulder, 1970). -

dholoe'ofvadeguate'controls in these~typé of.studieétisg-’
difficultKSince many faCtors‘suohl as sex;_'age) state‘ of ..
.health degree of act1v1ty, drug therapy, and' time of samplek
collectlon have toNhe con51dered.' Thls 1s reflected in the;

'studles reported above hy the varlous Hays in' which controls

_uere.used. Hill (1959) attempted to be very thorough 1n h1s

rhoice of ¢ ‘trols.g Hls study vas conflned to male patlentS‘
in 51x categorles. young 'healthy ambulatory males, older

1(closer match to - the disease groups) healthy ambulatorya

'»‘males, ambulatory males Vlth actlve RA, hospltallzeﬁ males

7u1th_ nonrheumatlc chronlc dlsease, and flnally hospltallzed"

"o

males-wlth no disease. HOSpltalthlon per. se did not alter_

cOrtidoid 'exoretion; both' ambulatory and hospltallzed RA

' patientS'lost'diurnal var1at1on 1n cort1c01d excretlon."The
~_chron1c disease group fell between normah groupsv and‘\RA
groups in cort1c01d excretlon and é&ihough mornlng cort1c01d
excretion pwa _51gn1f1cantly 19wer 1n Ra groups than in

k . . - - _' ‘ ‘



‘normal groups, it vas; not 'Significantlf_ different'.from-'

"chronic -diseasergroupsg In this'study~drug therapy was not

"-controlled two of twelve hqspltallzed RA. patlents and three

‘of eleven anbulatory RA patlents vere on sallcylates, vhile
four' of eleven anbulatory RA patlents vere on gold therapy.'
.vuargraf (1972)"”used. outpatlent controls recoverlng from
51mple fractures or minor wounds.‘ The RA groups and control
B groups 'were each subd1v1ded into three groups* those on
'acetylsallcyllc acid, on prednisolone; .and on no druqs.'
fSlmllar’ amounts of cortlsol 21 acetate were found in all
vthreersubgroupspand the d;fference between ,control "ana RA"
-yas‘rseén in each subgroup. .Hughes (1?62) used hospitaliééd
children as controlsfbut did'—not conslderf drug vtherapy.
Winter = (1966) ‘used nonrheumat01d controls; Pal " (196?}
'amﬁ.latory controls-'Balley (1966),: Hv1dberg >(1968), aud

Birke (1958) d1d pnot _describe’ their controls whlle Gray

h(1965) used normal values obtalned ﬁrom the llterature. .Pal'

-

(1967) and Hvxdberg (1968) excluded or separated gatlents on;

‘ster01ds_or ACTH.vthe Llatter also separated RA. patlents'
;reCe1v1ng indouethacin from other "}patientS,- Bailey"
(1966) and Gray (1965) had .some patlents on - acetylsalfdilic'
ac1d, phenylbutazone or hydroxychloroqulne. ABirke (1958);
' Hlll (1966) and Wlnter (1966)-]made ‘nol,meution'_ofe drug

~—

ltherapy.

' C. EFFECT OF SELECTED DRUGS ON ADRENOCORTICAL FUNCTION
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. Possible alteration of adrenal cortex functlon is not

" unique to|gold. Studies'of the relatlonshlp of other‘ ant1~g:lu

\ <
_'arthritic drugs and the hypothalamo pitultary-adrenal axis

ihave beenureported in the l;terature., Secondly,‘sone of the

[ S :
-patrents of thls study wereutaklng drugs 'other thant antié

[ ¢
arthrltlc drugs' therefore a search of the llterature for

il

lreports df actions of these drugs on ‘adrenal cortex was

made. it must be kept in m1nd that toxlc doses of any drug

will' Cause alteration in hypothalamo-pltultary-adrenal
functlon. "this: ;:s< a -non- spe01f1c stress reaction, not a

dLrect e?&ect of the.drug.

It is well known that systenlc ster01d treatment of RA

a

results 'in. suppre551on.f adrenal cortex functlon (Hansten,
1971) . S%yeral-studies oﬁ long ternm (2 months to 15 years)

. R o , o i
- RA- - therapy . with prednisone,/ 'prednlsolone ‘or

methylprednlsolone (total dose 3 'to 29 g) sgoyed subnormal

";res onse of the adrenal cortex to ACTH &uriﬁﬁ"‘term{tent

sigﬁlflcant pprtlon of patients being Hlth&%@'h from ster01d
r

!or Jontlnuous therapy.' Also responses que suhntf
‘ apy (Goth, 1966- Jakobson, 1968, Daly, 1967).» Pltultary
} .

Fponse to netyrapone or lysine- vasopress1n was suppressed

irller than adrenal cortex response' (Goth,v 1966'v Jasanl,

e

'967' Jakobson, 1968). Intra artlcular sterold ‘can . have a

systemlc supgre551ve effect on H-P- A functlon. In. a study



ry S~/ 2
~using dogs treated Hlth. triamcinolone diacetate' (intra-:
| articularly), response of plasma cortiSOl to insulin stress
was subnormal (Wellington, 1970). The suppresszon of H P~A
. was not fully . recovered ti11 12 weeks after 1njectiom while
'.the anta*inflammatory effect’ 'in the jo;nt, ‘measured by-
challenge with urate crystal Qinjection,' lasted only 2.5
weeks, 5ystemic effects of _other sterozds given intra-
"articulary would dependAon tne‘solubilitf'of'tne oarticular’

steroid.

Kelley (1961) has revlewed the conflictlng research on:
sallcylate ‘effects on adrenocort1ca1 functlon concludlng
that large doses of - sallcylates do actlvate the adrenal
) cortex ﬁ via pituitary “stimulation.l ‘de 'postu&éted 'that'.
- .enhanced’ metabollsm of. cort1costerozds coupled with enhanced

lblosynthe51s may partlally ~expla1n ~the opposing results.
-Halntenance< of elevated plasma cortlcoster01d levels 1s not
Anecessary for the antl-arthrltlcl effect of sal;cylate.u
Asubsequent research has verlfled that enhanced metabollsm of
'cortlcosterlds does occur ~v1a' 3-alpha-dehydrogenat10n of -
dlhydrocortlsol, vhen sallcylates are added in v1tro to rat

» llverlw homogenates ﬂ' (Sedlak, 1972a). ‘ Corticoster01d'
_glucuronide formatlon is" not enhanced .‘by . sallcylates.

(Sedlak, 1972b) . Halckel (1965) reported 1ncreased unbound

cortlcgﬁterone levels in sallcylate treated rats whlch is

suppgrtedv by the In vltro flndlngs of Stenlake (1971) that'
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3

of . acetylsallcyllc ‘acid 'decrease ,coftisol

blndlng, llkely affectlng its binding to albuuln. In vivo

in gu1nea plgs Jansen (1971) could not flnd changes 1n
1eveis of bound 10;'funb0und certisol in plasma, . skin
‘”eOttisol,> plesma half-'life - of exbgeuous.cortisol_df its.
'uolume of distribution.  Salicylates inhibit membrnne‘uptake"‘
of cort1501 by 1solated liver lysosomes thus aholishfng ‘the

membrane stablllzlng effect of cor%asol (Lewls, 1971) .

\ 1 . S T

_’Indouethacin"does; not'alter plasme cortisol (tetaf,or
unbound),’skin'cortisol; er tne ;hakﬁ/)i@fe er‘ vdlume. of
distribution of exogenous cortisol in'guinea pigs (Jensenl

1971, 1975).v In rats-unbound,cqrtiqosterone wasﬁkincreased
by 1ndomethac1n (ualckel 1965); however in humans, | j, |
vblndlng of cortisol 1s unaffected by 1ndomethac1n _(stenieke =

1968, 1971).

-

‘o,

Chferoquine was ‘reporte@ to. elevete pLaSma 417?'
hydroxycort1c01ds ~iﬁ diSSeninated lupusV erytheuetosis '
'«patlents (ngkau, 1955)._ ThlS f1nd1ng Was not conflrmed in
-gulnea pigs treated- ulth chlorogulne (Jansen, 1972)._ Plasnma -
'cortlsol (tetal ‘nd unbound), skin cortlsol. and -cortisol

half life ~and) volume of dlstrlbutlon were unaffected by
’:_chlorogulne al mlnlstigtlon (70 ng/kg/d x 3 d)‘ F’Inﬂ\a .1999

‘term experiment using fgts dosed Hlth chloroqulne (30

ug/kg/d X 24 wk) morphologf% changes in the zona-‘fanculata
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the adrenal (Grnndgan, 1973) « . ' .

36

i

of th% adfenal corten'(the Aayer ofothe adrenal producing

glucecorticoids) suggestive of adrenal cortex. activation

vere correlated vith-naximun accunulation of chlotdQuine.in.

*

. N ' '
oy ) (2

“Phenylbutazone’(ue hg/kg/d x 3 d) treatment of ‘guinea

pigs - 1ncreased the velume' of distribution of exogenous
cortisol but did not alter skin or plasma (total and

unbound) - levels of cortisol V(Jansen, "1971). Similar

-observatidns of increased volume of distribution of

»~

4'cort1costerone in rats had ‘been reported by Maickel (1966)

ngher doses of phenylbutazone (200 mg/kg/d x 3 d) 1ncreased ’

L}
>
total plasma cortisol and volume of dlstrlbutlon of cortlsol

vhlle skin levels, unbound cortlsol 1n plasna, and hq}f life

of cortisol were unaffected (Jansen *%912). In vltro and 1n

v yivo phenylbutazone t, does ‘not alter» plasma blndlng of

cortisol (Stenlake, 1968, 1971{.* In vitro addition of large

doses (four times therapeutlc) of oxyphenbutazone to plasma

vdecreased unbound cortisol’ due to 1ncreased albumln blndlng

-of cortlsol (stenlake, 4971). In rats, phenylbutazone has‘

. (6old, 1967).

been reported to act on the CNS to stlmulate ACTH secretlond

~

A

9]

Flufenamlc ‘acid, an analge51c of 11m1ted use in RA, was

B
'.Shqun by Halckel (1965) to 1ncrease nnbound cortlcosteroné

Le#els in'rats. Ibufenacv aﬁother analge51c of limited

X
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value in RA, has no demdnstrgble effects on cortisol binding

to hhnaa plasna (Stenlake,'1971) . .-,v':

.

Drugs, other than. anti-arthritic coumpounds were being’

-used by some .patients »in--thie;'study;-»wh»~search,gofﬂfthe
literature revealed that some of them may alter
adrenocortical gpnctien. Alcohol, a drug commonly used jin

‘

society, produced marhed'elevation of plasna cOrtisol in qaﬁ

vhen blood alcohol levels exceeded 100 mg % (Dillon, 1973),d

At lower blood ‘alcohol . levels. plasna levels .of cortisol are
sllghtly decreased. and' qunary .excretion of cort1501 is

elevated probably begause of the dluretlc effect of alcohoL.

Sk A_‘;(,-

Resting - ACTH secretlon in man ‘is- decreased by alcohol (Gold,J“

"y

1967).'- In alcoho;%§s,. ingestion of alcohol increased -

cortisol levels when.compared to cortisol 1evels ‘in  non-

drlnklng periods and compared\ to non- alcohollcs (Stokes,‘

BRI

1973) . o ‘Caffelne, another co-monly 1ngesfeﬁ_ drug, -

increases plasma 'cortlspl levels ''in man and 1h_ dogs

' (Avogaro, 1973; Bellet,. 1969). - =
. ) “ P

oo

Estregens elevate the circulating level of transcortin,

L

(Llpsett, Q1972~ Bulbrook, 1973-' Gaunt, 1968). The body .

~c0mpensates for the resultant 1ncreased blndlng of cortiédl

with 1ncreased secretlon, thus total plasma cortlsol is alsov

elevated (Bulbrook, 1973; L1ndholn,°1973. Hvxdberg,n1968).'

It is - commonly thought- that ‘the opposing effects = of



increased total cortisol and increased binding will balance

4 R
out preventing excess levels of unhound cortisol and hence

preventing synptons of hypercorticoidisn.‘ This is supported

by the usual observation of decreased urinary excretion of

Wl

cortisol and corticoids, excretion of unnetabolized cortisol

being a function of cortisol in the blood (Bulbrook, 1969).

In addition, skin levels of cortiiol, which: vould likely be

a function.of unbound cortisor 1evels, are unchanged b{i#y

' estrogen  treatment  (Hvidberg, 1968) « . Lindholm (1973),

| Estrogen ‘has been reported to increase ACTH secretion.. in«

1973y, | . - o . .v 3

_affected by phenobarbitall- (Sheppard, 19§7) therefore ,

however, found elevated unbound,'plas*a cortisol in wpmen

treated Auith estrogen/progeStagen’ oral contraceptives.

L4

both~.man and rats (Go<§, 1967, Kitay, 1968) . frn rats

e trogenslinhibitfintraadrenal‘reduction of \corticosterOne_

Qta

to tive metabolite.3-betafSiallotetrahydrocortrsone,

s elevate corticosterone seeretion (Kitay,
. ? } N - ‘ . . :
1968). Hepatlic metabolism of corticoids by ring A reduction

thus estrog

is 1ncreased by estrogens resulting in Jncreased cortrcord
clearance (Kitay, 1968; Colby, 1973) while reduction at the.w

C=20 position to form betadcortol is decreased :(Glllie,p

Phenobarbital, . befause “of its 'enzyie'[ induéingl

°

properties, might be expectei to alter ster01d biosynthesas

and netabolisn. steroid hydrorylases (17 18\and 19) are not

. . .
. : .o
- e
o ’ : B . .
/ . : [T ' e
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biosynthesis is not altered."netabolism’of cortisol . by 6=

beta-hydroiy1a+ion; in man but not ip guinea pig, and‘by 2=

alpha-hydroxylation in “.guinea pfh is enhanced by

' phenobarbital (Lipsett, 1972). ' Conflictlng evidence has

been presented as to whether phenobarb1ta1 decreases or has

no effect on ACTH secretion (Gaunt, 1963, 1968; Gold 1967)

[

c
o .
4 No ’clinically“
1]

. :"ghiffCant effect of glutethimide on

adrenocortfcal funct

iKY

Chart (1968), vhile a tran51ent 1nh1b1tlon of cortlcoster01d

yhwas ' reported by Gaunt (1968) or'’

.

secretionv,in, rats was reported by Danlel-Severs €1973)- '

v
.

'poss1b1y dué to. inhibition: of bibSynthesis betﬁeeny the

l K

-‘pregnenolone (to cd&ticosterone conver51on step (Johnston,

'%n“

&

1968). ' Th1s '1nh;b1tory effect reguired larger than .

>

erapeutlc doses of glutethlmlde (Johnston, 1968) .

« L
y
g R . .
cprtlcoster01ds (Gold, 1967) and also altered the 17-
» ‘ : oL ) _
ketosteroid _ biosynthetic pathway ‘in .favor of greater

cdoncentrations of 5~a1pha~steroids relative to 5-beta-
. . 3 ) ' :

ster01ds (Gaunt, 1968). Turnover of cdrtisol in man is

enhanced by elevated thyrgilne levels ~due . to increased

L3

hepatic metabollsm by 1ncreased “reduction of the 4= 5 double

RY

bond and 1ncreased 6- beta-hydroxylatlon (Gol

. 1967;

Lipsett;_ (1972). ',Thyroxine does not alte;

o } DA

levels. ,ﬁ B ?J% r’

S e e T B

;. Thyroxine im large doses increased the secretion of

~“transcortin



- search of the litérature revealed no reports of

" alteration of adrenocbrtical function by any of the

“following Qrugs vhich some of the patients were taking:

.am&triptylipg, chlordiazepoxihe,,chlorpheniramine, codeine,

dext;opr0pox9phene, diazepan, ferrous sﬁlfage, methotreiate,
‘prphenadriné, priﬁidop; or propantheline. L

fu
J

D. APPROACHES TO THE S¥UDY OF CORTISOL PROTEIN BINDING
{ : . i '
(i) THEORETICAL CONSIDERATIONS

“

Cortlsol c1rculat1ng in. plasma is predomlnantly proteln
bound. It is bound chlefly to two protelns: a ,spec;flc
CAEIIQI pfotein of the alpha-1-globulin type, transcortln,
has a high blndlng afflnlty for cort1501 but ac low capaclty,
,whlle albumln bas a low afflnlty but a 1large capacity.
Protein bound cortisol is Qeﬁerally cthide;eq ‘to be
inactivé (Belsel,a 496u5). In .thev protein bbuaéu form
cortlsol is. readlly avallable by dlssoc1at10n, but protected
from metabolasm, and excretlon‘by flltratlon. Any.agQﬁi
which cause a- change in,proteln ¢brnd1ng” of cortisol will

alter the amount of unbound active bqrtisdl as well as alter

A
n

. the rate of turngver of cortisol.
f . . ” » - e ) q

Blnd1ng,pr0pert1es 0&5} protein. can be descfibed by its

s

- .affinity (K," aq@ its capacity (P), or if the concentratlon

P,



41

and molecular Helght of the proteln -is known, by the number
of binding 51tes (N) of a glven -type.' Afflnlty is the
’.strength with which a protein binds n,particular ligqu;and
is a measure of the quality of the protein with respect  to
vhinding." On the other hand capacity- is a measure of the
_-Fuantity of binding protein. In plasnn transcortin is
pfésent at. concentrations of aboutw,7 ng% and'cannot be
isolated for b1nd1ng studies wlthout large amounts of sample,
(Turner, 1971). Furthermore 1solated transcortln may not be -
identical to ‘natxve trantcortin. Since .albumin and
transcortin‘aré the‘only importnnt cortisol binding proteins
in plasma, it is poésible to stndy the.binding properties of
transcortin and albumin in plasma itself. ' |

Formulae 'have“ been worked_out'to deccribé the binding.
of a ligand to two distinct binding| sites - (Edsall, ,1958)
whicn are applicable to binding of a ligand to-two proteins
each containing a 'sing!! tybe of binding‘_site for the
1igand. IsoIated transcortin has only one binding sitevfor‘
cortlsol while albumin has’ two blndrng s1tes, as deternined
using progesterome (Burton, 1972).; Symbols have: been
altered‘sligﬁtly'from tnoee_used by.Edeill,,eince in piasma
concentrations of each ‘protein- are.not.known'and bindino

capacities, not number of binding sites, are,determinedm

.
P

® ‘ . e o>
From the law of_~m.ass action B + A): BA

L3
S

“



and Kasgoc = [BA]/([BIA])= 1/Kdissoc (ﬂ

where
lw‘

B = concentration of unoccupied binding species (in the

simplest case binding activity = concentration, ie

1 binding-site per2molecule of B).;~

A = concentration -of unbound ligand

BA = | ]
concentration of ligahd bound to binding Epec}es
| ¥ = [BA]/[BA + 1] (by deflnltlon)
¥ = K(B][M/(K[B][l\]+[B]) e
(substltute for BA as_deflned;in 1.
V=KV AAL Y @
.where ) ‘
vV = aﬁerhgeﬂ number * of moles - of _ & bound -forf'all_

N

-

'molecules of B and BA present, or the probablllty a‘

molecule of B chosen at random has a molecule of 'A‘

bound to- it,

'K = K association

where -

v is redeflned, assuming N equlvalent and 1ndependent
’ '

blndlng sites on one molecule of B, 'as total average

' humber ‘of occupled 51tes per nélecule of B, and Vi is

: - ‘,“ . .
- —nﬁg, o . o



43

the probability the ‘ith site -is occnpied"(ie Vi is

defined as V vas defined in 2).

NVi = NK[AJ/(K[A] + 1) (3) (from 2)

-y
N = N1+ N2 + ---A_Nm e -
v= ) { NiKi[A 1/ (Ki[A] + 1)}

» i=) _ .
- where - ‘ ‘

' ”:“;N = total number ofv binding Sites} enq there are m

“different sets of_‘bindingi sites, first with WNH
equivelent and independent binding Sites with

association constant K1, etc.
: 0
> . . .

V/a = ) NiKi/(Ki[A] +1) (4/A)
: i=1 . ' :
‘ ' S "
- m eo.
. Lin v/ Y  Niki -
“ ° o R )

lim v = ) N =N =
A ;w |_—_] . B &y -

1

4

For 2 dlfferent sets of equlvalent and independent‘ binding-

sites 'v = N1K1[A]/(K1[A] + 1) + N2K2[A]/(K2[A] + 1) ‘(S).

where the concentrat;%n of proteln is not‘known equatlon 5.

becomes ~ V = p1x1[A]/u<1[4] +..1) + pzxzu]/(xz[z\] £ 1) (6)

-

_ Assumlng the 51tes are located on dlfferent protelns in af

”solution, - which - contains. the protelns vin ' unknown .

.

;w.conCentratidns, then N cannot .be calculated .*pt blnding'

.



4y

’capacity of the solution .can. be calculated. 'Binding'

3

capacity is defined - by symbols P1 and P2 and has unlts of
quan&ity of llgand bound per glVen' volune _of proteln

solution.,,.v has units of concentratlon but . is no longer
‘._expressedpas molarAconcentratlon. ‘For cortisol blndlng to”“_

v

)H”4plasma P1 and K1 will be defined as transcortln bind:ng

capacity and afflnlty (assq iation constant) and P2 and K2

will be deflned as albumin blndlng capac1ty and afflnlty.

N ~ Binding data ‘may be plotted inl seVeral vays. The
.simplest plot is that of bound (V) versus,unbound'(h); 'This
plot (Flgure 3a) is 'curved for a one. component blndlng”
system, ~ The change in curvature for two component b1nd1ng

ﬁfcurvesAis difflcult to assess, \Thls method of handllng data-

hasvheen used later in the mathematical ‘resolution of two o

component binding data.’ : ¥
= The Linéweaver-Burk or~reciprocal plot“method.which is
linear for a single blndlng componen+ » (Flgure .3h)‘;is

" criticized because undue welght is glven to values at low

_ concentrations;‘values uhich are probably - determined rHlth'
least accuracy (wllklnson, 1961). This'method‘gives linear

plots for'éme component b1nd1ng data therefore P and ,K"can

be deﬁermlned ea511y, however, for tvo component curves the

sllght curvature may be mlssed And estlmates of -P1 ‘and K1

would‘be inaccurate.

% \



\ . . 1.

.”kThe.Scatﬁhafd plot (Figure . 3c) ! of V/A Gersus vV is.

linear, for a SLngle component binding curve and is

,curvilinear fdrl tvo component blndlng data. . There is

..,.1

however no equatlon descrlblng ‘a - tvo component blndlng curve . .

in terms of This type of plot.' '

.
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i SINGLE COMPONENMCURVE™ -« * 46
——— TWO COMPONENT CWRVE - - <~ .
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PKA «
.V:_'- KA*'! RN

 VKA+V = PKA

VK s 3 2PK |

| V/A ‘ &QPﬁ:-‘K

M
R PRVK -

/

'FLGURE 3 _Graphical Representation of Binding-Data, -
. JFIGURE"3 . Graphical Te /<
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A two componént binding curve does,notrreadiiy'lenu
itself to reso}ution intofindividua;;eOmponent curves. , In-_-
order~ to obtain'estimates'of transoortin affinity:(Kf) and
'capa01ty (P1) and albumln afflnlty (K2) and - ca dc1ty .(PZ);

e,

several approaches have been used.
S y T
Hart (i967y showed that binding datavodwld befresolved
- by solutlon of a set of - 51multaneous equatlons. In the oase
of two component b1nd1ng data four est;mates ~of bound and
| unbound are required to solve ‘the set. of four 51multan‘ous
eguatlons. Slmllar equatlons have been worked out to deflne‘

the systems used in this study.

Lo Rearranglng equatlon w . T v.(qff
v = h)RIK1 + PB2K2 (. N
K1a+1 . K2A+1

Right side to common denominator

V=1 p1x111 + K2A) + pzx_;1 + K1A)

\ . (1 + K13y (1 + K2B)
.Crosskmultiplj_

V(1 +K13) (1 + K2a) = A[PIKT(1 +K21) +

" P2K2 (1 + K1A) )
Expand
"V + VK1A + VK2A % VK1K2A2 = PTK1A + P1K1K2A2.

+ P2K2A + K1K2P2A2

Collect terms | - ' - IR a 0

e o , L | .
V =_K1a(P1 - V) + K2A(P2 - V) + K1K2A2(P1 +



. P2 -¥)
Expand rlght side
v = K1P1A - K1va + K2P2A - KZVA + K1K2P1A2
+ K1K2P2Az - K1K2VA2
; Collect‘ﬂnknown terms (1.e.AK1, K2,'§f,fP2)

Vo= A(KIPY ¢ szz) - VA(K1 + K2) + Az

(K1K2P1' + K1K2P2) - VAZ.(K"‘KZ) R

Dlv1de by V. - .
1= @AV (K1R1 + K2P2) - A(K1 + K2) +
(AZ/V)(K1K2P1 + K1K2P2) - AZ(K1K2) (D)

Unknown terms (1n parentheses) are defined

c = K1P1 +AK2P2 (8) o '_v
D= K1+ K2 '(9). E |

E = K1K2P1 + K1K2P2 (10) .
F = K1K2 (11) ’

Equation (7) can be revritten

4 =CA/V - DA + EAZ/V:; FA2 (12) '(

* The .coef

" by solving a
»obtained y substltutlng A ‘and v ‘from 4 segs
‘of data 1nto eguation 12.- '
'_Equatlon ‘9 and 11 are terms of the quadratlc
(z -K1)(z -K2) =0
-whlch expands into
72 - (K1 + K2)Z + RK1K2 = 0

2 which can also be written-

s

icients C to'F>can'be‘calculatEd e

set of 4 51mulVaneous equatlons

48



22 -pZ ¢+ F =0 —(13)

The values of K1t and K2 can be obtained by "

solv1ng the quadratlc. The valuesvof P1 and

P2 can be obtained by solving simultaneous E S

: equatlons 8 and.10 after-obtalnlng the: values- - 1"}"},"

 of C, E, K1 and K2. 3
A FOCAL program (Appendlx I) which is run on a PDP-1105
_computer _(Dlgltal ' Egulpment "‘Corporation,- Maynard,

3

J Qassachusetts)"has beenl wgrked out to _°perform these
calculations. ' ﬁhen' more .than four sets of data 'are'
'.avallable blndlng parameters are calculated for 'all p0551ble
comblnatlons of‘four and the mean and'standard dev1atmon‘ of
the calculated parameters are calculated. To illustrate the
use of this program a set. of test ‘data (Figure 4) has been
"calculated by agdltlon at constant unboﬁgdicgncentratlon ‘the
contrlbutlon of two single b1nd1ng curves to obtain a
composite binding' curve.'n All-'gblnts on a 11ne pa551ng
through the orlgln of the plot V/A versus v are at constant
» unbound concentratlon (Rosenthal, _1967). ».Ihe data .was

chosen such that it was similar: to the experinental data

Requiring resolutlon.. Tdble 2 part 1 gives theftrue_values

: . 3
of the parameters. -



V/A

V-ng/mi f

c—r

—— composite curve -
-—— swngle component curves

'FIGURE 4 simulated Protein Binding Data

P1=13.33 mcg¥, K1=1.086 X 109 Vm, P2e111. 1] mcg%,

. K2=3.62 x 106 1/m.
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'.'Hith highly accurate data this uethod of resolving a

* .

twvo conponent,binding“curue is also’very accurate (Table .2

"part é). - All possible data iS~utllized to calculate all

parameters. Since there are elght sets of data all possible

ﬂconhlnatlons of four is !!/[4!(8 uy:] 70.. Introductlon oflhu

small errors by roundlng the data from .6 figureS'to 3

4

. flgures, results in errors in the. estlnated parameters K2

'and P2 (Table 2 part 3) that is, this method of resolving

data is very sensitive to small errors in the input ‘data.

In order to simulate error of the magnitude that might be

, expected in experlmental data, error has been iutroduced_Vm

randonly 1nto V.. Thls vas - done by calculation of vV ¢ 5%

then us1ng a table of random numbers selectxng erﬁher the

’

upper or the lover llmlt. Now when 'the error iu“the,igput
oy v
_data is larger, negative values of K2—u&ll sometimes -occur -

in the calculations. Negatlve values of affinity are
imPosSible and are.not]useful'for deteruiuation'of estimates
of albumin affinity. As can be seeu‘from Table 2 part'ia

’large errors occur in all estlnated paraneters when 5% error

- i
- -

is 1ntroduced into V. If only pos1tive values of K2 are
accepted the est1mated value of K2 is oi\fhe rlght magnltude_:

(Table 2 part u). If only p051t1ve values of P2 a55001ated )

....z!.

vlth a p051t1ve K2 are accepted P2 1s,p1ased upvard by a

s

z& factor of 10. It can” be seen (Table 2 partpa,and Flgure Sa)

A that hlgh estlmates of PT occur when K2 is negatlve, whereas

NE

estlnates of P.1 are quite close to the true value vhen"

]



v _ : o
associated’ with "positive K2., If only ~ these latter

estimates of P1 are accepted consideiable data would not be

used. If a literature value of K2 (2000 1/m Denoor, 196u)

" is substituted in ~the calculations whenever neg K2's

8

. occur and only P1 assocmated with positxue P2 are acc

more data is used angd the estlmated y1 1s closer ta the true fi
P1 (Table 2 part 4 and Flgure Sb). The valIne of K2 .

"substituted has 11tt1e effect on the estlmated P1 (Table 2

parts 4, 5, 6). The estimates of K1 vh1ch cluster about the

true ialues of K1 ate assoc1ated<vlthﬂlnltially positlve K2,
/
substltu.ed K2 glving negatlve P2 andosubstltuted K2 qlving

positlve P2, [{¢) ﬁo selectlon of data on thls ba51s cap ‘be
made 1n calculat;on of K1 (Flgure 5¢) . Low values of K1 are «

'associated with .substltuted K2 where pOSLt11% P2»results,
b . ¢ ¢

: a&d hlgh values of K1 are-associated;with imitiallyubositive[

K2. By acceptlng all positiveiKl the average is reasonably.

© 0

close to the~ true .value of ‘K1 (TabIe 2 part u).'eThe. .

cr1ter1a utillzed for acceptlng data sets for calculatlon of -’

e

mean estimates of b1nd1ng parameters were: (1) all p051tiveu

estlmates of K1 were accepted, {(2) all p051t1ve estlmates of

©

" P associated"uith p051t1ve PZ ‘were accepted (3) all

Opositlve estimates of K2 where a llterature value of K2 'was 

not substltuted vere ~accepted, (u) all p051t17e P2 values

where a llterature value of K2 was “not substltutedf’ _fjj'
\N) . ol -

accepted. Thls results in a fair estlmate of K1 (uzx h@gh),

' T A -

v A good qstllate of P1 (Hlthln 10% of true value), and poor .

[N

-
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estimates of P2 and K2 (Table 2 part 4) .

Admlttedly thls approach to acceptance of qatlmates _of

bindlng ' parameters 1s¢ﬁemp1r1cal and 1s not generally

appllcable. It is an-attempt/'to deal - uith the problens

vhi&h - atfise when a method whlch is accurate for theoretlcalr

data is applled ‘to data vhlch is“somewhat in error, a
l 9 \ \

srtuatlon that Wwill " Tarise whet'experlmental data is used.

5 ¢

.Onégkeason that poor estlmates of P2 and K2 are obtalned

that the data’ was obtalned at relatlvely log cOncentratlons'

of ligand compared ,to  the b1nd1ng~xcapac1ty o§~-a1bnm1n;

’

errors in the data are magnlfled with respect to estlmates

of P2 and K2. The major pu;pose of thlq study yas" however

-’
to determlne transcortln b1nd1ng parameters ak accurately as

p0551b1e' 1ﬁ!ormat10n on P2 and K2 was.'con51dered of -
_sicondary 1mportance. “In future this- method oﬁ“~resolviﬂg
b1 d1ng data is, referred to as the mathematlcal method of
.;resoluglon}' '“ N B f;f:i."%‘ Q.;h 'f. . ¥y

>
«
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_When more than four p01nts are avallable another method
to use all the data would be to fit a curve by the method of

least squares to the experlmental ~data then select four

poihg% on the curve for use in solv1ng the equatlons. The

'~ dravback to thls method is that ‘the error inm A is related to
the error in, v since V and T (which 1s total concentratlon)

arei.measuréd and A 1s obtalned by subtractlon. There is no

lndependent variable measured wlthout error. uinimizihg the

&
;, sum of squares with respect to v is 1ncorrect because both v

and A are subject to error. Au exact deflnltlon of | the .

error of V .and A is.qpmolex and the method of minimizing

. error, about the fitted line. is even more complex. Secondly

k] v
the ch01ce of four p01nts to use in solV1ng the. equatnons is

arbltrary,. although 1f the f1t is correct this. ulll be of

1esser 1mportance (see small varratnon in predlcted -valqes'

of blndlng parameters Appendlx I).

D » o 'w N

.~’l ‘ ‘_", . .  . -
’«", B S ' S '
" . Another approach to resolving twb component binding
. ] L0 LEsevIng THD ne pinaing.
curves useS‘limits'of eqguation 6. ¥ o >
N . > s
. = V. =PI1KIA + P2K2A (6) —_— o ,
S S i SRR
.Y KA+ 1 KA+ 1 K A
As A approaches infihity . K1A becomes very large and .
Kid + 1 =~.KiA, so KiA in numerator and denowinator |
) 1. T TN g e v
cancel.. Y
” ] ,"‘" ' ‘l_zx 6“" ‘
that is 11m1t (a —>0P) ‘f“’eﬂ +32.(7) S s

;~‘If equat1on (6) is "1v1ded py A 1ypﬁecomes T

.

|



A K1A + 1.

- AS A approaches zero' ﬂkébodes ver§'s all énd
1 ”
KiA + 1 =~ 1, thus the aenoilnator dlsap ears
Coh ,,&h
limit (A-?O) V/A = P1K1. ¢ P?%& ;V(Q)

e *

In the plot of V/A versus t\e Y 1
small values of v approxlg/:es themlqlg-
equaﬁlon 9,'wh11e .the X 1ntercept for - larger

values of v approxlmates the value of quatlon T« .
" S

~When K1>> K2 the 1n1t1al slope (si;ll/Values L s

of V) of the comp051te b;ndl&% céfve pprox1mates *
K1, while the flnal slope (large vallies of V)
approxlmates -K2. if a stralght 11ne,'

Y = + G, is fltted through the 1n1t1al portlon -

», 4 o
of the ourve the Yylntercept, G, glves an estlﬁite

.I L €‘d v .

of P 1K1 #\P2K2, while the—x—lntercept of a L e

“~

' seralght llne, Y = CcX + D, fitted through the

-final portion of the curve gives an estimate
. . e ’ , ~

- _ Y
.q,Of P1 P2. . -o/.‘f,\:\y" '.l
57 Py - &2 ,p— ,,.ﬁ «
K1 = -H (10)
" (K2 =-C (1) P
-P1K1 + P2K2 = G (12) ‘ R

P1-+ P2 = -D/C . (13)

-

°

K1 and K2 are ea51ly obtalned ‘while P1 and P2 can

“

. ,obtqu.ned by solv:.ng the s:unultaneous equa*ns 12-'§nd_ A3.

-

-
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efrors in the datahtﬂ
1 W50

parameters by = this

!
[,
“1

bt - /

) |

In fitting ”straig#t lines to the tvo parts of the .

experimental curie, it 4is. assumed that V 1s without error

thus the sum of sduares is mlnlmlzed Hlth respect te V/a.

This is recognlzed as an approximatlon of the best f1t 51nce

LT 4
kndwn to. he subjecbﬁgq_error .as dlscussed earller.

4

This method of resolring binding data 13 less sen51t1ve ‘to

-

g e
ixg Tabkeé Zpwets 9 and 12). Tho
o "?,-,\-. .t. R ',“.,-I’:” U , L ‘

. e W

most 1mportant factor” ne of /binding

'</of' ‘points

representing gLe extreﬁes aﬁiﬁﬁmw significant
curvatare exists in p01nts used to f1t the initial stralght
Fine K1 Hlll l&underestlmated and P1 will be overestimated
(Table 2 part 12 and ‘14) . If 51gn1£1cant curvature exlsts.

in points used to fit-the latter,part ofetheapurve K2_ wlll.

be overestimated andf P2 underestimated (Table 2 part 14). -

2]

Agaln because the concentratlon of bound 11gand I's small .

4 o

” : ‘
relatlve - to P2, . curvature in ¢hls part of the data almost -

aluays occgrs so’ poor stimates bf P2 @n& K2 are obtained.’-*
v 2 p;f w

440.1

A program to do the c 1cu1at104% by tﬂ.’ method whlch 9111

be referred to as the limit method“‘is glven in Appendlx I.

—



e TABLE 2N51&ULATED PPOTEIN BINDING DATA.

. + \t
Explanatlon of Table VZ '

‘Values given as mean, % - standard’ dev1at;on, % error, n=,
nunber .of sets .;of data uSed to calculatdzthls mean'and
sfandard devidtion. | .

- True values. - : .
Mathematical resolutlon. accepts' all p051t1ve K1,
"positive P1 where P2 also positive, positive K2,
and positive P2'where literature valwe of K2 not - .

substituted; literature value of K2 = 2000; data 6

figure accuracy. "™ . '
3. As for 2 except data’ 3 flgure accuracy which

" introduces 0.01 to 0.28% error in V.

4, As for 2 except 5% random efror in V. ‘
5. .-. Kks for U4 except literature value K2 = 20000. o
6. . As for 4 except literfiture. value K2, = 200000. o
7. " Mathematical resolution; set negative values- K2 =

12000, reject set if any values of K1, ‘P1 or P2 ‘are 4
' +* negavive, 5% random errot im V.

8. . Mathematical: resolutlpn, accept all data; 5% random
, error in V. ! :
9-11. Limit method; data 6 figure accuracy.- . - ,
S 12-14, Ljmit method; era_ndom‘ error in V. N
K1 x 109 * . P1 mcg% K2 x 106 $2 ncg%
1/m | . 1/m ST
1. 1.086 " 13.3333 3.62 11,111
. 2., 1.086 13.3334 3.61981 111,117
¢ t 0 £ 0.01 - + 0 = + 0
0% 0.0005% 0.0052% 1 0.0053%
- n=70 n=70 ! n=70 = < - n=70
3. . 1.09326 13.342 . 3.80867. 110.022
vt 0.051 "+ 0.130 T+ 0.9 .+ 19.5
4 0.67% 0.065% 5.21% ©9.8%
~, n=70 n=70 n=70 . . n=70
© 4. M1.B4229 . 12.3118, 15.7355 1291,51
t 3.23 + 2.941 ‘+ 16.6 t 5003 -
. 42.02% 7.66% 334.7% 1062.4% -
. n=69 n=29-. ‘n=19 n=19
5. ‘K% above g12.§t19 as above as above
: ‘ v £ 25941 ©
7.66% :
11520 E ‘.



6. As above

7.  3.1315
o + 4.553

. 188.4%

- n=29 .

8. 1.5202
+ 3.216
2 40%
n=70

36.8%
ni=4. n2=4
10.. 0.799535

L 26.4%
m1=3 n2=5

S s , above
| §n1 3 n2=3
12. 0. 697517 A
35.8% -
n1=4 n2—

13.  1.03834
o 4.39%
n1=3 n2=5 .
- 14. As above

n1=3 n2=3

Pegg (1969)

“ by drawlng

'~ curve; a perpendlcular

these two lines to the absc1ssa Y1elded the value of P1.

‘was determlned

9..  0.686649

12.3128

+. 2.942

7.66%
n=29

as above

20.2737
* 17.5.
52.1%

"n=70

15.9792

“19. 8%

14.6099
9.57% -

15.2339°

14258

bV e e

24.0%

13.6633
2.47%

4
/

142206
6,/65%

~

from the

,“

40.3764
1015.4%

R

Y- .
16.5284.

~as above

©10.3102
"+ 15.34

.184.8%
n=29

-300

+ 1098
. 10000%
C.:m=70

44,4172

1127%

. 57.3872

2620355

1 619.2%

59.1974

. 1535.3%

23.85J8

559.

EEY

dropped from

as abagye

22710.4 |
+ 41616.3

20339% o
n=29

3“3.068

'+ 2621.37

208.8%-

28766

T 7“ 06%

. 26.3132
' 76.3%

.*"

38.8382
65.0% -

28.3684

74.5%

76.3%

41.1981

62.9%

1ntersect10n

159

Zceiculated-transcortin eapacity graphically
asymtotlc llnes through the extreme ends of the
_of
K17

‘slope of the 1n1t1algpart of the

Ahe,
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o ,‘“ 60

curve in the same manner as described for tﬁe 11m1t nethod.
P1 calculated by Pegg s method for the test data wvas 14.57
mcg% (9 3% error) (Flgire 6) a sonewhat larger errof“ihan by-.
the . 11m1t method (Tablé 2 paé& 14).Y~No<est1mate of -albunmin

ublndlng paramerers cqqld be_que by Pegg!s_merhodﬁi'pu



V/A 5 i | |
| P1=3.28 x 10 x 40
=145.7 pg/m1 ¥

3 : =14.57 mcg¥%
% \ - (9.3% ‘error)

FIGURE 6 Simulated Protein Binding Data; S E
; » Estimation of P1 by Method of Pegg (1969).



IteratiVei‘approachesA to finding the- best flt l1ne for

blndlng data have been descrlbed in the ' llterature
, , _

\(Fletcher, 1968 Keller; 1966) ; but the mathematlcal and the
1imit_ method.‘of resolv1ng blndlng data offer the advantage_
.of{simpler computation whlch can be- handled 'ulth a spall
laboratory“ computer (BK'memory). For large amounts of data

automated ‘tecbniques'-of data handllng are necessary;

-
A

graph1ca1 technlqnes are too tedlous although they. offer the

advantage of sumpllclty. " The two qethods described here

_ A L o
‘give reasonably good estimates of ’transcortln ‘binding

%

parameters; however 'albumin bindin& parameters ~are not

.

estimated accurately.'“Thls may however be a functlon of the-

/
range of the data used. }
: » ¢

(ii) PRACTI@)L CONSIDERATIONS
’e N | ‘

Several approaches have been used to ‘measure bound and

unbouﬁd .cortlsol. - Use of radloactively labelled cortlsol
N

greatly aids in the detectlon of small amounts of cortlsol;
quu;llbrlum dialysis was probably,the.flrst approach usedd
(Daughday,;1956);lvﬂere the. protein solution 'is contained
uithin a senlpermeable »memhrane which allows passage. of
,solvent and snall molecular size . solutes but not proteln and7

proteln bound solute. A kﬁavn concentratlon of cortlsol is:
iv- - .

-

added to .the system, elthev‘1n51de or out51de the memhrane, ‘

('and allowed to . equlllbrate. ) Because of. the -blndlng of



.cort1501 to proteln the concentration inside the membrane is

higher than; out51de, the dlfference ,accounting for the

’

amount of cortisol bound. At ~egu111br1um ‘the 'unbound

concentration of cortisol is ~equal ‘on both 51des of the
pembrane. Bound plus unbound, unbound;~aﬁds~tota1 .cortisol

, .conoentrations are measured, bound ooncenfréfions being
obtalned by subtract1on.' The solutions ‘on each sxde of the
membrane - must be isotonic to prevent osmotlc flou. ThlS 1s”
most easi1y achieved by dilution of the sample wlth 1soton1c‘
.buffer. . ' : : . <‘;L‘;‘> o /;

T R I . ‘

Another commonly used , met?éd_ is‘ 'u}trafiltration
(sandbérg, _1957), Here a prote{? solution is filtered

; through a semi-permeable’ membrane _or ;membrane filter of

proner §0re size and a proteln free solutlon of unbound
cortisoi is collected. Foroe for,‘ﬁ;ltratlon_ is' usual1y‘
-brovided by - centrifugafion or by vacuum. If sméll_vo%gnes .
of proteln solutlon are used the equlllbrlum or bound and
~unbound will be upset durlng flltrgtlon.' Usually unbound is
-"measured and’  bound is " obtained by subfractlon from total
\fcortlsol concentratlon.

Gel flltratlon can .also be ‘used to phy31ca13; vseéerate'
and measure bound - and unbound cortlsol (Deuoor, 1962).!:An

equlllbrafed solutlon of protein ~and cortlsol is passed‘

-through a column of gel partlcles.l3$ye freevcortisol‘enters'



"cortlsol/transcortln "t

1

64 -
9

- \

~ the beads of:gel and its passage through the column is.

slowed, ' while the bound cortlsol is excluded from the gelc

and it is eluted from the column sooner. ;Separatlon on the

'éolumn_; must be suffic1ent1y rapid to avoid on-column

Patersgn ‘ (1973)- o

'gf'

»iinutesﬂat 370, o s

T “Ox
‘binding. The upper portlon of ]the tube contalned ‘freeﬁ%¢¢

.cortiso; from which unbound cortlsol could be accurately

g

*'dlssoc1at10n of the cortlsol proteln complex.i The half time

for dissociation of cortisol is- 25 minutes at uoc 7 mlnute
at 220, and 10 seconds at 37° (Dixon, 1968) therefore gel

flltratlon must be done at a lowered temperature.' Recently

‘gtnlssoc1at10n half ‘timés for
}e 20 mlnutes at 2°c, 1: minutev at
225,.‘and 0. 2u »minutes at 379, and Rosmer (1973) found the
dissoc;atlon half times to be 5 mlnutes at 'S°Ca.2 2 minutes

at 10°, C.8 m1nutes at 18° 0.49 minutes at 229, and 0.087 -
; ‘L %ﬁ» .

LR %?,
’Several less‘ mmonly used methods for determlnatlon of
bound and unbound C rtlsol have been descrlbed. -Hestphal

(1955) used ultra entrlfugatlon to study cortlsol aIbumln
. \ o

J

¢

estimated. - gradlent of proteln in the lower port}on of-:'

" the ultracentrlfuge tube rendered measurement ‘Of' bound

cortisol inaccurate, therefore bound S was most naccurately
obtained' by subtraction of unbound from total cortlsgl
T, o Ty - : '
‘ trat;on. ‘Westyphal also used electrophore31s ‘dn an

3 -

~

: .. 1

electrophoretlc cell to separate Albumln bound and free

“_ - B ‘ .u-a, -

e . "-')\ \

v

®



. ) . .
» "

‘ cortisol the bound cort1501 ’nigfating in the electrical -

-~

‘fleld while the free. cort1501 remained stationary. . Paper
* electrophoresis wvas not succeésful-with cortisol because it

tends to bind strongly“ to the ‘paper “upsetting the
. equilibrium of bound and free steroid.
( . . ‘ - SR : e
”ISoeIectric " focusing, an electfopﬁoreéfc ‘teéhuique
which separates' proteins uccording to their Iéoeléctriq

point, has been used . to stJay ~the mechanism -0f

_cortiéol/tgané&ortin interaction although not. “to give.

' quantitative results. Thé technique  can detect gha;geQ’."

s alteration‘quefto‘bihding of non;iouié iigands'pfouidedA-the E
ligand is bdundftto ~the prdtein at.its isoélectric péint.,
‘;_'Natlve transcortln does not blnd cortlsol at its 1soe1ectr1c
point, but 51a11c ac1d free transcortln} does. - PFrom thlS
teqhnlque ‘it was shown that. &ssoéiation‘ of-éorfispl;iq
'accompanied byvlibe#ation of..protons and diséuciétion‘ is
v;ccbmpauigd by.uptéke‘dfipfotoné'(Baélen,:1972). .
.J‘\'“A ‘ . ‘ . ’ .

Leybold (1967) used enzyme degradl’g f cort1sol t6'*>
measure cort1501 blndlng capdc1ty of pnt@la “ﬂihe plasma‘vas

‘_1ncubated with an excess of CortlSOl,,,ﬁheu fﬁADPH and rat

11ver mlcrosomes were 'added to the solutlon. ulcrosomal

‘éita* -3- keto ster01d hydrogenases A:reduced ong;
N\ , v
ndnprotelnvsbound cortlsol to tetrahydro 5-alpha~cortlsol
o . . . # . PN

which is nonfluoﬁ//;ent. .The cdrtlsol ahd metabqlltes'\are'

™, . . ,,~~'~ .

v ’ RN - : : L
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&xtracted and -measured fluorimetrically. Cortisol measured

> . -

‘ indicates bindnng capacity. The flaw in this method is that
r
' durlng the half hour 1ncubat10n wlth the enzymes at 37°C

con51derable ; dlSSQClatlon of . cortlsol/transcortln vo?ld
. ' ~f LY .

RN P R .
i . . e . s

occur.. . n SO o g
L.

.pégi'tion equilibrium between two aqueous " phases,

formed by m1x1hg 10% dextran of molecular uelght uoo 000 angd -

7% polyethylene glycol of molecular- uelght 6000, in‘

phosphate buffer, is similar* in pfinciple' to".equlllbrlum .,

dialysis pronided the bindlng protein 1s quantltatlvely'
partltloned into _one phase (Shanbhag, 1973).“j,he -partitlon
constant ;of the sterolds betueen the two phases deternlnes

the efficiency of,vfree‘ ster01d removal “frem the phase

» ' . ’ # :
.containing the protein. Equlllbratuoq can Dﬁ“uchleved more,

qulckly than with equlllbrlum d1a1y51s beCause better mixlng

¥

1s.p0531ble.' The apprOach has been applled to the study of;
“testosterone.-blndlng to sex normone bindlng globullnuandr
' albumin. | R | ‘ '

.~

: gdsorbents'kegi Fuller‘S"earth’ fiorisil' charcoal)‘

which Temove fté% cortlsol from ’solutlon can be uged. to :

5 .
.separate bound and free steroid’ (Heyns, ‘1967). Bound ‘and"

total cort1501 can 35 measured unbound belng obta1ned by

dsubtractlon._ Adsorbents comgfte with the blndlng proteln
N g .

for ster01d if eft’ im contact with tﬁe Steroic proteln

“" . (_ . «_ . ' ) " o . . . - .

AR . & s . . ’ . . v.‘ ; f,:v.

Y

° ' i 3

&



solutrbn suff1c1ently long.ﬁ If"/the t}me of éxg?sure "xo
,;dsorbent is short
o SRR
dlssoc1atlon rate,’_thek,

' terﬁg/‘bf the cortlsol tranScortln

Ooan >

.”rberz‘b vlll remeq< onlg fzee

N

ster01d. Thls _meaqs,;e r_écﬁnmque Hust be\psed at lowered

A . Py

témperaturesu thsorbents are‘éess than 100% éf£1c1ent 'in'

I

. remov:.ngg*afree sterondf so amcor‘rectlon Ior t'h?,s needs t9 be-

n - ) ~

,made otherulse bound w111 be overestlmated.' Tﬁg amount of

steroid .ads_orb;ed_‘ depends- on unm#,nd '&entratlon ~ of

ﬁ

e —_
steroid. e o f . . iy
. S S E . " ‘Rx e} :
» Let B! = apparent ster01d concentratlon, me&sured
! .. . v
u' = apparent unbound ster01d concentratlon, = Tgf\B' y
ST o= total ster01d concentratLon, measured of{~
LU= true unbound sgerold concentrah&on 'M{, ,
'\','f A ‘{" K] o
' B = true bound stero%dfconcentratibn §,gn
B ' ‘:Q; R~ ' o
. E = fractlonal efflclency of adsorbent for removal oﬁa >’

U, &etermlned by comparlson to a’ metho@' wlth knoan

‘ eff1c1ency “for removal of unAgund ster01d.

¢ . *- A \
W T e . ST .
. - ..‘ _" - . ’, ' . .i. ‘ .. . ! - "
., ' Therefore - e ¥ . w0 -
. — S ol . o
(VT-B').JU!:UH; ‘ '
oL e Co T ‘ et oo
s rearranginQ‘U~: (Tr- B')/E (1“0 -
T -v (15) LT
w,,A., L R N

The amount of adsorbent also efﬁects the eff1c1ency of free

N

Sterold'removal. An amount should be choseﬁg_
+of the free steroid 1s-removed but 'strlpplng] of steroid
R A P .
. o .o > . A .- I
from protein.does not occur.: The method_ls usually:/called
LB ] ) e N 3 @,
o - _; ’- = L

‘;that nost

r

o

S S

ﬁ
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. cpmpygitive adsorption. H@@as,&1§6 and DeHoor (1968) havg

s
L]

..

o addltlon of adsqrbent.,mlxang.gnd 'trifugation-agl at,69c.

used ,cOmpetitive adsorpt%&p to determlne cort1501 blnd;ng

affinity in 'ilufed ‘plasma‘ the - 'ﬁapaclty of* which *ua!“
“detefﬁinéd ; ependently. fPegg (19@9) used bof$et1t1ve,

)

adsorptioh to deternlne both transcortln capac1ty and

A

afflnlty from a blndlng cﬁtve._ Pegg"* s procedu;g 1nvolved

;b

equlllbratlon of the plasma wlth tritiated cortlsol at u5°c.

cooling for 10 mlnutes by 1mmer51on,1n a path at 6°C, ‘theng

Pegg -1nge1preted the parameten

'ng detérmlpqd at 6°C
L) .

a ‘Q‘uhlch aPPearS togbe 1ncorrect The” T si} QQU1llbL“%tmﬂ‘-‘.
o o « o S (.,‘)'-_ RN
- was done @at:fq C. forr 5 m;pdigs.; . 1at10n rgte for.

* 49 S : M vig < .
. ¢ s . . \,.‘ . : n. <

lST the slower‘andvls tbe llmltlng factor 1n achleheme&t of

‘*%qulllbrlum between . free"and bound cortlsga, . At K50C "

3
1

cbrtig%iw qndﬁ}trdnséoftin dlssqc1ate quickly (dlssoc1atlon*P‘
) : N i o : ‘ - . ’ v 4y .
half time < 10" seconds, Dlxon,. -3968, o .Eirst: order:

.dlssoc1at10n “rate = 0.0693 seconds 1. = 4. anihhfeé-f).id

f1Ve mlnutes at Q5°C the cortlsol and- transcortln vlll havé
o > . DI . KN
.eguxllbraﬁed (1 x e- Sf‘ =0.. cortlsol.rema§ns'assoc1ated to\.

~

the 1n1t1a1 transcortln‘blndlng §1te). The solution 1sltheﬁ'

5) ’,
=
plaoed 1n a bath at 6°C for 10 mlnutes. Durlng- th;s* tlme

L e

-_the solutlon' cools (but not 1nstantaneously) all the vhlle.

f

«cortlsob Hlth transcort;n 1s dery rapld- disSQC1atlon ra}e-.f

K hd . ¥

Iz

“cortlsol and trgpscortln - continue : to,,'assoc1§te “and " -
\ .

o

S dlssoc1ate.' Dlssoqiatlon becomes slewer as the temperature'n-

.drops,f It cantbe Showu that _inl 10 mlnutes ‘the _qortlsol~



Vo AR B 1

*®,

{.

. . / " N ' .
« transcortip will ffot have- ‘r.eached 'e.éu.flibrium for that
: N X SR .
. temperature'. - At 6°C dlssociation half time 15 16.7 ~'-miﬂu’te‘?“
(first “order dlssocmtlon rate =0. 0a2x.llnute,s*‘) " In ten’
‘ mlnutes at GQC (e 10"0 042 f 0. 66) 66'% of '“the cort1501 uill o
LT .& . s ] La
' " -not- have - dlssoc1ated from Cits orlg;,dal blndlug 51te oir
R ' g “«*‘W% » P .
t}an.qcortln. . 6bv1ously cortiso’l %{xd transcortln do “not
' h"', . . ‘N‘ c . \\l} = \‘ .
..'}“ . s SN .
B 2 &:t coqﬂ1t10h§ fbr‘_ equlllbratlon at 6°C.‘{ Because the ~
. ' ;"»'.' I, X -."‘»\ KO .
';,j'* cqo,l & {ﬁ»"\)}*‘WS"{C to*~6*‘C 1s not. 1n$t*teou$ the temperat'ure ’
s 7 ,r N b, ., .
* 4

111 be - gf:eg%er tHan estln‘atedu‘ by .t‘ixe above ¢a1~culat'oy

O

.

e . . e
condltlog Mﬁ;& system s amblguous. ' Actpa‘lﬁ ‘dlssoclatl n -

R""because.' d&éﬁi@tlon rate is greater tlgan 0. 0“2 m;.nuutes-‘
P ) Kol

EY
.

Hurlng the co&hng to 6°C. Now adsorbent..ls added- to remo_ve'

g%

fe-e steroxd before equ:.llbrlum is ‘reache.d. ' The tempe.r’atur‘e_‘f;\

R:d

SN .

'caus’ &8f fallure to reach equlllhglum and beca%s«e of the

slou rate‘b?}:&ollw of the’ solutlon. . DeHoor and Heyns
. o A

av01ded awnbl”gulty by- .do:.ng all work at room temperature. ‘ At
iA Ve

this gemperaf‘ure houeve\r there is conSJ.derable d1ssoc1a~tlofx

PR D SN R .""\/

/'Of .the’ &')rtlsol' trapscortun duflng exposure to the -

> \ .

.‘\

'vhlch‘he blndlng fparameters are determlnéq 1s '.amb'ig‘;ous- :

-

'_ 5@sorbent. » D01ng all work at‘ 8°C aw01ds the problem of

! -,

.amblgultf and reduces the amoun,t of lesoc:l.atlo/ef/ proteln

&

>

o AN
cortlso-l A complex s dur:-ln-g- exposure o 11 the adsorbent..

e

13
Egullwratlon t:unes oﬁ at least 3 hours . are requlred fﬂi the'

T S ero:Ld to come to ethllle.‘lllm. At B8O C™ the -

' dlssoc:Lat:Lon half tlme_. of _ ‘cortisol tra‘nscorvtin. 1s»,‘_,1‘1.7" '

.V

‘ mlnutes (dlssoc1atlon" ra,te = . 0.059 }n'inut'e's,‘i, 0,.A0001 =

. _...

. L. o . . 2y . . -
R . . - : 2. -7 : i e SRR



R = o

& . L 54": ‘*;"

. . . e ‘,.- . v
L Co . e S »$w
) \x. .. L e . :.f$' : . -
03059, T

ﬁ'*‘

--6giginjé blndlng ante).A Do S T TIAE TR
L]

Fo0
o

eTH -~ = 156 minutes = 2.6 hours where T =‘ time in *

4 . S

" ainutes . for all. jbut 0.0T% of the oo;tlsol transcortﬁh to ~

T

g 'dissociate ), Duriﬁgﬁ-ﬁan "e);posure . to’ R adsorbent for two Q :

<

pinutes some dlssoclatlon wlll\take place.(e 2x0-059 = (, 89,,

[

hat isf 89% of cortisol transcortin is assoc1ated with, its

.- K .o . S ) b,

ey - . TN . R .y o R 3
. ~

4. 0

everal factors are 13 ortant in the determlnatlon .of
ggrameters. Percenta@e blndrng of

cort1501 ?rotez.n b&ndlngr

b Y -
*§ cort;sol to plasma warles rnversely w1th temperature between

. blnding gf}lnlty 1s hlgher at iower t peratures (ba

¥

u°cf§&a QSOC (Denod&, 1962).’:Thls 1s beCauqev tran

-.” !- e

- !

A

4
1961 Bﬂrton, 1972 Westpl’gl, 1967 GoJ,cne, 9[968)< albumlnl‘ -
bindlng 'afflnlty- for c q

1sol 1s'relat1vely unaffected by

[N v

) perature (Burton, 19721 Tran§cort1n b1ndlng capacnty is.

‘affected by these *kind of dhanges 1n temperature
h)

(Hestphal, 1967" Goldle, \3968). gt ﬂ\xrgpy (1963) and Seal
. ('S ‘r .
(1963) presgn€QH da&a nshovlng that blndlng capaplty waSg’
R
greater Tat 9 jor\u°c than at 37°C. Seal (1963) determlned /

blndlng capac1ty by overloadmng plasma glth ‘corS}soi “.then

remov1ng the unbound cortlsdl by gel flltratlon, and flnai}y

,determ;nlng “the. cortlsol, remaining .in plasma. W1th gel

fil%ration' onicolumn ,‘dissociation . of :cortlsol -'Aand
transcortln would occur at 37°C glv1ng a falSely low blndlng
.o' 8

4,capac1ty.h v Hurphy ©(1963) obtalned blndlng capac1ty by

extrapolatlon of a plot Of log total cortisol versus. percent

hY
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~-n&”.bort1501 to' Zero unbound. The total cort1501 at

- .~

unbound was taten g% be equal to blndlqﬁ capacity. -The

relatlonshlp log total versus pencent unbound 1s not llnedt

EO ‘ 1

",at’ high values of percent unbound (quure 7, obtalned wlth

M

simulated‘date)._ At 9oC iny shori extrapolatlon is ‘needed"l

and . only  a sma11 error occurs.

: . ..
extra olatlon over long . d stances as necessar b beca
p % iﬂ Y.

L CoNT g . .‘
blndlng was lower. Thi's extrapolation would. lead to large
., : " . L

~-e¢br .1n estlmates of blndlng 3pac1ty (Flgure -7 thuS‘
iy o

’

.%hbétc results Jsuggestln’? that binding capacnty 1ncréase

X ¢ -a 23N
v1th bdecreas1ng temperature are 1ncorrect Transcortln'.;

L .

£, : e

PR

aga_blndlng 'capac1ty is ”no affected y derat changes'lnedf

I

_ P :
temperafhre., -Temperatures- above 60°C ikl }rreter51bly_,}
. . f #

4 g‘i’ ,“‘"‘ . b

urphy adnlts that at‘37°c,

HEL
MR

'1nact;vate transcortln b1nd1ng without affectind'albumin“

a

'binding (Daughday, 1961) .-  This ﬂfbv1des wa’ vmeans - of
_ - %

¢

differentiating ‘albumijn and tianscorth contrlbutlons to
: . » - .

total binding offcorti 1 by plasma.' s -
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f%anscortln Ls unstable at pH's legs th?ﬁ 5 | Daughday,

1961).:_ Blndlng by . traﬁscortln ighystabie thn‘ughouf pH *

v
‘-
-

ranges attalnable in ¥iVo

(Daughday, ﬁ961). ‘At temperatures
from' 00 to u0°$§ pH i?anges fncmaiﬁﬁb 8 -cause only a 1%
;decrease in mﬁ;ound cortlsel Ln&~plasma ,(Chen,; 196135

fvhebefﬁre the statement of- DeHoB% ( 8) that mlnor .chang

o 8 oo
,,t‘blquﬂ affect blndlng seems to hesunfounded. ' C
L .‘.,V‘, ‘ : ! ? _-w" "ﬂ‘fl‘m‘ . .- = t_,.,_ ’,..;‘ s . .. ) X . . P
' ',";“'.,.' . . w ., n ’ ,‘»"_ . T ' ' : - Q" .. \ .,
.,: 'S ~-, 1\. ~ »”2 LV . . . ) " ) ‘ 3’
o 1Y
. bllutlon - of plaSma is often fﬁhulred in’ deterai

of 1ts %1ndnng act1v1ty. ThlS does not affect tram

lndlng capac1ty %Hurphy,. 196?7 It~'1s often a usefui '

L 'ﬂique becausg dllutlon hastens equlllbratlon) (Daugnda},

) CAIRY S

1961),. .makes dlfferences‘ ‘in b1nd1ng more pronounced
. . D -

(Sléunwhlte, 1959) and allows determlnatlon ‘on’ small volumes

\of plasma. Correctlon of blndlng parameteri for driutrqn r5~4'
b ” v
851mply a mﬁthematlcal exerc1se. Tllufﬁon of g&asmé ré&mlts 5

\
Ed .

in a lowerlng' of percent 'b1nd1ng for . a glven cortisol
- concentratlon in plasma (eg undlluted p asma 85% cortlsql 1s
bound,!1 in 26»ﬁ11ufion30f the same p sma 35% cortlsol ié

‘x v r;; i -
4bound, ,endoge us cort1501 concentratf%n 20 5 mcg%, Eelsil,
e ) ~

. ) 5L . s . "!‘ S
S1984b). T ,\’,. DT ,\
—~ - ; . R I L, ' S
,) . << . . N . o ..‘. N . . ) .
R SRR
R When binding parameters for_multipleasample% are tof be

determﬁgedj 'storage of plasma>pribr5to binding assay needs

to he-considered.‘ Free21ng at —15°C or refrlgeratlon at aoc
. ~

does not affect the cortisol b1nd1ng 1ndex of plasma. ' Thehé.
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E. DISTRIBUTION,OP GQLD IN‘THE BODY ’ : '
o ' The distribution'of*gold compon ag‘%ﬂdi studied in
‘ . e - S L

fseveral‘ Species. The ‘metabQXusm 'iotransformation of
gold compounds has not been studled ,to‘ any, great" xtent:

>

This is’ beoause ’most of the avallable methodology detect;
" gold Sut not the chemlcal compound. Severél authors‘ haye

mlsnamed' dLstqibutlon studies' with gold as metabollsm

.. . .Jll

"studies.a Klnetlcs of gold dlstrlbutlon have been studled to

S~

4

,l dlstr1butlon of coll01dal gold depends more n 1ts physlcai ‘

°

Y ¢ v ‘

IR “ .. .
a &amlgﬁg extent but theSe s;udles havef'not atbempted to

R

\

"Vwﬂmbdels.‘ Gold&&xhlbltg cqmplex pharnacokngtics wﬁlch cainot -

{ " \L B St
be explalned by

o
v o,

3
p

flrst rorder; klnetlcs,are appxoxlmaxed. Hater soluble‘gpl

~Con§ounds, whlch“are the compounds used 1n RA therap

o

N S .
disﬁributed ' dlfferently : ﬁiﬁp %%1101dql .golgﬁw

e - -~ "

”

\

sige ,whlle that of non collolda‘ gold compounds depends on

thelr chemlcal propertles. Thls retlew 1s ;onﬁ;ned ,chlefly

T F

soluble gold compounds‘ are well absorbed v1 tramuscularly

(1m) but are poorly abosrbed orally. Bhe gold b%ncentrates '

. 1n the\llver, k1d ey, spleen andladrenals, tlssues/ulth high

contentyﬁf retldu Jenﬂothellal cells (RES).H Gold appears

N »

’
y ey

'inb blooi qulckly after _1m ‘znjectlon hut levels decllne

51mpﬁe fmrst order rate constants and one

.

o

ol ]
\. '.

L]
KL M
s
L el )

'\eXplain gold klﬁetlcs in terms of formallzed pharmacoklnetmc -

.
AN

comp&rtment models although over spec1f1ed perlods of tlme'”

"to .water‘ soluble non-col101dal gold compou ds.- Most water

.

R .". ..
“.

1



.,or fecal_excretlon.

‘RE

I3
¢
[N

4

‘. »

.rapldly due to° tlssue dlstrlbutlon rather than T

J*

& ¢ . : S

[

7

a&ld umma,,ry

=

Gold can be detected in urlne and blood

long after gold therapy 1s stopped presumably due to a sl

‘return of gold from tlssue stores.

. e

slouly accumuLates therapeutlc concentratlo

giio

n"’L

Y

h \"’

Gold, a

from im

reached

‘polé 19713 Ruhensqeln,

smc%; ‘tlSS"g dlstrlbutlon studles m‘”anlmals u

-

(Block,

*af therapeutlc response;

: acglop of gold may bev eome

n

I‘ ‘1 .

1n3ectlon’sites-V

ot -

AN

‘;o RA patlentSee-(Freyberg,,
T Sl
1973).

"‘\.»,1

The slow development

R
of .

.gold suggests that the smte of ,; .

deep tlssue 5

A {
KR

site

Peak goh&-levels-ﬂ'

'1n 2 t9 - hoursc for gold so

]9&2‘ Lorbér, 1
SR >

-

-

"

dlum

970;
¥

vaSOrptlon is no

[N ‘

y " B
con51derah1e amounts of gold remaLnlng at the 1n3ectlon’\ﬁte‘vg 0

19&1)* vh&;e scannﬁgg studles 1n humans ggven 198Au431

'whlch

f”goLd,
o g

vo.lﬁ,'
¥}

4

5o

g water soluble cOmplex, is® raﬁldly abSOrbed

plasma ‘are \\‘
ﬁthmalate,‘
.8
Ka,

A

' also medlcate consxderable abt1v1ty.at tharelnjectlon

; a seraes of 1 x 1mg Au/d (all doses ara glven 1“3

A 4

~

// ,
for gold sodlum thldmalate,.

(Lawrence 1961~;

elemental gold content; 1m 1n3ect10ns Ln raﬁs th

gold absorbed varled fromISB%'for auroth1oglucosb .t

. i

&

'h —

0ka,1973)._

\.

10% £

Nlnety days after co 

or

/

gold

/

7 amoun

' aurothloglucose, and gold sodlum £hlosulfate admlJlste;eﬂ im

¥

19738 0

i

d complete,'\

T

| ,
sually reveal' /

’\\‘ /

xtd,“

célcium'*

“thlomalatp, to 82% for gold sodlum thlosulfate, to\a hlgh off

,90% for sodlum succ1n1m1doaurate (Block, 19uu). {Gold sodlum 3fi"

r-.

-

"'.thlomalate 1s only mlnlmaldy absorhed Hhen glven orally.;

— — -

el ,_1‘
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20 mg/kg/d dose of gold sodium thiomalate given to rats
produced a serum level on day 17 of 0.7 mcg/ml compared to a
serum 1ével of 19.4 mcg/ml when the same dose ¥Was given inm
(Walz, 1972). Chloro(triethyl;pﬁosphine)gold, Aa compound
which is more lipid soluble than other gold compounds used
therapeutically, gaVe appreciable vserum levels when given
orally to rats. A dose of 20 mg/kg/d gave a serum level of
4.6 mcg/ml‘ on day 17; the same dose of ,gold‘ sodium
thibmalate im gave a serum level of 10.6 mcg/ml on day 17
(Walz, 1972; Sutton, 1972). Gold sodium thiomalate was
absorbed systemically when given intra-articularly }i&)
giving a peak blood level at 3 hours. This level was lower

than that follo#fhg a similar dose by im injection

(Oka,1973) .

Gold rapidly appears iu the blood after administration;
however it is quickly distributed to tissues so that plasma
levels are similar 4 hours after intravenous or
‘intramuscular administration of gold‘“sed;um thiosulfate
despite incomplete absorption in the latter case (Freyberg,
1942). The decline in the level of plasma gold is roughly
exponential during the firE& ten to 42 days (Gerber, 1972a;
Rubenstein, 19739 so plasma half life can be estimated. It
varies from 3.97 to 9 days in rheumétoid arthritis patients

(Gerber, 1972a, 1972c; Rubenstein, 197%; ;abb,1967). After

this time gold levels decline much more slowly (Mascarenhas,

E
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-1972). ‘Plasma gold levels depend on dose, frequency of
dosing and time of sampling. 1In add%tion plasma go}d leveis
have been shown to be negatively correlated with thé?weight‘
of the patient (Jessop, 1973a). A few examples of plasnma
gold 1levels achieved with various do;age regimes will be
given iﬁ ordef»tp illustrate plasma levels in therapy with
gold. Plasma levels within 2 to 4 hours of dosing have been °
reported. as 2.5 mcg/ml at 12.5 mg (first dose), 4 msg/nl at
20-25 mg (first dose), 3.8 mcg/ml at 12.5 mg (after previous
doses), 5.4-9.3 mcg/ml at 25 mg4 (after several previous
doses) of ‘gold sodium thiomalate im (Pole, 1971; Lorber,
1970; Rubenstein, 1§73). \Aurothioglucdse gave lower plasma
levels at this time: 1 mcg/ml at 12.5 mg (first dose), 2
mcg/ml at 25 m§ (first dose), and 4 mcg/ml at 25 mg (after
several previous doses) (Rubenstein, 1973). One day after
injection plasma gold levels were dec%ihinéﬁ 2 mcg/ml after/
20 mg (first dos ), and 4.5-6.2 mcg/ﬁl after 25 mg (afteg‘
several previous doses) of gold sodium tBiomalate (Krus:ius,
1970 ;Lorber, 1970; Pole, 1971) . The decline continted so
that after one week plasma levels were 1;8‘mcg/ml at 20 mg
(first dose, 1.8-4.2 mcg/ml at 25 Qg, 5-6;6 mcg/ml at 38 mg
(lat@er two dosés.uere both given after several previous
,doses) (Pole, 1971; Gerber, 1972b; Krusius, 1970; Lorber,. "
1970).. Five weeks aﬁ%er the dose was given plasma le&els}
were 1 ncg/ml for 20 mg (first dose) and 1.7-2.7 mcg/ml for

25 mg (after -everal Previous doses) of'y§01d sodium
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thiomalate (Gerber, 1972b; Pole, 1971). Gold can be

detected :n plasma for very 1long periods of time after
. »

therapy with ¢gcid -has ceased, for example Plantin (1961)

reported nlasma gold levels of about 0.1 mcg/ml several

years after gold therapy.

Gold éfrculates in the plasma almost completely (95-
99%f protein bound (Sorensén, ‘1970; Sliwinski, 1968;
Masca;enhas, 1972) . It 1is bound chiefly (75%) to albumin
(Mcheen; 1969; Sorensen, 1970; Bellion;(1957; Eberl, 1970;
Sliwinski, 1968), +but also to alpha and beta globulins
(Bellion, 1957; Eberl, 1970; Coke, .1963;‘ Sliwinski, 1968)
.and at ﬁigher plasma gold levels (3-7 mcg/ml) it was bound
to immunoglobulins and beta-1-c-complement (Lorber, 1972a).
Binding gg\fibriﬁogen does not occur since plasma and serunm
levelsAof gold are very similar (McQueen, 1969; Smith, 1973;
Balzacs, 1972) . éold was not founa to bind to isq}ated

fibrinogen (Sliwinski, 1968). More specific studies show

gold 1is bound to alpha-1-globulins, alpha-2-globulins

g

P

(perhaps ceruloplasmin),  beta-1-globulins (perhaps
trgnsferrin) and to beta-lipoproteins which contéin some
gamma globulin (Clemmensen, 1958; Coke,1963; Eberl, 1970).
It is of interest to note that tramscortin is an alpha-1-

gloktulin.

In most cases gold is not found in red blood cells



(Block, 1941; Balzacs, 1972; Freyberg, 1942; - Harth, 1973)

nor is it found in white blood cells (Sliwinski, 1968).

Lawrence (1961) reported 0.4 mcq/m{ of gold 1in red blo;d
cells one day after a b mg ,dose of gold as thiomalatélsalt,
compared to plasma levels of 1.5 mcg/ml. Smith .(1973) found
gold in the/%ed blood cells of 10 of 16 ' patients studied.

Serum levels of gold were similar in all patiehts reqgardless
of presence of gold in the red blood cells. Gold did not
appear in the red blood cells 'ntil after some delay fron-
tﬁé staft of gold therapy. They suggested that gold was
incorporated into the red blood cells in the g%ne .marrou
wvhen the'cells were formed. Autoradiography of blood smears
from patients given tracer 19Sauy gold sodium thiomalgie'
showed gold incorperation into only a portion of fthe fed
blood cells (0Oka, 1973). This Supports the suggestion that
gold is incorporated into the red blood cells in the . bone
- marrow, since only newly formed cells should show any golad

while older cells in circulation prior to the 198py dose

would not contain any activity.

Tissues distribution studies in many species (guinea

pig, dog, rat, mouse, rabbit, man) with several foras af

'soluble. gold compoun - (gold cyanides, gold chloride, goldzﬂ

t 7 .
sodium thiosufate, aurothioglucose, gold sodium thiomalate,

N -

gold céLcium thiomalate) reveal that the spleen, kidney,

adrenal, bone m;yfg:TNI?mph\szes and liver accumulate the



85

4

highest concentration of gold, concentrations much higher
thap‘ found in plasmdt (DeWitt, 1918; Efftman, 1946,
McCluskey, 1925; Beftrand, 1948;McQueen, 1969; Swartz, 1960;
Tobias; 1949; Vacik,'1961k Block, 1941, 1942; Jeffrey, 1958;
Erametsa, 1970; Gallinal, 1927; Gottlieb, 1972a; Oka, 1973;
Sairanen, 1973). The organ from this group with the highést
concentration varies from one report to another but does not

-

,SgeT to be related to chemical form of gold, ‘species of
animal, or temporal factors. Tissue levels for this group
of organs are approximately 40 mcg/g (range 1-100 mcyg/q)
calculated for total gold dose of - 10 mg/kg. All these
organs are part of the geticulo~endothelial system (B€ll,
1965; Brun, 1964; "Dougherty, 1961). RES cells of the
adrenal “cortex are able to 1?4?;d£oxylate progesterone more
than other cells in the adrenal (Dbugherty; 1961) so it  is
possibie ‘that accumulation of gold in the adrenal could
result in stimulation of RES and also stimulatipn of
cortisol syn£hesis. Tﬁis suggests tha? soluble\ gold
.éompounds'may be reduged in the bodyA.to metaliicﬁf old
particles which are .picked up the the phagocytic RES cells.

.Microdistribution of gold in the kidney of rats, guinea pigsj
and-humans showed concehirations of gold particles revealed
by histochemical methods or eléctron microscopy were
greatest in the proximal convoluted tubules (Gilg, 1952;
Silverberg, 1970; Elftman, 1946; Strunk, 1968; Brun, 1964).

In the proximal tubule, gold was present in mitochondria.



Rb

Concentration of gold within the . organelles caused
destruction of the mitoghondria (Stuve, 1970). ‘Gold was
a}sp foundy, in the glomerulus but in lower concentrations
(strunk, 1968, _1970; Brun, 1964). Here it is usﬁally
contained within lysosomes. Gold was occasionally found in
the loop of Henle and in the dist;l tubules at still lower
concehtrations and was not found in the collecting ducts in
renal biopsies from RA patients at various  stages of gold
therapy (Brun, 1965).l .Deposits of gold appeared in the
proximal tubules uitﬁin hours to months after starting Jgold
sodium thiosulfate (Brun, 1964 ; Ganote, 1966) and
disappeared 1 to 4 years after 'ggyd was stopped (Brun,
1964) . At this time gold was Fouhd in epithelium of the
distal tubules. Gold was also found in interstitial cells
of the Kidney} thesge . pells are RES cells. These
microdistribution studies suggeét gold may be excreted by
secretion at the proximal convoluted tubule. Since gold 1is
highly protein bound, filtration atvthe glpmerulué would be
redu?ed. In nephrosis, abundaﬁt deposits of gold are féhnd
in %1omerular capillary walls and small deposits in
capi%lary basement membranes fStrunk, 1968,1970). In the
live;i gold was found chiefly in the Kupffer «cells, which
are Rﬁs cells, and only occassionally in hepétic cells
(Gilg, i952; Elftman, .19A6); thdgl gold probably has no
effect on drug metébolism, but may affect steroid metabolism

since RES cells of the 1liver and other tissues can
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metabolize steroids by A ring reduction (Doughertys, 1961) .

‘Distribution df gold® to <certain other tissues and
fluids of the body is of barticular interest because of the
special significancé of. these tissues in rheumatoid
arthritis, despite - the fact that the concentration of gold
is often lower than in the organs mentioned above. One such
group of tissi7s and fluids 'is\ in the Jjoints. Synovial
fluid concehtrations of gold parallel plasaa golé levels
(élausen, 1962b);l synovial fluid coﬁcentrations usually
amounted to 50460% of plasma concentrations (Gottlieb,
1972a; | Lawvwrence, 1961; Lorbgr, 1970; Sliwinski, 1968;
Gerber, 1972a; Freyberg, 1941) although occdasional cases had
higher synovial fluid concentrations (Hartang, 1940b). The
half-life of gold in serum and in synovial fluid was fouﬂd
to be the same (Gerber, 1972a): Inflamed Snd painful joints
accunmulate greatef'{concenfrations of géld than do non-
inflamed.joints (Bertrana, 1948; Laﬂ;ence, 1961; Oka, 1973;
'Sairanen,. 1973)2_ this efgéctuis nét specific for articular
" tissue since élsiﬁilar éffecp{can be demonstrated’ in non-
.inflamed and inflamedw extra-articular tissue (Bertrand,
1948) . The concentration of gofﬁ in the synovium was lower
than that of ‘Synévia; ‘fluid (Bertrand, 1948; Lawrence,

i N

1961). Lawrence ha ported high levels of gold in fibrin

clots from Jjoi -and ~in .articular cartilage but he,

himself, pointéd out the" values were suspect because of
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small saﬁple size relati?e to the other sampleé used in the
study. Micgodistribution studieé,. by light‘ and electron
microscopy, and by autoradiography, of synovia from RA
patients treated with gold, reveafed gold granules _iﬁ‘ the
cytoplasm of synovial linihg cells and in mdbropﬁages around
lymph toliicles and blood vessels in the subsynovial layer
(Inoune, 1968; oka, 1973). The gold was found inside
lysosomes of macrophages. Paltemaa (1968b) using rat liver
sSuspension showed that gold was taken into these cells in
amounts proportional to the amount of damage to the
lysosomes. He used vitamin A in large doses to damage the
lysosomes. He suggested that gold was nmore easily taken up
into damaged lysosomes such as may be found in RA.

Gold distribution to tissues involved in. adverse
reactions to gold is also of interest. The most frequently
involved tissues in adverse reactiqns fo gold are the
kidney, which ha§ ‘been discussed above, /and the skin.
DepOsition of gold inb the cornea of the eye hés " been
reported (Hashimoto, 1972) especially at doses greater than
750 mg. This deposition does not appear to be a serious
effect since visual disturbances did not occur. Skin gold
levels in animals treated with gold sodium thiosulfate in
doses of 1 - S mg/kg were 0.1 to 4.7 mcg/q and were related
’to dose (Beftrénd, 1948; Tobias, 1949) . In humans skin gold-

~J

levels of 40.019 ncg/g for a dose Qf 2.5 mg of gold as gold
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sodium thiosﬁlfate (Bertrand, 1948), 0.5 mcg/g for a doée
of 5 mg of gold as sodium thiomala;e fLaurence, 1961), 0 -
40 m:g/g for .weekly doses ot 10 to 100 @g of var%9us gold
salts (Freyberg, 1902} and 38 még/g in an area of skin not
-~affected by dermatitis ’for a total gold dose of 2.5 g as
thioglucose (Gottlieb, 1972a) have been reported. Freyberg
(1942) could find+ no association between skin gold levels
and dermatiéis, while in a single «case Gottlieb (1972a)
found higher gold 1levels 1in an area of skin affected by
dermatitis (79 mcgyg) compared to 38 mcg/g reported for skin
with no dermatitis. 1In a series of 22 patients, 4 with gold
dermatitis, Gottlieb (1974a) found no differemnce 1in skin
.ﬁgpld level in "patients with ahd without dermatitis nor in
normal and abnormal skin from patients with dermatitis.
Skin gold level’s were about 4 mcg/g at total gold doses of
about 300 mg. Bogg (1958) found 20 mcg/g in skin taken from
the shoulder and the thigh of a patient 7who exhibited
generalized dermatitis after about 4 g of gold. Skin
biopsies were takeﬁ three years after gold therapy had - been
stopped although dermatitis persisted. 1In three othér ;ases
gold concentrations were 85, 30 and 50 mcg/g in areasrof
abnormal skin and 40, 10 and 15 mcg/qg, respectively in
"normal skin. Miﬁroscopic examination of skin from patients
with ch;ysiasis, which is a permanent piémentafion (varying
from blue to gray) of the skin due to parenteral gold

' . ~ .
administration and subsequent exposure to ultraviolet 1light,

=\
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shovws granules of gold in the dermis (Zimmerli, 1929), in
the basal‘}afer of the epidermis (Mont;omery, 1967; Edstron,
1959), 1in subcutaneous tissue (Edstronm, 1959), in dermal
histiocytes (Cox, 1973', in melanophages and in blood vessel’

walls (Montgomery, 1967) . Ther: are no reports pf

K
quantitation of gold in the skin in casgg of canrysiasis.

Levels of gold in hair and nails are of interest
because these tissues are easily accessiﬁle for sampling.
Gottlieb (1972a) detected S5 mcg/g in the tingernails and >2
mcg/g in the hair of}icpatient who had received 2.5 g of
gold as aurothioglécoséi' In a gr&up of four patients
treated for one year with gold ta a total dose of 600 nmg
ggld average -héir gold 1levels were 0.58 + 0.40 mcg/g and
average nail gold levels were 0.74 t+ 0.66 mcg/g (Gottlieb,

1974b) ..

In longterm gtudies of the distribution of goldfgievels
of gold _ngome quite small sgiit is necessary to kno; the
~nor@al level of gold which is present in an individual who
 has never been treated with gold. Neutron activation
'Qnalysis lprovides sufficient sensifivity .forr these
measurements. Blood gold 1levels in persons never ireated
with gold have been reported . as 5.5 x 10—f1 d/g up t6 109
g/9 (Brune, 1966; Botzvadze, 1969;' Plantin, 1561). The

saliva gold 1level_ was reported as 6 X 10—10 g/ml
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(Kanabrockl, 1955)* Fingernails contain 6 x 10-9 to 5 «x
"m\l[/‘u !

10-7 gya ‘ggggv, 1969; Kanabrocki, 1968) . Skin gold

,,ﬂlegg}s °5¥§ﬂz‘ 92.9/9 of air dried skin were reported
(ﬁ?%ifqtelfk§\;967). Liver gold levsls were reported as 1.3

. to 702x 10-11 g/g with a median of 5.7 x 10-11 g/g and a
mean of 1,14 x 10-19 g/g (Parr, 1963). In this study Qold
levels in liver did not increase with age.. Tipton (1963)
using a spect*rographic method and using samples féom-250
individﬁaIS‘who died accidently, found median trace levels
of ,gold in all tissues examined tQ be <10 mcg/g of ashed
tissue, Most body tissues were examined but in most cases

the gold level was below the sensitivity of the analytical

method.

Information on the metabolism  of gold' compounds is-
scarce and what is.available is often bised on assumptions
fof which there is 1little supportive evidence. ‘ Metabolism
of- gold compounds involves the biotransformation of gold
compcunds through the action of enzymes. T;ansformations
which occur non-enzyﬁatically are not really méfabolism, but
will be included here. Elftman (1946) stated tgat gqld wvas
present in nonmetallic form ir rat or guinea pig tissue
after intraperitoneal administration of gold chloride. This
was based on the fact-that gold in tissue can be reduced by
stannous chloride to give metallic colloidal gold, wvhich 7is

soluble ip aqua regia. In previous work (Zwemer, 19U6),
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gold <chloride ministration had 'been shown to decrease
plasma ascorbic dcid (a reducing agent). Théy hypothesizeé
that tissue gold nmay be deposited as metéllic gold due to
the reducing action of ascorbic acid; hqwever “.the
distribution of gold did not correlate with the distribution
ot 'asqp:bic acid. Timm (1933) and Korteweg (1928) reported
that microscopic sections from\ animals treated with gold
sodium thiosulfate showed erosit§ 0of gold sulfide and
ymetallic gold. Querido (1947) thought éold iq tissue was
present as a golg sulfide not- as metallic goid,‘since sodium
sulfide which dissolves gold éompounds hut not metallic
gold, cduld remJVe gold from tissue sections. Swartz (1960)
using 198pu and 35S labe;léd gold thioglucose - found
different spatial and temporal distribution patternsﬁfof-the
two isotopes. He speculated that the longer-retention of
355 was due to metabolic breakdown of gold thiog;ucose to
metallic gold which would be lipid _insoluble,  and  to
thioglucose which would pe lipid soluble. The levels ‘of
1983y éf tissues, except liver aﬁd spleen, yére lower than
the levels of 35S because the 355 form’of gold 'thiéglucose,
retained its 1lipid solubility and-c&ulq erefore beconme
intracellular where it wouid be retained longer and at
higher concentrations. Kleinsorge (1959)[ observed tpat
labelled gold coﬁpoundé were - excreted uncﬁanbed ih ’the
urine. Thus evidence from the literature does‘not clearly

indicate whether gold compounds remain intact in the body or

5
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are chemically or metabolically broken down to yield

metallic¢ gold.  “

Excretion of Aqold compounds takés place predominantly
via the urine. Fecal excretion is usually less than urinary
excretion. Excretion via the saliva»and milk is very small‘
since detectable levéls of gold 'havé not been found
(Hartung, 1940b;- Sorensen, 1970) . Recently Blau (1973)

~dempnstrated comparable 1levels of. goldhin human milk (8.6-
10.0 ﬁcg/ml) as have been reported elsewhere in plasma.
Small 1levels of gold were found in fhe iﬁfants serum (0.7
mcé/ml) and red blood cells (0.4 mcg/ml) . Accordin§ to most
studies wit; gold sédium thiomalatehthe peak excretion of
gold occurs during the first 24 hours after injection‘(Babb,

P

1967; Mascarenhas, 1972; Sliwinski, 1966{ Lawrence, 1961;
BeTtrand, 19“8);’ Highest fecal excretion &ccursv later on¥
during the first week after dosing with gold (Mdscarenhas,
1972). Cumulative gold excretion by bothturinarfyand"fecal
routes a@ounts to 16 to 39% (expreéseQ}asi% ofhcurrent dose)’
during the first week after osing fKapelowitz, 19643
Gottlieb, 1971; Jones, 1971; Mascarenhas,, ‘1'972)',“5575 by the
end of_the second week (Gottlieb, {971a; Mascgrenhas, {972)
65% by the end of the:third week (ﬂascarenhés, 1972), and
77% by the end of the fourth week (Mascarenhas,g1972) for

gold sodium thiomalate and aurothioglucose in humans. The

excretion of gold calcium thiomalate, a water insoluble

¥



94

salt, is less, amounting to only 44.to 48% after six  weeks
(Jeffrey, 1958). ;ecal excretion/vdries from 12.5 to 64% of
total ‘excretion (Gottlieb, 1971a; Kapelowitz, 1964;
Mascarenhas, 1972; Hartung, 1940b; Lorber, 1973; Bertrand,
1948; Block 1941, 1944) although occassionally it is equal
to or greater than drinary excretioc. Less than 50% of gold
“in feces 'can be accounted for by biliary excretion
(Kapelowitz,1964). In studies combining 1952u gold sodiunm
thiomalate and neutron activation analysis of gold, Gottlieb
,(1971§) found that 44% of the excretion was due to currently
administered gold and 56% of excretion was due tc excretion
of previously administered gold in a.patient on a schedule
ofﬂ25 mg/wk. In patients who have received no previous gold
the time to excrete half of a tracer doce of gold ‘was 25
daye, while in patients on regular gold therapy the time to
eliminate half the tracer was 44 days (Gerber, 1972c). One
hundreﬁA twenty days after administration of the 19SAy, 25%
of the dose was retained in the body in the first group ané
u4% was retalned in the body by the second group. Urinary
cléarence'rates for the first two days after dosing with
) goid have been calculatedl as 0.011 to 0.01u'ml/min for a
dose of 5 mg/kg and 0.017 to 0.020 mlymin for é dose of 1
mg/kg in rabbits (McQueen, 1969) . In humans the urinary
clearance rate was calculated- to be 0.1 to 0.2 ml/mln for a
total dose of about 1.4 ag/kg (uascarenhas, 1972). These

ciearance data indicate gold is excreted very slowly. Thus
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on a weekly or even a monthly dosage schedule considerable 4
build up of gold in the body would occur unless some other
route of excretion of gold existsy

g

Many attempts have been made to correlate gold plasma
&

\
]

levels and gold excretion with respohse, either éherapeutic
or toxic. Smith (1958) suggested that urinary hypoexcretion
(4 to 10% dosesweek) accounted for early toxicity to gold (2
cases of dermatitis), and hyperexcretion (17 to 28.4%
dose/week) accounted for the failure to respond-té gold v(u
cases) . Normal excretion in 4 patients with satisfactory
response was 14 to 15.4% dose/week. Gottlieb (1972b) in a
study of 18 patients newly initiated to gold, failed ﬁo find
a significantly _different urinary excretion rate for
patients who responded favourably and those who did not.
Patients who cxperienced toxicity (6 cases of dermatitis, 1
case of proteinuria) failed to show differences in urinary
or fecal excretion of gold compared to patients who did not
experience toxicity. Patients who responded well to gold
had lower fecal exéretidn of gold than those. who responded
poorly. Gottlieb\postulated that the ld;'“fecal excretion
might be related to lesser.accumulation of gold in the liver.
leaving more gold available for other sites in the body
where it might e£ért, its action. Rothermich. (1967),
Rubenstein (1973), Silverberg (1970), Mascarenhas (1972),

derber (1972b), Jessop (1973) and Gottlieb (1974b) failed to -
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find different plasma gold levels in patients who
experienced toxicity to gold (18 cases of dermatitis, 5
cases of ﬁephrotic syndrome, 3 cases of hématological
alteration, 15 cases of unspecified toxicity) and those who
did not experience toxicity (129 cases). No difference in
plasha gold 1levels was found® between those pa;ients who
responded well (70 cases) and those who did -not respond to
gold (48 cases) (Rubensteiﬁ}/\1973; Mascarenhas, 1972;
Gerber, 1972b; Jessop, 1973a; Gottlieb, 1974b) . Plasma gold
levels greater than 3'mcg/ml on day seven after 25 mg/kg
were associated with toxicity (9 cases dermatitis, 1 case
hematological abnormality, S5 cases unspecified). (Krusius,
1970; Goodwin, 1966; Jessop, 1973a; Poles, 1971) . These
plasma gold levels were significantly higher than those in
patients on similar doses who did not develop toxicity.
Pole (1971) and Lawrence (1961) reported 1low piésma gold
levels (<1 mcg/ml) associated with adverse reactions; these
were thought to be hypersensitivity reactions'as opposed to
toxic reactions. Krusius (1970) reported significantly
higher plasma gold levels in patients responding well to
gold compared to those responding poorly for blood samples
taken on d;y 1, 3, 5‘and 7 dfter a 25 mg dose of gold as
thi@malate. Gottlieb (197ubk_ reported alower vhole blqod
gold levels in patients who responded well than in those ;ho

responded pooriy, despite similar plasma gold levels in . the

two . groups. Lorber (1973) an8 DeBosset (1973) both
.4 .

7



97
demonstrated a higher proportion of successful responses to
gold by giving a higher dose of gold (maintained at 25 to 38
mg/wk) which resulted in average plasnma gold levels on day
seven of 3.2 to 6 mcg/ml without an increase in the
inc@dence or severity of toxicity. These studies showed
.that doses higher than those commonly used cohld be safely
used if plasma gold levels were monitored tq-avoid excessive
gold levels. DeBosset (1973) found plasma levelsvgreater
than 7.5 mcg/ml were poorly tolerated.

i

When toxicity to gold is severe, increasing the rate of
removal of gold from the body is important. Attempts to
achieve this have been most successful with chelating
ageﬁbsﬂ other agents have been ineffective. Acidification
of the urine by administration of ammoniunm chloride
(Freyberg, 1942) and alkalinization by giving sodium
‘bicarbonate (Hartung, 1940b; Freyberg, 1942) did not alter
fthe urinary excretion 6f gold nor did it alter plasma gold
levels. Administiat;dn of vitamin D or calcium also had no
effect (Freyberg, 1942). Large doses of“vitamin C slightly
increaseﬁl the excretion of gold in thé urine but not tova
cliniqally significant extent (Freyberg, 1942) .
Administration of thiomalic acid to rats increésed the
urinary excretiop to 145% of control excretion and .reduced
gold concéntrations in lung ‘and spleen, apparent}y by
mobilizing gold from these organs and redepositing it in thé

~
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liver and kidney since the concentration of gold «dn these
organs increased (Rubin, 1967). Freyberg (1942) failed to
demonstrate any,effgct of tﬁiomalic acid as fhe sodium salt’
on the plasma gold levels of, or the excretion of gold in RA
patients treated with gold. . .Dimercaprol (BAL) increased

urinary excretion of gold to 175 to 185% of control levels

in rats and  in RA patients (Rubin, Saphir; 1966) .
Kidney levels of gold were increased mos + BAL compared to
several other agents  including thiomalic acid and

penicillamine, while (sbleén and lung gold concentrations
were decreased in the same animéls (Rubin, 1967). Lorber
(1972b) demonstrated that N-acetylcysteine increased urinary
excretion of gold following 25 mg doseé of gold as
thiomalate. In RA patients and in rats, penicillaaine
increased wurinary golé excretion to 137 to 230% of control
levels wiﬁh peak effect on the first or second day after
the initiation §f penicillamine therapy (Rubin, 1967;
Eyring, 1963; Kapaloyiti, 196 4) | but with no effect on
fecal excretion ,of gold (Kapaldwitz, 1964) . In a case
report of the treatment of gold dermatitis vith
penicillamine, wurinary 'excretion'incréased to a level four
times greater than control. 6n. the second day of
penicillamine adminstrétidn wvhile fecal excretion increased
to a level twiée the control excretion on the sixth day
(bavis, - 1969). Plasma 1levels of gold also increased

indicating gold was being mobilized from tissue. On average

v
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fecal, urine and plasma gold levels vwere 150% of control
level. Dayis cautionad that penicillamine should\only be
used in persistent reactions, sincé adverse reactions to
penicillaﬁine are common and since many acute reactions to
gold clear spontaneously when gold therapy is interrupted.
Davidson (1964) and Eyring (196 3) reported that
penicillamine decreased kidney‘concentragions of gold while
Rubin (1967) found increased gold concentrations in liver
and kidney with decreased gold levels in the .iu&g and
spleen: Rubin (1967) jugged benicillamine to be the best
chelating agent to treat éold toxicity  because it gave
paximum mobilization of 4golq’J and although \kidney
concentrations of gold were increased, the ratio of urine to
kidnéy dold was was highest. °~ Chelation therapy to treat
gold toxicity which often effects the kidney would only be
beneficial if the therapy enhanced gold excretion from the
body, but not if chelation therapy resulted in
redistribution of gold g}th substantiél increases in
concéntrations in the kidney.

~F. ANALYSIS OF GOLD IN BIOLOGICAL MATERIALS

4
~

\

Dewitt (1918) carried out the first study\.of gold
distribution in animal tissues using an electro-gravimetric

method which consisted of ashing the tissue with acids then
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electro-deposition of the gold on tared platinum electrodes.

The margin of error of the method was described as 0.02 to.

0.03 mg. The smallest amount of gold detected was 0.02 mg..

In 1940, Block developed a sp?ftrophotometric method
for determination of gold in blood and urine. The samples
were acid digested, decolorized with 'hfdrogen peroxide,
evaporated and dissolved in aqua regia to conveft ail gold
to auric chloride. A pink colour was developed with O.f% o-
dianisidine 1in 10%.potgssidh fluoride and 25% hydrochloric
acid. The useful range of this method was 0.01 to 40 mg of
gold. Beamish (1961) 1in his).revieu of gold analysis by
colorimetric and spectrogrqphic:methods noted that Block's
method was subject to interference from excess oxidizing
agent (aqua regia or nitrosyl chloride). Beamish (1961) in
his review included only tftree other colorimetric methods
applied to biological materials.,. - The first used
dimethylaminobenzylidenerhodanine in a solution of ethyl

alcohol, chloroform and benzene, which ‘developed a pink

violet color in the organic layer when mixed with an aqueous

. ~solution of gold containing a few drops of nitric acid. The

sensitivity was 0.1 ;cg/S ml but'_the method gave-large
blanks with tissue samples. A related réagenf,
diethylaminobenzilidenerhodanine, produced a red violet
product with gold. The sensitivity of the method was 0.01

mcg/cm2 at 500 nm and the method obeyed the Beer law up to 1

¥
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még/ml. This reageat could be used to determine gold in
Biological materials after ashing of the samples. Tin(II)

chloride has been used to develop a yellow to purple éolour

with gold with a sensitivity of 0.05 mcgs/ml. This reagent

1hés been used to determine gold in excretion material. Acid

strength 1is critical in this method for accuracy and

precision. Goodwin (1960) determined gold in urine, plasma
or tissﬁe - (ashed with perchlpric and nitric acid) by
oxidation of o—toluidine?with auric chloride to produce a
stable colour with maximum absorption at 427.nm. The method
was sensitive to 1 mcg of gold and followed the Beer law
over the range 1-40 mcg. Interference arose from chloride,
bromide and nitrosyl chloride. Required sample sizes were
1-3 ml plasma, 10-50 ml wurine and 1-2 g tissue. ~ More
recently Kothny (1969) reported a procedure  for
determipd£ion of gold in urine, after wet ashing, addition
of ethylene "glycol monomethyl ether, and étﬂylene diamine
tetraacetic acid,. with crystal violet. A toluene
extractable comgiex was read at 605 nm for quantifation with
a sensitivity of 0.1 mcg. Walton (1970) determined gold in
urine (10 ml) and plasma (1 ml), wet ashed with chloric acid
then aqua regia, buffered to pH 3, and with the adéition of
potassium:fluoride, complexatibn with di-2-pyridyl ketoxime.

The colour was read at 433 nm dnd had a molar absotptivity

of 1.89x10% and a sensitivity of 0.01 mcg/cm2.  The me thod

vas used for concentrations of gold in the range 2.3 to 7
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ppm, and had a precision Qf 0.11 to 0.61% (coefficient of
variation) . The method had a recovery of 98-101.8% of the
gold content of tissues.} |

Emission spectroscopy can be used for the determination
of gold in biological samples. The gold contéining sample,
200 microlitres of serum or synovial fluid, is mixed with a
known amount of iron as internal standard and 10 microlitres
of the mixture is dried at 120°C onto a carbon electrode.
The metals are excited by a spark and the emissions ére
ﬁscor@ed on a photographic plate. Quantitation is done by
comparison of the darkening of the film by the gold emissiop
at 242.8 np and the iron emission at 243.0 nm. The workingv

.range of the method was 1-50 mcg/ml with an accuracy of =

0.5 mcg/ml at the lowest concentrations. Twenty seven serum

—

samples could be analyzed in Q—SXHbﬁ(§ (Clausen, 1962a).

Ld ~.
N .

Poisrography was applied to the determination of gold
.in 5 to 10 ml 9f blood or serum which was first wet ashed or
dry ashed (550°C), then the gold}‘ as auric ghloride, was
extracted into ether to separat% it from interfering copper

and iron, .evaporated and a pblarogram was run in 2 M
potassium hydroxide over the voltage range 0-0.25 V against
!a calomel electrode. The sensitivity was- 1 mcg, and tﬁe

accuracy was Within 2.1% (Chrisfian, 1965).  Schmid'(1973)

described the use of anodic stripping voltammetry for the
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détermination ‘of 0.02 to 2 mcg/ml of gold in serum. Ten ml
of the serum was first wet ashed with nitric then «chloric
acid, then the gold was oxidized with ceric perchlorate.
After addition of hydrogen peroxide the gold was
electrodeposited . on carbon paste\ electrodes. It was
quantitated by stripping at constant current., The method
had a precision of 2.5-16% (coefficient of variation) but

was unstable and required frequent re-calibration.

Atomic absorption Spectroscopy (AAS) has received
considerable attention recently, for thé determination of
gold in biological samples becausé of its advantages of
simplicity, speed due to minimal sample preparation,
sensitivity, and freedom fronm interferencés. In this method
the absorption of liqht, usually Produced by a' Hollow
cathode lamp pontaining a gold cathode, by atoms of gold is
used to measure the concentration of the metal. The most
sensitive and most frequently used 1line is 242.8 nm,
although gold also emits light at 267.6 nm, 274.8 nm iand
312.3 nm, In most cases atoms of gold are produced byd
aspiration of a solution of into an air/acetylene flame
whe;e solvent is evaporated, mgtrix is combusted and atonms
of goid are produced, Sensitivity of flame AAS can be
improved by using organic solvents because their combustion

in the flame increases the flame temperature and their lower

viscosity compared to water increases the aspiration rate
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and thus increases the concentration of the elementl in the

flame (Dawson, 1967). Three types of interference can occur

in AAS: spectral, Chemical  (either suppression or
o
enhancement) and physical (Dawson, 1967) . Spectral

interference results fronm incomplete discrimination Petween
spectral lines of different elements but AAS of Qold is
relatively ' free of this because the radiation source
produces only gold rediation. Chemical interference is due
to the presence in the sample of other chemical substances
(usually cations and anions) which alter the efficiency' of
production of atoms. This can occur_if poorly.disseciable
complexes are present in ¥he sample (eg calcium phosphate).
Physical interferencee are nonspecific in.nature ;nd are
usually due to‘organic material in the sample. For example,
protein in the solution, because of its viscosity, nmay
reduce th‘ aspiration rate and thus reduce the amount of
sample iﬁ the flame. Spectral and chemical interferences
have not been found in the determination of gold (Khalifa,
1965). 1In biological samples usually the onlj interference
problems are physical interferences. Large excesses of
platinum and palledium can cause spectral interference
(Elwell, 1966) but this would not be 4 probiem.in biological
samsles. Oxalates can precipitate gold from solution
(Khalifa, 1965). Gold in -serum or plasma is frequently
determined by flape AAS after sample dilution to reduce the

viscosity (Dietz, 1973; Dunckley, 1971) or by dilution with
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L’ a gurféctant solution again to réhuce viscosity (Lorber,
1968a) . Golé in synovial fluid may be determined after
treatment of the fluid with hyaluronidase and dilution with
surfactant (Lorber,1968a). Sensitivity can be improved
somewhat by extraction of gold from the sample with methyl
isobutyl ketone (MIBK) after wet ashing (Dunckley, 1973), by
oxidation of gold to qgold (III) with potassiqm ermanganate
and treatmept with hydrochlbric acid to assure extraction‘of
all forms of gold (Balzacs, 1972), or after complexation

- with ammonium pyrrolidine dithiocarbamate (Frdjéla, 1967;
Harth, '1973; Philips, 1966). Some workers have first ashed
the samples then redissolved them in wvater (Dunckley, 1973;
Tompsett, 1968) . Sensitivity, ihen aspirating aqueous
solutions, was 0.1-0.3 mcg/ml  (Philips, 1966; Dunckiey,
1971; Elweil, 196?; Frajola, 1967) or, whén aspirating MIBK
solutions, 0.05-0.; mcg/ml (Dunckiey; 1973; Balzacs, 1972;
Frajola, 19675: Precision measured as standard deviation
was reported as 0.06-0.2 mcgs/ml (Balzacs, 1972; Lorber,
1968) or, measured as coefficient of variation, as 1-16%
{Dunckley, 1973; Harth, 1973; Mascarenhas, 1972). _Usually»
at .least 1 ml of solut£§£ nust be aspirated for a single
'determination so when sample size is limited and

concentration is near the sensitivity limit there can be a

problem.

Atomic absorption spectroscopy, with production of
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atoms by means of electrical heat rather than a flame,
offers greater sensitivity but requires smaller samples.
Because of the latter requirement concentration of samples
may be needed for optimal sensitivity with dilute samples.
Agett (1971) investigated flameless AAS using a carbon
filament to atomize the gold in ‘an atmosphere of: argon.
Attenuation of the gold signal byvthousand fold excesses of
cerium, copper, chromium, irbn, manganese, molybdenuﬁ,
nickel, palléd}um' or tungsten occurred. The interference
was eliminated by restricting the viewing field used.
Sensitivity was 2x10-10 g. Later the method was applied to
2 microlitre serum samples (Agett, 1973) . No sample
preparation was required; thg‘instrument‘uas operated in a

four cycle mode: dry at a relatively 1low temperature, ash
. .

organic material in two steps at wvo different temperatures

and ahalyze at the highest temperature. The precision of.

the method was 4% (coefficient- of variation). After

. rd
considering the differences in sample siz€ regquired for

flame or flameless AAS, Agett (1973) concluded that the:;

o,

&

eree™

flameless technique was 20 times more sensitive.  Agett ~

S Q
(1971) achieved better sensitivity (5x10-12 g at 242.8 nm

and 4x10-12 ét 267.5 nm) using.atomic fluorescence; hovevef
noVapplication to .biological samples was made. A
v . ‘ !

Re
2

~.

Radioactive tracers of gold have been used to study the

didtribution of gold and to calculate the gold concentration

-

<o
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in tissues bf simple isotope‘dilutions. Gold-198 is most
commonly used (Lawrence, 1961; McQueen, 1969; Oka, 1973;
Sﬁith, 1973; sSwartz, 1960; Tonna, 19@3). It.has a half life
of 2.7 days and ngcays by beta a:; gJamma emission. Thé'
0;&1& MeV ganmma is used for detection. Counting tissues and
organs of patients given r&ﬂggactive gold permits studies of
gold distribution in humans (Oka,} 1973;31L;wrenco, 1961) .
Because ;?>the beta com;onent of its decay, autoradiogréphy
is possible (Tonna,.1963). The energy of the beta is 0.962
MeV so this results in poor resolufion. The relatively
short half life of gold compared to the long time which gold
remains in the body makes 1long tgrm Studies using 198ay
impossiblgr Gold-195 which has a half\iife of 183 days and ,
decays by éamma emission partially overcomes this problenm.
The 98.5 FKeV gamma is detected. Gottlieb (1972b),vGerber
(1972a,c) and Jeffrey (1958). used this longer half 1life
isotope of. gold When gold has alre;dy been administered

from counE%ng dioactivity may not accurately_geflebt gold

to the subjectt§i§:r to the.isotobe, gold lewvels calculated
levels in slowgy—'zquilibrating compartments of the body
whi;h may exist for gbld. Studies by Gerber (1972aj énd
Gottlieb (1971b) showed that gold-195 and stable gold in
body flqid did equilibrate freely. Of the other isotopes of
gold, only 196au (half life 6.18 days) and 199au, (half life
3.15 days) have sufficiently long half lives to be wuseful.

They offer no advantage over 19spu,



108

Activation analysis, where a sample islirradiated with
nuclear particles such that some of the atoms of fhe' sample
will interact with the nuclear particle and be <onverted
into different isotopes, is very useful for the analfsis of
gold in biological materials. Several nuclear reactions can
be used to activate gald. The cross section of the nuclear
‘reaction which is a meas.L~ of the vprobqbility that the
nuclear particle will interact with the nucleus of the atom
being ir;qdiatéd, also gives a measure of the sensitivity of
the reaction for activation analysis. The following.
'reactions_ape/possible:
h | 197pu (n,gamma) 198Au - 98 barns, thermal neutrons
197Au(n,gamma)l98Au) - 1SSé barns, .-epithermal
P neutrons
197Au(ﬁ,2n)‘96 Au - 0.142 or 2.6 barns, 14 MeV
neutrons
197Au(n,p)197Pt - oipozu or 0.020 barns, 14 MeVv
neutrons
197Au(n,alphé)19*1r - 0.00043 or 0.00QS barns, 14
MeV neutrons |

[ ] > .
(Texas Nuclear, 1964E>Gillespie,_1961; Lobandov, 1966). The

! = -
most sensitive reaction for gold is the n,gamma reaction

proﬁucing 198Au. A possible interfering reaction is

198Hg(n,p) 198Au but this is negligible in biological samples

(Brune, 1966). A more important source of interference in
&
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biological samples is the production of large amounts of
24Na which results in a large backgrodnd even when high
resolution detectors are used, such as theQbe(Li) detector.
Tﬂe use of epithermal_néutrons results in a decrease in this
interference. This is because the ‘resonance integral for

197py is 1558 barns compared to its thermal neutron cross

- section of 98 barns, giving a ratio

f 15.8, while the
resonance integral/ thermal neutron eétion for 23Na
is 0.5 (Lobanéov, 1262) . When the sa | e is irradiated in a
cadmium shell, thermal neutrons up to 0.4 eV are absorbed
éna activation is due to epithermél neutrons. Debons (1962)
in §tudying gold levels in aurothioglucose treated mice did
not find the use of cadmium shells necessary. Sensitivity
of neutron activation analyis (NAA) depends on the flux of
neutrons used in the activation ' process. Typically 1012
n/cm2-sec are available "in reactors which will giv-
sensitivifies.ofl10‘11 g g;ld with irradiation to saturation
(Rakovic, 1970). When irradiating a simple mixture of -two
elements, ‘the element of interest producing an isotope of
short half life and the other element producing an isotope
of 1long- half 1ife, short irnadiation‘periodS'will make the
activity of the elemeﬁg:of interest much greater than the
activity of the interfefing isotope. In the opposite case
'j;here the lony half life-isofépe is the element of interest

it would be better to irradiate for a long time till the

short half life isotope is saturated and the long half 1life
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isotope 1is still approaching saturation, then allow a decay
period for the short half life isotope to decay away. In a
complex mixture, such as blood, there are manyApléhentg
whicﬂ could be actiQated and the optimal irradiation and
decay time for the highesf ratio of 198Au counts to
interféiing counts is a comp}ex function of all the\eiement§
present. Plantin (1%05) published data on the activity of
trace eléments in 1 ml of whole blood irradiated‘uith
3.4x1013 n/cm2-sec of thermal neutrons. .Using‘this data the
optimal irradiation and decay .time required for best
detection of gold has been calculated using a Focal progranm
(Appendix I). - Using exponential activation -and decay
equations and considering only gamma emitting isotopes with
energies greater than 198pu (0.411 MeV) the optimal
irradiation and decay time for 0.1.ml of blood irradiated
with 2x1013 n/cmz-sec was determined to be 12.5 \days ‘(29u
hours) irradiation and 7.75 days (186 hours) decay. ‘This
should give 1600 dpm ilue to éold in blood of a normal
individual‘who has never received gold therapy. Normal‘gold
levels/ in blood are 10—11 to 10-9 g/g.' Examination of
procedures applied to NAA of gold in biological samples

reveals that optimal irradiation and decay times have not

been used, thus reported sensitivities are not the maximum

- attainable. Activation times of 0.5 to 100 hours at neutron

fluxes of 5x101% to 2x10!3 n/cm2-sec with decay times of 20

hours to 18 days have been used, achieving sensitivities of

Sy



2.7x10-9% +to 5x10-8 g/9 of sample (Babb, 1967; Botzvédze,
1969; Brune, 1966; Debohs, 1962; Helby, 1962; Kanabrocki,
1965; Parr, 1963; Rubin, 1967; Solvsten, 1964; Tobias,

e
1949) . Both nondeftructive Naa, where  there is no

*
Vtédiochemical separation of 198Ap4 after irradiation (Babb,
1967; DPebons, 1962; Helby, 1962; Kanabrocki, 1965; Rubin,
1967) and destructive NAA have been employed. The latter
used ion exchange reéins (Botzvadze, 1969; Brune, 1966 ;
Gisbo;s, 1958), chemical separations (Parr, 1965; Solvsten,
1964), or Precipitation of gold (Gibbons, 1958) . Precision
of the NAA method for gold applied tovbiological samples has

been reported as 2-10% (coefficient of variation) (Gottlieb,

1972b; Rubin, 1967; Solvsten, 1964).

Neutrons are not the only | means of inducing
'radioactivity;.High eneréy gammpa rays and pfotons .can also
be ﬁsed (Waiﬁerd;, 1965) . 195Au(gamma,§émma)l97Au Feaétion
has a sensitivity of 0.1 mg, the metastable goid\has a ‘half

life of 7.5 seconds. i97Au(gamma,n)196Au re;ction.hag a
sensitivity of 1.2 nanograms; the 196Au has a half life of 6
days.(Lenihan, 1972) . X-ray and gamma ray spectrogréphy can
be used to analyze gold with sensitivities for §old of 21
-mcg/g (Burkhalter, 1970; Earle, 1969). Applicétion to the
analysisv'of gold in biological samples . has not been

reported. Excitation can also be produced by ions,

electrons, and laser microprobes in the determination of

.
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gold in biological samples (Tretyl, 1972). These techniques
are suited to localization of gold within tissues since
small Samples are used. The ion)microprobe uses a 10-11 g
sample and achieves a sensitivity of 10-10-2 ppm. The
electron microprobe uses a 10-12g sample and has a
sensitivity of 103-10 ppm. The la¥®eT hicropfobe¢requires a

10—8g sample and hés a sensitivity of 102-10—-1 ppma.

Histochenmical techniques. _have been used for
localization of gold in tissues. Elftman (1945) used a
.

technique which reduced gold to rose colloidal gold in the
tissue with stannous chloride. Querido (1947) developed a
photochemical technique for the 1localization of gold in

¥ .
tissue. Electron microscopy can be used to localize gold in

tiééhes if it 1is deposited in colloidal particles or in
sufficiently large aggregates. Gold"dissolved ‘in tissues
cannot be localized by electron micrdscopy becéusé atoms
cannot be resolved.

It can be seeﬂ that all t;e methods for the. analysis of
gold determine gold as an element and not the intact gold
compound, Perhaps chromatography of gold compounds cogld be
useful. 3 the analysis of intact or altered chemical forms
'of gold in the body. Chromatography of thiourea and
dithiozonate complexes  of gold has been reported

(Marcdtrigiano, 1972; Seiler, 1969). Table 4 summarizes the
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sensitivity of various methods of gold analysis.

&
. TABLE 4 METHODS FOR ANALYSIS OP GOLD AND THEIR SENSITIVITIES
Method " Absolute Relative
' sensitivity sensitivity
g g/9 or g/ml
Gravimetric 2x10—-5
Absorptiton spectroscopy | 1x10-7 2-5x10-8
Emission Spectroscopy : 6x10-6
Polarography 10-6
AAS flame | ' 0.5-3x10-7
- AAS flameless 2x10—9 :
Atomic fluorescencetl 4x10—-12
NAA (n,gamma) ] 10—112 0.26-5x10-8"
Gamma Spectrography?!
(gamma,n) 1.2x10—9
(gamma,gamma) 10x10—+
Ton microprobe 10-17-10-19 10-8-10-5
Electron microprobe 10-15-10—-17 10—-5-10—3
Laser microprobe ) 10—12-10—-15 10-7-10—¢

A~

! no reports of application to biological samples.
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The review of the possible modes of actiéh for gold
indicates that the mechanism of action of gold is still not
known. Investigations of the possible role of endogenous
corticosteroids in the acti;n of gold are incomplete.
Clinical impressions suggest that patients who show toxicity
to gold show a greater incidence of remission of rheuhatéid
arthfitig than do those who do not develop foxicity
(Krusius}" 1970; anles, 1956; Freyberg, 1966; Copenan,
1937); however statistical evidence contrary to this vig%
has appeared (Eﬁpire Rheumatism' Council, 1961b; Hartfall,
1937; Gottlieb, - 1972b). Toxicity mdy bring about
improvement by stimulation of the adrenal cortex’leading' to
increased endogenous 1levels of corticostergids, Secondly
since gold 1is accumulateé by tHe reticulo-endothelial cells
of the adrenal, cells ﬁhich havé a predominant role ‘in 17-
hydroxylation of steroids, gold could act to stimulate
biOsyntheéis of steroids in theée cells. Studies in rats,
animals thiéh are predominantly corticosterone secrefors,
would not detect this type of stimulation of corticosteroid
biosynthesi§._ Man is 'bredominantly a coftisol secreting
animal so stimulation -of the biosynthesis bf cortisol by
gold could occur in man even when it was undgtected in rats.
Studies in man were largdly confined to the detefﬁination of
the urinary excretion of 17-ketosteroids, which is not ‘a.
good index of adrenal activity since 17-ketosteroids are of

both adrenal and gonadal origin and their excretion depends



116

on liver function, for ‘metabolism of 17-
hydroxycorticosteroids to 17-ketosteroids and on kidney
function for excretion. The active 1evei of corticosteroid
in the bod§ depends on many factors: the biosynthesis and
gecretion of corticosteroids by fhe adrenal, the secretion
of ACTH by the anterior pituitary, .the secretion - of
corticotrophin releasiﬁg factor by the hypothalamus, the

metabolism of corticosteroids at hepatic and extrahepatic

sites, - excretion by the _kidney, protein binding of
‘"corticosteroids, and the circulating " levels of
corticosteroids. Feedback control mechanisms depend on the

level of unbound corticosteroid circulating in the bldod, so
changes at any level in the systen, uhifmpensated by
‘homeostasis or some other mechanisms, will be reflected by

changes in circulating corticosteroid levels.

' The approach taken in this" study was to determine
circulating levels of cortisol and‘also to determine protein
binding parameters for circulating cortisol in various human
subjects; Beéause gold is slow in exerting its thefapeutic
_gffect, it is necessary to have gdld treated patients at
véridus stages of gold therapy. The study group consisted
of patients, chiefly with rh?umatoid arthritis. The
patients fell into two groups: one group receiving gold
therapy,'tpe other group not receiving gold therapy. A
third group of . 'normal' individuals was used to indicate

that the methods of analysis gave reasonable values for
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normal subjects. This 1is not strictly a control group

bgcauée of differences between ages of this third group and
fhe disease groups; how ver the purpose of this
investigation was to study the effect of gold therapy. The
effect of the diséase, rheumatoid arthritis on
corticosteroids has been thoroughly investigated, as is
apparent from the i1 roduction. Plaéma cértisol levels and
cortisol binding wer- c:-——pared in both the gold and non-gold
disease gréups. Alzn co.rtisol 1levels and binding were
stratified according to :tage of gold therapy, as measured

v

by plasma gold levels, in an attempt “to determine at which
g

sta%g of gold therapy, gold ther-py affected coftisol, if an

efféct occurred at all. Within the gold group were some

patients who were newly initiated to gold; in these

Eatients, who were used as their ouﬁ controls, cortisol

levels and binding were compared before and ‘duting gold

therapy. In order to complete this project, methodology for

the determination of plasma cortisol, cortisol plasnma .

binding parameters and plasma gold had to be worked out or

adapted from existing methodology. Secondary to the main

purpose of this project, informatioh was available on the

relationship between adverse reactions and plasma cortisol
and gold levels. Information was also available on several
factors affecting plasma gold levels.

.

The second phase of this work was an investigation of

-

3



cthsiasis, a rare long term side effect of gold therapy,
;hich results 1in a permanent_alteration_of pigmentation of
the skin in light exposed areas of the body such that the
skin has a bluigh to gray hue. Previous investigations of

chrysiasis have demonstrated that gold particles are present

in the skin but na)quantitation of gold in skin of patients'

with chyrsiasis has been made. Chrysiasis is a dose related
phenomenon according to the literature. Skin, hair, nail
and blood gold 1levels were detgrmined in 3 patients
exhibiting chrysiasis amnd in . patients not exhibiting
chrysiasis but who had been‘ treat@d with "gold. Attempts
were made to correlate gold dose with_ skin gold levelé. In
order to complete this part of the study highly sensitive

methods for analysis of gold in small samples were required.

L
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‘ A. MATERIALS .
(1) CHEMICALS
Cortisol, British Drug Houses, Toronto, Ontario;

recrystallized from alcohol .

. ~
v J

Cortisol-1,2-T .(05*55 Ci/mM) in 9:1 ethanol:benzéhe,
Amersham Sear;e, Des Plaines, Illinois. The radiocompouﬁd
purity of isétopes was checked.by thin layer chromatography
on = silica gel using the folldwing solvent systems:
chloroform : absolute ethanol (9 : 1), chloroform :'abs;Yute
ethanol (7 : 2), chloroform : acetone - (2 : 8).
Autoradiography of the chrbmatograms revealed only one spot.
The radioacgiye .cortisgl was stored at ;10°C,'but was not
frozen because of the ethanol in the solution. All binding
expa{iments iere done using 3H-cortisol of sﬁecifié activity

45 Ci\(mM.

Z,S—Diphehyloxazol (PPO) , scintillation grade, Kent

Chemicals Ltd, Vancouver, British Columbia

T

1,u-Di-[2(5-phényloiazolyl)]-benzene (POPOP),, scintillation

grade, Kent Chemicals Ltd, Vancouver, British Columbia

’

Fuller's earth, technical grade, PFisher Scientific Ltd.

Pittsburgh, Pennslyvania
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Gold chloride (HAuCl1l,.3H,0)5, Baker reagent ' grade,

Phillipsburg, New Jersey, analysis 49.1% gold

)
—

“

Gold powder, Alfa. Inorganics, Beverly, Massachusetts, Lot

10570 analysis 99.9999% gold

Hexafluoroacetylacetone (hfaa):‘ Pierce Chemical Company,

Rockford, Illinois

2

sodium aurothiomalate, Poulenc Ltd, Monfreal, Quebec, Lot

10548, analysis 42.34% gold

Sodium aurothiomalate injection, 25 mg/ml, Poulenc Ltd,

Montreal, Quebec, Lot'16, analysis 52.48% gold

Trifluoroacetylacetone (tfaa), Pierce Company, Rockford,

Tllinois ’ -

L)

Toluene tritium calibrated standard, New England Nuclear,
Dorval, Quebec, NES-004
Water, demineralized and distilled in.glass distillation

apparatus

| it
Drugs used in the inte:ferencéQStudies were pure substances
RS :

except as indicated below. .o f \

%
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D-Propoxyphene, Lilly, capsule’

Prednisone, Elljiot-Marion, tablet
Methylprednisolone acetate, Upjohn, Suspension
Betamethasone, Schering, suspension
Indomethacin, Merck Sharp and Dohme; tablet

Amitriptyline hydrochloride, Merck Sharp and Dohme,

tablet ;
Diazepam, Horner, tablegv P
Chlordiazepoxide hydrochloride, Horner, capsule

Primidone, Ayerst,?tablet

Propantheline bromide, Searle, tablet

- orphenadrine citrate, Riker, tabilet

H

-

A1l other chemicals were reagent grade or better.

@

The foliowing solutions were used. ’ i%
Brays' Solution : L

Naphthalené - 60g

PPO o | 4 g v

_ N _

POPOP ) . 0.2 g -

Methanol , 100 ml

Ethylene glycolv . . 20 ml

Dioxane to ’ | 1 litre

A

Ringer's Solution

‘.‘5’*}-
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¥Sodium chleride 0.65 g
‘ Potassium chloride ) 0.014 g
CalciumAchloride O.Qﬂ2 g
Sodium bicarbonate 0.020 ¢ @
Sodium acid phosphate 0.001 g
Distilled water to 1 litre

.

(ii) BLOOD SAMPLES

Blank plasma was plasma ,téken from persons who had not
received gold tt~rapy. Except where indicated otherwise,
venous blood samples uére taken into.citréted 'VYacutainers?,
BéEton-pickinson and Company, ‘éolumbus, Nebraska. ‘Each
'Vacutainer' «contained 0.5 ml of 3.8% sodium citrate'asj
anticoagulant. The volume of each blood sample was measured

so that correction for -dilution by ﬁhe citrate solﬁtion

s/ could be made. Blood 'samples vere centrifuged within 2
hours of sampling to separate red blood cells. Plasma was

usua}ly stored at -10°C. 1In some cases, where specifically

.2indicated, it was stored at 5°C or used fresh. Red cells
' <

‘;;F

j‘!‘j;?v

and clot were stored at 5°C.

$

(1ii) INSTRUMENTS
Atomic _ absorptibn' spectrophotometef, " Perkin-Elmer,

Norwalk, Cofineticut, Model 290B, equipped with a 2 inch
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single slot burner, a Beckman 10 inch recorder Model
1005. Operating conditions: wavelength = 242.8 nm,
oxidant air 14 units 40 psig, fuel acetylene 14.26 units

8 psig.

Atomic absorption spectrophotometer, Perkih;Elner, Model
3058, equipped with deuterium background éorfection, HGA-
2000 carbon - tube fufnace, Beckman 10 inch recorder.
Operating conditions: wavelength = 242.8 nm, purge gas
nitrogen 7 units 40 psig, dry 30 seconds at 200°cC, char
30 seconds at 900°C, atomize 7.5 seconds at 2506°C,

sample size= 50 microlitres. 2

Liquimat 220, Picker ‘fuclear, white Plains'New York,
‘ equibpéd with cesium-137 external standargd. Instrument
settings: A 10—350; C 250-450, D u450-~900, calibrate dt
SOD}\(Quench'—corzectiQn ‘"was done using the external
sgzﬁdagd channels ratio method usihg a set of quenched
standards (5 or 10 ml total volume)iprepared using Bray's

solution as solvent, carbon tetrachloride as quencher,

and tritiated toluene as standard.

PDP 8/L and 'PDP-1105 computers, Digital Equipment

Corporation, Maynard, Massachusetts, language Focal.
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B. GOLD ANALYSIS

(i) GOLD CHELATES

[

Volatile derivatiwe§ of,sgme\gifals have been prepared

by <chelation of the metgl with flubrlnated beta diketones

o

‘Ross, 1970).

ﬂ - "’H\O'
CHyC—CH=C~CF,

I ~
O_-—H\?
I
C Fy- C— CH=C—CF,
II1

If a volatile derivative of a metal can be prepared it  wmay
be ,possible to determiﬁe the metal quantitativelx by gas
liquid chromatography. Use of electron capture detection
should give high sensitivity ‘(2x10—1‘ g reported for

chfbmiuﬁ) (Ross, 1970). Aluminum, beryllium, cobélt,
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copper, chromium, gallium, hafnium, iron, ipdium, lithiunm,
magnesium, E;;ganeseé, nickel, palladium, platinum, rhodium,
scandium, strontium, thoriunm, {titanium, uraniuﬁ, yttfium,
-zinc .and zirconium have been chromatographed as metal
chelates (Ross, 1970; Tayior, 1971; Sieck, 1971; Bayer,
197.1) .. Preparation‘-of~ gold chelates of this type has not
been réported, so attempts were made to prépare tfaa and
hfaa gold chelates with a view to using the& for
quantitation of gold by gas chromatography. 1In ordernto be
useful analytically, the reaction between gold and the
chelator must be gquantitative and the chelate formed must be
sufficiently ;olatile.and stable >to‘ be amenable to gas
chromatography. ‘

A. To 0.001M gold metal (dissolved in aqua regia) was added
0.0C26M tfaa (aqueouiﬂ suspension); after the addition of
ammonium hydroxide a yellow precipitate formed which was

positive for goldlﬂ but was insoluble 'in benzene and

acetone.

L4

B, To 0.C01M gold metal (dissolved in aqua regia) was added
0.0C26M tfaa (in U4C% aqueous ethanol); after the addition of
ammonium hydroxide a brown precipitate formed which was

pdsitive-fcr gold, insoluble in benzene, or' hydrochloric
r

! Test for gold using rhodamine B (0.5% _aqueous solution) :
one drop test solution + one-drop hydrochlorlc acid + one
drop rhodamine B, shake with six to elght drops of benzene.
If gold 1is present, the benzene layer turns red-violet to
pink; and after one minute under quartz lamp displays orange
fluorescence. Limit of detectlon 0.1 - micrograms’
(Feigl, 1958). S _ , N :
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acid-benzene, but soluble in hydrochloric acid-ethanol. The
precipitate exhibited no absorption in infrared region. The
remaining aqueous solution was also positive fér gold.

c. Auric chloride, 0.001M (dissolved in water and
neutralized with sodium'bicarbonate) was heated under reflux
with tfaa, 0.004M. A brown green precipitate formed which
wvas positive for gold, insoluble in water, or acetone, and
exhibited no absorption in infrared. When the aqueous ph;se
was extracted with benzene it yielded a brown oil (positive
for gold, absorption in infrared notably 1710 (s) and 1620 (w)
cm—1l, The carbonyl absorption of tfaa occurs at 1600 cm-1,
which is characteristic of C=0 absorption for beta-diketones
in thé-enolic form (Dyer,1965). Belford (1956) reported
that copper chelates of these'typé of beta-diketones have
/absorptiohs at lower frequencies than the 1ligand. This
suggests that . some chelate was' obtained; however the
Teaction and éiéféEtion iis not complete because the
reméining w;queous' phase was still positive for gold. The
elemental amnalysis (C 95.8%, H 5.3%) did no correspond to
any _-forﬁulae' proposed for the chelate [ (C;H,0,F ) Au
requires?C 27.4%, H 1.8%; CsH, 0,F Au reguires‘C 17.3% H 1.1%
1. |

D. Auric chloride (€.985mM) was heated under reflux with
tfaa ‘kSmH) for two hours,v A precipitate.formed which was
positive for gold and which had a‘weak ;nfrafed absorpfidn

ir the carbonyl region. Distitlation yielded only tfaa

(confirmed by infrared) so no volatile derivative of gold



128

had been formed. - ' ‘ ~

"E. Auric chloride (0.986 mM) was heated under reflux with
hfaa (5 n#, dehydrated with 36 N sulfuric acid). &
preéipitate which was sbluble in acetone ués formed. The
precipitate decomposed on heating. A solid which sublimed
on the ngluxing apparatus was shown by infraredvto be hfaa
dihydrate.

F. Aurié chloride (0.03M, neutralized with 0.2 M sodiunm
Eydroxide and buffered-in the range pH 1.2 to 13) was
extracted. with 10 volumes of tfaa in benzene (0.1 M). Gold
in . each phase was determined by atomic absorbtion
spectroscopy. The aqueous phase vaé diluted 1 to 50 then
aspirated into the atomic absorption'apparatus, while a 0.2
ml aligquot of the benzene phase\was evaporated to ﬁryness
then dissolved in 0.2 ml of aqua fegia ‘which was

subsequently' diluféd "to 10 ml with distilled water and
aspirated. The greaté;t extraction of gold was at pH 7
(Table 5). When gold chloride was extracted with benzene
lacking tfaa no gold was found in the benzene phase. In a
.similar series with hfaa (dehydrated Qith sulfuric acid)

covering pH 1.2 to 6 no gold could be extracted inté the

benzene phase.

It appears that gold does form a complex with tfaa;
however the low yield (13.92% at pH 7) makes this approach

unsuitable for quantitative analytica} work; therefore the

3
/

!
I
1

/
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preparation of gold chelates was not pursued further.

TABLE 5 EFFECT OF pH ON EXTRACTION OF GOLD BY 0.1 M
TRIFLUOROACETYLACETONE IN BENZENE

o o]

% Gold in benzene phase
3.39
2.11
1.06
1.06
3.39
4.65
13.92
11.40
6.35
10 5.50
- ~ 11 2.11
12 2.1
13 1.06

.
N

WOIAUVEWN AT

(ii) ATOMIC ABSORPTION SPECTROSCOPY

a. ANALYSIS OF GOLD IN PLASMA SAMPLES BY FLAME ATOMIC

ABSOBPTION SPECTROSCOPY

The method used ;as essentially that of Lorﬁer (1968a)
vith modifications _as described beldv.4~ Standard curves
'ﬂcovering the range 0-20 mcg/ml of gold were prepared .each
day wusing freshly prepared gold standards beéause of the
instability of dilute gold solutions (Beamish, :1961). The
standards weré prépafed in one of two ways: (a) dilution of

gold chloride with demineralized distilled water to give
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aqueous staﬁdards of fhe required concentration, (b)
dilution of gold chloride with a 1:1 mixture of blank plasﬁa
and 2% sodium lauryl sulfate to give plasma standards of the
required concentration. A typical aqueous standard curve is
given in Figure 8 and a typical plasha standard curve is
given in Figure 9: It will be noted that the slope of the
plasma standa;d curve is léss than that of the aqueous
standard curve indicating lesser response fof a given gold
concentration in diluted plasma compared to water. This is
likely due to a slower aspiration rate for plasma because
the diluted plasma has a ﬁigher Viscosity &han water.
DPilution of p1a355 with an equal volume of 2% sodium lauryl
gulfate reduces the viscosity éf plasma - sufficiently to
allow 3%ficient aspiratjoa—but not sufficiently to equalﬁthe

S ———
aspiration rate for water. It will also be noted that the Y
intercept of the plaéma staﬁdard curve is not equal,to zero,
indicating a blank fbsorption for plasmé. When diluted
plasma containing no gold was aspirated 1-2% response was
- observed . but thislcould not be measured accurately. The Y

4

intercept of the plasma standard curve giveg an estimate of
L 4 . ('S
: g

the blank response due to plasna. '

3
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These differences in the plasma and aqueous standard
curves indicate that correction for plasma blank and 1lower
efficiency. of detecting golq in plasma‘must be made when
plasma samples are compared to.an aqueous standard curve. A
group of plasma samples were assayed in comparison to an
aqueous -curve ‘aftef correction for blank by subtraétion of
1.9% absorption from the observed % absorption. The gold
concentration obtained in this manner was compared to the
known’'gold concentration to obtain the % recovery ot gold.

The average recovery was 84% (Table'6).‘
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TABLE 6 RECOVERY OF GOLD IN PLASMA AFTER CORRECTION FOR
APPARENT BLANK?1 - '

Type of Sample Gold % recovery
concentration
mcg/ml
a Gold sodium 2.5 92.2
thiomalate 2.5 82.8
2.5 82.8
6.25 89.8
7.5 87.2
7.5 87.2
7.5 8u4.1
11.25 85.3 -
12.5 . 86.2
17.5 83.1
b Gold chloride 8.16 84.1
+ Gold sodium 8.16 77.3
thiomalate 8.16 74.4 Cos
11.91 - 86.5
18.16 ’ T4.9

! Observed % absorption was corrected for blank of 1.9,
then gold concentration was calculated using a
calibration curve derived from gold choride standards. -
Subsequent determinations of plasma standard curve gave a
similar value suggesting that the blank value is
constant. Mean t standard deviation for a = 86.0 = 3.1,
for a and b 84.0 + 5.1.

.

A group of. plasma samples were prepared at known
concentration by éddition of gold to blank.plasma:i These
samples were assayed using a plasma standard curve and also
using an aqueous ‘standard ‘with subtraction of the biénk
(1;9%) from the absorption for each‘sample, and correct%fn

of gold «concentration from standard curve for ecovery

(84%). Table 7 shows.that the two methods gave: comparéble

[
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results for gold content ‘of plasma. samples.
TABLE 7 COMPARISON QF SINGLE RECOVERY CORRECTION FACTOR AND

AQUEOUS STANDARD CURVE TO NO RECOVERY CORRECTION AND PLASMA
STANDARD CURVE

Sample . % of correct value Plasma standard
concentration . aqueous standard curve, no
ncg/ml - curve, single recovery factor
recovery factor
2.5 109.8 - 93.1
7.5 103.8 : ' 104.5
8.16 i 88.6 ' 88.6
11.25 7 101.6 105. 1
17.5 ‘ ] 98.9 104.3
mean 100.5 99.1

s 7.8 7.7.

The chémical form of gold in the plasma of patients
treated with gold sodiuﬁ thiomalate is ndt known; therefore
it was of interest to compare the response for gold in ionic
form (gold chloride) and 1in covalently bonded fornm (inld
sodium thioﬁalate);"sténdard curves prepaEFd using these
two~ forms of gold were not significantly different (Figure:

10) ; since F calculated for the variance about regression

for each form of gold Qas not significant.
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For the assa of gold in plasma samples, one ml
little as 0.5 ml co ld be used) of plasma was diluted with
an equal volume f 2% sodium lauryl sulfate and aspirated
into the flame. A set of standards were measured several’
times dhring any given assay. The concentration of“gold in
the sample was determined by comparison .vith thé -standard
curve. A program (Appendix I) was used to calculate hy
regression ¢the equation of the standard curve, to
interpolate the gold concentration for the Sdmples, and to
correct for ailution. This method of determlnlng gold is
rapid, allowing 36 samplés  to be run in a dalfuday.
Clogging of the burner slot may occur after‘ﬂﬁpiraﬁion ofléu
plasma containing solutions. When this occurs it is
hecessary to shut off the flame'and clean the slot with a
razor blade. If the burner slbt is kept «clean in this

vey, there is little change in sensitivity during an agfay.

Precision -of the assay, expressed as s£andard deviation
of replicate assays of a plaéma sample containing 4 mcg/ﬁl
of géld,’was 0.59 mcg/ml (coefficient of variatidnv=‘13.8%).
The sensi£ivity, defined as the concentration of gold giving
1% absorption, was 0.21 mcg/ml for aqueous standard cur‘.F
| and O 26 ‘'mcg/ml for plasma standard curves. These valués
were obtained by takiﬁg the reciproca} of the slope of the
_standard curve.: Because  plasma samples were diluted with an
eéual volune of sodiunm lguryl sulfhfe solution prior to

5
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assay, the sensitivity for aqueous and plasma samples was
actually 0.42 mcg/ml ana 0.52 mcg/ml, respectively. The
noise level was usually 1-2% absorption. No improvement in
sensitivity‘\was obtained by scale expansion of the output
signal because the noise level also increased. | .
b. .~ ANALYSIS OF GOLD IN TISSUE AND BLOOD BY FLAMELESS ATOMIC

’ ABSORPTION SPECTROSCOPY
g

The Perkin-Elmer 305B atomic absorption
spectrophotometer equipped with an HGA-2000 carbon tube
furnace was used to assay gold in skin, hair, fingernails,
plasma, serum,‘red blood cells or clot. It wasifouqd to be
ecessary to wash all glassware in aqua'regia then rinmse it

ith glasé' distilled water . Stahdard curves covering the
N
000 picograms (pg) of gold were prepared (Figure

11) with no scale expansion and cQVering the range 5-1250 pg
gold with séale expansion 3 (Figure 12). The sensitivity
was 49 pg with no sc o expansibn and 16 pg with x3 scale
expansion. The noise level was very low; it was virtually
- absent with no scale expansion and was less than 0.25%°
absorption with x3 scale expansion. Fift& microlitre
Qolumes of éamples and-standards weré élways-qsed. Haig and
/

nail specimens were washed ‘with distilled water to remove

possible sﬁrface contamination. Samples of red blood cells,

. ’
- © b

¢ E : )
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clot, skin, hair or néils were weighed. A measured leume
(0.1 ml) of plasma or serum was Wweighed. The organic
material was digested with concentrated nitric acid” (0.1
ml/ml final dilution) by gently heating (45°C) overnight.
The samples were then diluted ;qith distilled water to a
known volume such that for tissue.saﬁples the dilution was
about 1 . mg tissue/ml ofvsolution and for blood specimens
about 10 mg/ml solution. Fifty microlitre aliquots of this
"~ final dilutioh  were aséayed by flameless atoﬁic absorption
.~épectvﬁécopy at either no or x3 scale expansion depending on
Fhe gold content of the tissue,. Several replicate analyges
were made for each sample. Gold content of aliquots were
calcuated from the eéuatidﬁ of the standard curve. The

'

actual sample gold concentration was obtained by correction

for dilution./////—\\\\\ ‘ e
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Precision of fhe assay expressed as standard deviation
of duplicate analyses for a given dilution was 0.06 mcg/g
(number of duplicates = 52; concentration ‘range 0-10. mcqg/q),
1.873 mcg/g (n=7, concentration range 10-20 mcg/q), 1.816
mcg/g (n¥u, concentration range 30-60 mcg/g),»1.u98 mcg/g
(n=2}_concentration range 60-90 mcg/g), and 11.884 mcg/g
(n=2, concen£ration range 120-150 mcg/qg) . .

Plasma, hair, fingernail énd skin from normal
ihdividuals who had not received gold therapy gave small
responses when processed in the mamner described above
(Table 8). The absorption was not related to vthe
concentration of tiésue inAtpe solution, therefpre this is

not a matrix effect. Distilled water or diluted nitric aciad

gave no absorption.

/,
/v

/7
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TABLE 8 RESOULTS OBTAINED .BY PLAMELESS ATOMIC ABSORPTION PFOR

SAMPLES

Sample

hair
hair
. hair-

hair

nail

plasna
‘skin

Concentration
of tissue

in assay
samples

ng/ml

3.98
11.9

48,6

0.605
0.655
10.816
about 1

1 noisy signal.

2 mcg/ml.

COOO&ETUVNaw

FROM NORMAL INDIVIDUALS NOT RECEIVING

Response -
x1 _ x3 ‘
)
¢+ 2.9, 2.5
e 1,1
¢ 5,
.5, 4.51 N
.5 1.8, 1.9
5 1.5, 1.8
<5, 0.2 1.3, 1.2
, 0.5

i

GOLD THERAPY

Equivalent
gold content
mcg/g P
x1 x3
0.499

0.230

0.088

0 0.642
0 0.494
0 0.0182
0
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(iii) NEUTRON ACTIVATION ANALYSIS OF GOLD

2

Non-destructive neutron ac;ivation analysis of gold 1in
skin samples, or blank ‘plasma yith known added amount of
dold sodjum thiomalate was performsd “Zy comhercial
activation analysis services. samples were weighed, Ereeze
-dried in plastic tubes, re-weighed, - and then shipped for
activation analysis. Conditions of analysis by Intelcoam Rad
Tech Activation Analysis Service, Box 80817, San Diego,
Califo;nia, CA 92138: 30 minutes 1irradiation "in thermal
neutron flux of 1.8 x 1012 n/cm2-sec; count 0.411 MeV gamma
of éctivatéd 1983y, Conditions for analysis by Atonmic
Energy of Canada Llimited Commercial Products Act}vation
Analysis Service, Box 3700, Station C, Ottawa, K1Y 4J3: 330
minutes irradiation in a thermal neutron flux of 1012 h/cmz-
sec. Table 9 shows resulté of the analysis of plasma
samples containing known amounts of gold. Table 10 shows a
‘comparison of the results for aliquots of the same skin

sample analyzed by both neutron activation 'ana1ysis and

flameless atomic absorption spectroscopy;
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TABLE 9 NEUTRON ACTIVATION ANALYSIS OF GOLD ADDED TO BLANK

PLASMA1?
Volume of plasma gold mcg % of
ml Known Found2 +true. value
Intelcom Rad Tech
0.010 0.04 0.041 102
0.025 0.10 0.100 100
0.050 0.20 0.190 93
Atomic Energy of Canada LIMITED
0.025 0.10 0.100 100
0.050 0.20 0.190 95

1 Plasma contaihed 4 mcg/ml gold as gold sodiunm thiomalate. -

2 r=0.9997, p<0.001, df=3, Y = 0.9224 %+ 0.0061, where Y =
found, X = known gold content. ' .

.

TABLE 10 CORRELATION! OF GOLD CONCENTRATION (MCG/G WET
TISSUE) IN SKIN, ANALYSIS BY NEUTRON ACTIVATION ANALYSIS AND
BY FLAMELESS ATOMIC ABSORPTION

NAA ) AAS
tissue weight gold mcg/g tissue weight gold mcg/g
mg : ng
1.52 7.895 0.0235 : 10. 284
3.28 11.890 0.0660 10.727 -
3.51 12.251 0.0685 : 15.010 .
1.47 25.850 0.0250 38.000
» 2.46 65.041 0.0535 ' 70.992 q

‘-

0. 96 ©100.000 ', . 0.0735 139.962

1 r=0.9882, p<0.001 df=4, regression equation Y = 0.7240 X
: + 2.7682, where X = concentration of gold by atomic
absorption spectroscopy, Y = concentration of gold by
neutron activation analysis.

The results of the two methods were well correlated;

however atomic absorption results were higher than neutron
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activation analysis results. There was 'no correlafion
between weight of tissue analyzéd and concentration of gold
determined for the tissue for either method. This means
that blank absorption of light by tissue es hot account
for £he higher values obtained hy the vatoml absorption
method. This was not an unexpected finding because
deuterium background correction was used with the atqmic
absorption method, and also because blank values in éne
method would destroy the correlation of results by the two

methods.

o
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C. ANALYSIS OF CORTISOL IN PLASMA |

(i) COMPETITIVE PROTEIN BINDING RADIOASSAY

Plasma cortisol determinations Were made by a
competitive proﬁeiﬁ binding (CPB) radioassay which had
previously been deveioped in this laboratory kJeffery,
1971). dﬁe alteration was made in the method. A 1 ml
aliquot of the water phase obtained after carbon
tetrachlqride washing was used for assay directly without

'evaporation of the ﬁater. Cortisbl stand:rds were prepared
in appropriate concentrations in aqueous a;dtion just prior
to _ssa;. This modification allowed considerable saving in
time sihce a 3 hour“evaporation stage was eliminated. The

method was found to be satisfactory. For convenience a

summary of the method is given.

Removal of trangcortin from the .plasma samples was
achieved by alcohol precipifation.:‘Twp tenths of a ml of
plasma Qas. diluted Qith 0.1 ml of water; then 1 ml of‘95%
ethanol was added, and the samples were mixed for 2 minutes.
After centrifugation the supernatant was cbllected. Another
Bl of alcohol was added to the precipitate, and the mixing
and centrifugation was repéated. The combined supernatants
were evaporated at reduced pressure in a frgezer drying

-

.apparatus.
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To separate cortisol and corticosterone the residue
“ from the alcohol supernatant vas dissolved in 2 ml of ‘water
and partitioned twice against 20 ml of carbon tetrachloride -
by mechanical m}xing for 2 minut%s. The cortisol remains in
'fhevwater, while the corticosterone and other steroids 1less
polar than .coréisol.go,into the éarbon tetrachloride. fhe

carbon tetrachloride was discarded. One ml of +the water

phase was taken for asshay.

Standards‘ were prepared in duplicate in the‘des{red
range (0;40 ng/ml) . Standards and samples were proceséed ip
parallel from here. One ml of trghscortin isotope solution
(5% hﬂman plasma diluted with water plus 3H-cortisol at an
approximate concentration of 6 microcuries/100 ml) was added
to each of the standards and samples. These were mixed .and
heated td 459C for 5 minutes. After cooling in an ice bath
for 15 minutes,_SO‘mg of Fuller's earth was added to each
tub&. The mixture was shaken for 2 minuges on a hérizonatal
agitator, <cooled 10 minufes in an 1ice bath;- and then
centrifuged. The supernétant was - collected aﬁd
recentrifuged. One half ml of the suﬁernatant was added to
10 ml (or 5 ml) of Bray's solutlon, and\wﬁiﬁ samples were
counted twice for sufflclent time to give 1% countlng error
with 2 sigma statistics. A linear regression equgtion of
reciprocal of activity of standard (milliseconds /
disinﬁegration) versus ng of cortisoli%q “the standard_ was

"
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computed. The equation wa usé? to determine the quantitiy
of cortisol in the samples from the reciprocal of activity

of the samgle.

’Recdvery correction .was doqe by including two control
plasma samples wi;h each Lassay. One control sample
contained only  endogenous cortisol while the second
contained 10 ng/0;1 ml of added cortisol. These control
plasﬁa samples were prepared in a group and one of each was

used with each cortisol assay. The control plasma “samples

were processed in ‘parallel with nthg samples. From the

PO Py

difference between the amouqﬁigi‘gotiisol detected in the
plasma only control, and fhe qmou&f‘detected in the plasma
plus q&rtisol‘control,‘the recovery -éguia be determined.
The amount of cortisol cdrrected for recovery was calculated
by di&iding ~the uncorrected weight of cortisol by the
fractional recovery factor. The results were expressed in
ng/0.1 ml which is numerically equivalent fo mcg/100 ml of

‘lasma.
prasna,

~

[yl

Because all Centrifugétion must be done at once, only
24 samples, controls and standards could be done per‘day ddé
to limitation in the capacity of the available centrifuge.
This allowed the assay of 1uA samples, 2 controls and 8

standards in 4 given assay run.
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(1i) DRUG INTERFERENCE IN ASSAY OF CORTISOL

Interference 1in cortisol determination by Qrugs the
patients were known to be taking was checked ‘by.aassaying'
aqueous ‘selutions of cortisol (10 ng/ml) and comparlng the
response (milliseconds/d151ntegrat10n) for solutlons of

cortisol only and solutions of cortisol plus drugs (Table

¢ .
111; Most drugs did not interfere (Table: 12) when assayed

directly without carbon tetrachloride water partitioning.

As might be expected £ron its.s&hilar structure to cortisol,
pr$pnisone did interfere (Table 13). Regression analysis of
Ty

data of Table 13 for samples partitioned, against carbon

-

tetrachloride and water after correctlon"for recovery, .
‘ !

Yields the equation Y = 97.4 X + 11.7, where X = prednisone

concentration in mcg/ml in sample assayed and Y = cortisol

w

in ng. From the slope, O. 01 mcg/ml of prednlsone, which is
~eguivalént to 10 ng of prednlsone; appears to be 0.974 ng of
cortisol. That is ‘the 1nterference of prednlsone is about

{g%. Because prednisone elevates "Cortisol' ‘»levels

-

détected while it phy51ologlcally depresses cortlsol léqels

7

‘be detected in patlent samples. ";-

&

Py




TABLE 11 DRUGS AND CONCENTRATIONS USED FOR INTERFERENCE

STUDY
Drug Dose Concentratlon
1 of Solqtlons
. mg Assayed mcg/mll
co ) i
Acetylsalicyllc Acid ~ 2C00 0. Zr 2.0&5/
Sodium Salicylate 2000 (as Asa) F2.Q. . 42 ;
Codeine Phosphate . 60 10 2.3
D-Propdxyphene 65 v OalM & 0465
Gold Sodium Thiomalate 50 WO%® ot a0
Prednisone 20 0.4~ 0.2
Methylprednisolone Acetate 80 . 0o 4.0
Betamethasone 0.5 .03 0.3
Indomethacin ' T 200 A2 250
Phenylbutazone - 100 s0.17 1.0
Caffeine Citrate - 600 1.0. 0.0
Caffeine - 300 0.5 5.0
Amitriptyline Hydrochlorlde .25 0.05 0.5
Plienobartial Sodium . 120 0.2 2.0
Glutethimide - » 500 -+ . 0.5 ‘5,0
Diazepam ' - 20,0 " &.02./0.2
Ch!hrdlazepoxlde Hydrochlorlde e A » ’
: a 40 0.05 0.5
Primidone ; : ‘ 425 0.125 1.25
Propantheline Bromide © 15 0.03 0.3
Ferrous Sulfate . °300 0.5 5.0
Amethopterine ®»; 50 10 3 0.C1 0.1
Ethinyl Estradlol Lo s 0.1 - 0.01 0.1
Thyroid W 30 . 0.06 0.6
~Chlorpheniramine Maleate 16 0.02 0.2
.Drphenadrine Citrate. . 1090 . 0.1 1.0.
,Sodium Citrate . R 0.6 6.0
Calcium Chloride S 10,

1  Concentration-

] b, Yy procedure the plasma is diluted 1 in
duriny sam prepara+1on.

151

sed was ‘derived from the maximunm
therapeutic /dosgls recommended for the drug. Equivalent
plasma qoﬁqe ration is 10x s@lutlon' concentration

10
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O
TABLE 12 DRUGS NOT INTERFERING IN CPB RADIOASSAY OF CORTISOL
.  Drug Mill_iseconds/disintegration 1
“ FZ
‘Drug Leve' 0 ~ Lower  Upper
Acetylsalicylic 2.394  2.536 2.434  0.5852
Acid 2.555  2.478  2.428
Sodi : 2.394  2.459  2.439  0.2993
salidylate 2.555  2.453  2.408 '
_Codeine ' 2.394  2.516  2.485  0.1769
Phosphate 2.555 2.484 2.432
D-Propoxyphene - 2.601 2.582 , 2.599  0.9361
o 2.606 2.578  2.522
. Gold Sodium 2.492°  2.481  2.517  3.1255
Thiomalate i 2.359 2.541  2.498

2.472  2.547  2.524
2.468 2.519  2.580 \

Methylprednisoulone . 2.882- 2.914 3.071 1.8100
Ac=tate ' wl.862 .2.827 2.9;6
Betamethasone 3.402 3.422 3.279 1. 2827
- » 3.374  3.453 3.546 L ,
3.338 3.398 3.366 e
’ 3.328 3.491 3.417
‘Indomethacin 3.140 2.857  2.984  0.309

3.106 2.937 3.019
2.739 2.720 2.630
2.605 2.630 . 2.783

3¢ Phenylbutgzone 2.525 2.618 2.570  0.0125
e 2.639  2.525  2.523 .

2.279  2.309  2.330

2.318  2.367  2.345

Ccaffeine Citrate 2.525 2.572 .2.496 .0.0174
: 2.639 2.566  2.523 N
y - 2.279  2.309  2.372 '
2.318 2.238 2.821
caffeine 2.525  2.554 2.588 0.0031
» > . 2.639 2:624 2.531

2.279 24297 2.253
2.318 _ 2.314  2.390 -
2.739,772.693  2.658

i P -
- . e
. ;

&

4
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Amitriptyline
Hydrochloride

Phenobarbital
Sodium .

Glutethimigde

Diazepanm

.

"Chlordiazepoxide
" Hydrochloride

Primidone’

Propantheline
Bromide

Ferrous *

Sulfate

Amethopterin

Y -
Ethlnyl o
Estradiol S

ThyroiQ;Lm

Chlorpheniramine

., Maleate s

Orphenadrine
Citrate

Sodium
Citrate

-’

Calcium \
- Chloride

. ‘.\ ﬁ
mﬁ

2.605

2.098

gpw75

394
"4‘555

2 606
'2.601

2.098
2.227

2.098
2.227

2.098
2.227

'3.374°

3.338

2.603

2.008

" 2.434

2.892 9
2,359

2.472
2.468
2.888
2.862

2.888

©.2.862

3.374

3.338 -

2.606
2.601

2.098

2.227

2.525
2.639
4.704

4.579

0.548
0.805

|

*

2.417

2.611
2.575

2#3.6

By

2.680

1.962
2.051

2.490
2.44y4

2.577

2.597"°

2.059

4776

Z. 055'3 “X065

2. 093!§g; 122
2.070 2.064
2,232 1.773
3.272  3.331
*3.358  3.380
2.284  2.586
2.439 - 2.427
2.550  2.495
2.526 2.450
2.858  2.912
2.889  2.877
2.811  2.826
2.903  2.828 -
3.355  3.519
3.357  3.290
2.646  2.593
2.629 2.644
2.175  2.114
2.057 - 2.084
2.543  2.507
2.560 2.561
3.449  4.405
3.890  4.840
0.773

0.730

3.0300

"0.2958

0.4912

2.3189

1.211

1.7831
0.6074

0.2923

0.6000

0.8100

0.1773

1.215

0.4123

0.2811
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Milliseconds/disintegration cannot be compared froa one
drug to the next because of different amounts of

radioactivity from one experiment to the next.

Analysis of variance, simple ramdon design, used to
detect differences. For calcium chloride an unpaired *t?
test was used (Steel, 1960). All F and t values are non-

significant. ~ ‘
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TABLE 13 DRUGS INTERFERING IN CPB RADIOASSAY OF CORTISOL

Drug _ Milliséconds/disintegtation
F
Drug Level -0 Lower Upper
Prednisone =~ 7 3.04%  3.27¢  '3.924  89.38

3.098T 3.373: 3,824 p<0.005

Prednisone after . 1.802 1.790 2.054 19.48
carbon tetrachloride 1.7262 1.876* 2.124  p<0.025
water partitioning

Y ™™1 2 Groups of values with the same superscript are not

statistically significantly different at 1 and 5 %
level of significance respectively by Duncan's rultiple
range test (Steel, 1960 ).

’

D. DETERMINATION OF CORTISOL BINDING PROPERTIES OF PLASMA

- -

(1) GENERAL METHODS

a. COMPETITIVE ADSORPTION
T .

.4
4
An' agqueous solution of the plasma sample.for which
binding properties were .to be determined was prepared,

ébntaining approximately '10000 dpm/ml of 3H-cortisol, and

. ’ 2] -
was allowed to equilibr¥te at room ‘temperature for at least

one - hour. Usually, unless indicated otberuise, the -

concentration of this plasma solution was 5%. Because of
ﬁhe high specific activity of 3H-cortisol the added ,cortisol
is small relative to the endogenous cortisol content pf the

plasma, thus after equilibration of 3H—cbrtiso% and

>
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#
endogenous cortisoi ‘the ratio of bound to J%ﬁound cprtisol
in the plasma will be~essent§ally the sane ‘as for 'élasma
without added radioactive cortisol. For exampie: |

endogenous cortisol

= 10 mcg% = 100 ng/ml

specfic activity

= 45 Ci/mM = 2.76 dpm/ng

- added 3H-cortisol

a

10000 dpm/0.05 m1” S

i

200000 dpm/ml

.4&% (2 x 105)/(2.76.x 105) -

- 3 _ T
X . < <§:725 ng/ml cortisol

. . ’ o n

Aqueous solutions 'of cortisol were prepared fust prior tq
use. One ml of plasma solukion and one ml of one of fhe
aQuééus " standards were nixed. | outinely, eight different
concentrations of cortisol wefe used to deterpine a- binding -

curve, ‘The cortisol gconéentrations used depended on the

dilution of the plasma (Table 14).,

-



157

TABLE 14 CONCENTRATION OF CORTISOL SOLUTION d%EQFIN

MEASUREMENT OF CORTISOL BINDING PROPERTIES OF PLASMA

Initial Concentration Initial® Concentrations of cortisol

Plasma Solution % solution ng/ml
3-5 : 0, 4 10, 15, 20, 30, 60, 120 B
2-2.5 ' o, 2, 4, 10, 15, 20, 30,60

- ~N
0.5-1.5 o, 1, 2, 4, 10, 15, 20, 30

-

It should be noted that beéause of dilution of plasma
solution with one ml of cortisol solution, the actual

b

concentration of plasma for which binding is .determined i%
2.5% when thé ipitiél plasma solution wvas 5% plasméj Unless
indicafed otherwise plasnma cgggentration for competitive
adsorption refers to thislfiqgi dilution. From here on, one
of two prbcedures was used: one réferred to as the 45°C
procedure, tygz other referred to as the .89C procedure, the
temperature referring to the temperafure of equilibration of

»

radioactive and nonradioactive cortisol.

450C procedure: The samples were placed in a‘yater bath

at 45°C and mixed- intermittently during' a S minute

L4
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.

equilibration period. The samples were then placed in an
ice bath for a 15 minute cooling period. At the end of this
time 60 mg of Fuller's earth was added to each sample and
they were shaken on a horizontal agita;or for 2 minutes in
order to separate bound and free cortisol. TheusampleS'uere
returned to the ice bath for a further 10 minutes, then

centrifuged - at 8°C for 10 minutes at a speed of 2000 rpm.

The supernatant was removed and re-centrifuged . One half
: } - .

ml of this /éypernatant,‘ representing bound cortisol, was
B \\’ . )
added to Bray's solution and counte¢d by liquid scintillation
at least two times for 10 minutes. An aliquot of the
- initial ©plasma solution was also counted to ascertain total
radioactivity of the solution. Because of limitations 1in
the ‘capacity of the centrifuge only 3 binding cutves could
be done at one time. In an <ight hour day; 6 bihding’chrves

RN

' couldv be done. . b ) : ‘

gocC proceduge: The samples were placed im a controlled
temperature room at 8°C and equilibrated overpight with
continuous gentle mixing. From this point onﬁzi%é Samples
were handled in groups of 24. Sixty mg of Fuller's earth
was added to e;ch sample and they were shaken'Vigofously for’
2 minutes 6n a horizontal agitator. The sampies ueré
iﬁmediately ‘centrifuged at 8°C for 10 minutes at 2000 rpm.
Supernatants were re-cenirifugedvand 0.5 ml was counted as

.

described above. This procedure allowéd for determination

]
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of'15 binding curves in a day and a half.

g ;
b. EQUILIERIUM DIALY%:.

Because removal of unbound steroid by Fuller's earth
was not complete, it was necessary to have a method with
known efficiencyvfor removal of unbound steroid 'in order to
calculate the efficiency of the adsorbent. Equilibrium
dialeis was used for this purpose. Plasma and cortisol
sglutions were ;repared as described above except that.
dilutions were &one with Ringer's solution. A measured
volume of plasma blution was placed inside a pre-soaked
dialysis bag-prepared by knotﬁing  é strip of ‘one inch.
dialysis tubing on itself. The dialysis bag was closed by
knotting the other end on itself. Excess dialysis membrane
was trimmed from the knots. The dialysis bags were then
placed in 25 ml Erlehmeyer flask cé%faining lé measured
volume of cortisol so&&tibns of the desired Concentration
(Table_1ﬁ): The samples wege equilibrated at SQS overnight
while being continuously - shaken gently. After
equilibration, 0.5 ml of protein solution was removed from
inside the éialysis' baé using a syringe. One half ml of

outer solution was also taken for counting as well .as 0.5 ml °

of the initial plasma solution. Egis procedure was more

tedious than the competitive adsorption procedure because of

the preparation of the dialysis bags.
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(ii) ADSORPTION CONSTANTS

Thé adsorption efficiency of Fuller's earth was
determined at three plasma concentrations for several
concentrations of added cortisol.» Binding of cortisol in
equivalent samples processed by equilibrium dialysis and by
competitive adsorption was compared. For quivalent
Saﬁples, the concentratioh of plasma in the diluted ’sample
during, competit;ve' adsorption analysis, and inside the
dialysislmembrane for equilib;ium_fdialysis, rust be the
same. Secondly, the concéntration of cortisol in the
diluted sample for competitive adsorﬁ§;53<analysis mugt be

equal 5 the total amount of cortisol in the equilibrium

. £ . . .
dialysis sample divided by the volume of solution inside the

dialysis bag, that is the'effecfive"cbrtisol concentration

inside the dialysis bag. nust equal the cortisol
concentration in the final dilution in competitive
adsorption analysis. If these two conditions are met, two

samples are comparable. The Fuller's earth and the outer

solvent 1in the dialysis 'experiment serve essentially the

O : .
same purpose, which is the removal of unbound =ecortisol.

Competitive adsorption was done by “the 8°¢C procedure..

Equilibrium dialysis was done using 2 ml of plasma Tsolutibn

inside ., the mémbrane andj 2 ml of \solution ogtsidé thé

membrane. ‘The samples >are described in Taples’ 15-17.

N
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Adsorption constants were calcuated as shown below.
]
Adsorption efficiency was standardized €£or volume of

161

solution®and weight of adsorbent.
. Calculate.U from equilibrium dialysis data
U= (Te - P)/Ee (16) :
correct B'c to same units of T as equilibrium_dialysis
data B'cn = (Te x B'ci)/Tc (17)
Calculate adsorption efficiency using B'cn from 17, U
from 16 and Tc '
- Ec = (Te - B'cn) /U (18)
Standardize adsorption efficiency for weight of"~
adsorbent and volume of solution ’
‘ K = (Ec x V)/Mm (19) , ,

where U = true unbound concentration, dpm/0.5

ml
‘ Te = dpm/O.S' ml of initial ©plasma

solution used for equilibrium dialysis

v dpm/0.5 ml of final dilution for
ffipetitive adsorption :

P = apparent bound concentration by
equilibrium dialysis = dpm/0.5 ml inside
dialysis membrane

o . 2 % :

S Ee = efficiency of removal of unbound
cortisol by equilibrium dialysis =
volume inside dialysis membrane/(total

g ’ volume of dialysis systelt both inside

" and outside the membrane), specifically

in this experiment = 2/ (2+2) . 1

B'ci = apparent bound concentration of’
cortisol by competitive adsorption as
observed g

- B'cn = .apparent bound concentration by
competitive adsorption corrected to same
activity as equilibrium dialysis data .

- K = adsorption constant in ml/g ,
M = weight of adsorbent in g

VvV = volume of solutiQn to which
adsorbent is added in ml. ' :
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The adsorptlion was constant over certain concentration
ranges of added cortisol so average adsorption constants for
these ranges were calculated and 'used in further work (Table

18) .



TABLE 15 ADSORPTION EFFIC

Initial Conc

of cortisol

added, ng/ml

EDY - CA1l
0 0
2 4
4 &
5 10
7.5 15
10 20
15 30
20 40
30 60

60 ¢ 120
. Nae’

]

Cortisol Inside
dialysis Membrane

‘?géag "
«

PLASMA

" dpm/0.5 ml
1747 769
1705 718
1562 675
1525 631
1430 569
1341 541

1263 *507
1233 500
1194 480

-'1128 489

JENCY OF FULLER'S EARTH FOR 2.5%

163

Cortisol in Adsorption
Supernatant constant W
dpm/0.5 ml ml/g

[

30.4
31.9
24.7
25.9
25.2
23.2 ,
22.3.°.*
21.7
21.5
19.5

1 ED equilibrium dialysis, CA competitive adsorption

2 Ee = 2/ (2+2)

= 0.5

r Te = 2000, Tc =

1000
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TABLE 16 ADSORPTION -EPFICIENCY. OF FULLER'S EARTH FOR 1.5%
"PLASMA . . -

Initial Conc Cortisol Inside Cortisel in Adsorption

of cortisol dialysis Membrane Supernatant qpnstanr

. added, ng/ml dpm/0.5 ml b dpm/O S ml ml/qg =

ED1 CAt T . '

2 4. 1660 - T84T 2mlm

\ . baoy L 3 . - N
4 8 1647 : - & 680 %0.2 v
5 10 1570 4~ - 647 e 27.4 .
7.5 15 1360 0 596 ¢ . 21.0%

“10- ., 200 7 160 - o™ 550 o 17.7
15 &fo ne2 , . . ¥r. 5L C . a8:s

20 o tiue - 518 - 18.8

30 . 1091 520 - L 17.6

- @
1 ED equlllbrlum dlaly51s, CA qompetlthe ' orptlon ¥
. - i U2 SR Rew -~ .‘
2 Ee = 2/(2+2) = 0.5 , Te = 2000, T:% 1000°
e Ta ' ) - = W £
TABLE 17 ADSORPTION EFFICENCkY OF FULLER'S EARTH FOR'O:.S%
PLASMA ' o~

Initial Conc ’Cortlsol Inside - Cortisol in Adsdgption

of cortisal dialysis Membrane Supernatant constarnt

added, ng/ml dph/0.5 m; T dpm/0=5 ml - J{ml/g .

"EDY  CA1 e s S g
0 S0 1604 i a2 L7 Cwls
0.5 1 1572 : . 661+ 26.4 =
1 2 1583 . S, 595° L 2.4
2 4 - 1491 524 . Y. 31.2
4 8 -1455 . : 4u5s ' 33.9
5 10 1390 -°¢° 407 32.4
7.5 15 . 1240 . . 395 . 2685
0 v 20 1098 o 399 S 2Z.2 -

5 30 1085 . 414 < 21.3 7

NY '

’ LREEN . ’ T . . W u

- 1 ED equilibfiam dialysis, CA competitive adsorpti'on

2 Fe = 2/(2+2) =-0.5 , Te = 2000, Tc = 1000
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TABLE 18 ADSORPTION CONSTANTS FDR FULLER'S EARTH -
% Plasma, Range of Added Adsorptlon Constant mf&b . e
* _Cortisol ng/&} Wmeanﬁﬁ sténdard deVIatlon'
T 2.5 0-4 ¢ 3 31.1 ¢ 1.1 , .
2.5 B8-120 . . 23.0 2.2 -
1.5 "0:10 27.6 t 2.6 -
1.5 15 60 . 8.8 t 1.4 ' o
0:5 t 6.5 B g

% 0-30" 26.8 5.0 e S0
g Lo - ‘ ' .
g o " : >

(iii) EXAMPLES OF DATA ﬁANDLING FOR BINDING EXPERIMENTS

. ¢ ‘ *

. - T * o

Raw count data'from,'binding experimenté were;,qdeqfﬁﬂ

corre rec as described -(Meih lqu‘ sectioé A. (iiif}.‘m

RS} LY L . P [ .

“This ‘. <heh must’ be 'tra:sf
T . .

. . T . .
from count data  into
4 ‘ : o PRI
concentration” of .cortisol b nd « unbound ‘prl%f" to
T . ; . ’ o ) : *

resolution byl ithet mpthbdh;;‘For 1t1ve adg%rﬁxlon
. .,;‘ o T .“.-" 4 )

vexperiﬁedté Q* program gﬂpgendlx I)‘;wag- wrltten"‘whlch
'D tu .‘ : 3
'COrrected fqg dllutlén of plasma,'addltlon ‘qf‘ gorglsdﬁﬁ
o N K - Toa 2
v°3HJc6ftlsol aé endOQQnous; cdrt§§ol ; ;hd Oaé M aEdé£ﬁ§‘
‘nqﬁxadioaqtivé éont%Soi;'adsorption e?fiCié:%i Wof ?uller's’

* o , : ” . _ i)

“

earth Wnd ~expressed the results 4as unbound- and bound’

isol i in ng ) 2. . o E
cortisol concentrations.in ng/ml of ‘:experimental /solutlon._

The results were also‘expressed as ‘boynd/unbound ‘and plbtted

“as - Scatchard ' plot of bound/unbbund veysus boun&. The plot
o ” - I : .
" necessary in order to_ choose’/béigts to us§' for

T

_Comp#tation by the _limit3QMQ§h§d. A paper tape of the

was

transformed data was also, made. ., T ~equ111£r1um dfalysis

experiments another program was use "orm-the data
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to yield output of the same format. Correction tor

dilution, added cortisol and efficiency of removal " of
. & , -

“unbound ste‘troid were made. This transformed 'Qéta‘ was thewn

entere‘d ~into the resolving progranm (Appendix I). 1In the

. g ¥

resolV.mg programs correctlons for dllutlcm of 'plasgna' are

-
made- and ...vparametel;s are expressevd for undiTuted plasnma.

'd' eomputer."'output from the three prograﬁi’%@}or a *set .of data

5 ,
for a competitlve adsorpt*n;on experlment and a 51gllar se¢ Sf

aqn equlilbrlum d1a1y51s experlment are 1nc1uded

’i N "
N \ K ‘““ ' .
here. wxp‘lanmtorf notatlons haves bee, glven to,. clarlfy “the ~

v
PLESREEN

1nput datg_ﬁ%eqﬁfred and-the output of information obtained.

‘ ) . -
N "‘ g - o E B

&~ booss, ‘ 'j' o .
' - . r
. ﬁ:{ ) M& 6 ’ % . ’ ""-) KIS

o

[P el
L N .
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(iv) CALCULATION OF UNBOUND CORTISOL IN DILUTED PLASMA

pata from zero added cortisol On.theﬁﬁortisol bindigg.

curve was used to determine the p gyion of endogenous

1’lasma cortisol present in the prote; d and the unbound

\fofm. Dilution of plasma resulted Wiower proportion of

bouna cortisol thaa in undlluted plasma' however at the sane

L3

dilution relative blndlndabf cortlsol in plasma could be

.

determined. ThlS glves an idéa of the amount of active

cortisol in plasma siace unbound cortisol is psually

-
b ]
[

w\

cdnsidered to be active. Unbound cortisol wds caiculated as

follows. U= (T~- B x 2)/(E x T) as_,% unbound COItlbOl
\ v o= (T - B x 2)x FP/(E x L)“! mcg% unbpund
¥ cortisol
‘wﬁereg U = unbound cortisol expressed either asta 2
percentage of total cortisol in plasma, Ot as.
a concentration of unbound ' cortifol in
plasma.

T = dpr/0.5 ml of initial dilution of plasma
used for determination of binding curve

A

.\\

.

LI B = dpm/0.5 ml of‘supernatant'fdr competitive
B adsciption sample with no._addegd cortisol.
This. ust be multiplied tMes 2, as shown in
formuga, - belause 0 dilution durlng
competitiive adsoprtion p durdy
. . .

S, . V‘J’E = efflclency aof removal of unbound COItlSQl
ﬂ////' \*by adsorbe which - is a¥sorption constant

. > oml/g) x 0. § g / 2 ml R

‘ L ¢
’ ' . F' = endogenous cortlsol concentratlen of

plasma, corrected for c1trate dllutlon.
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(v) COMPARISON OF 8°C AND 450C. PROCHDURE el
. T “
o | ., ot

The 450C and BOC competitive adsorption procedires for
. . "”

\ -
determination of protein binding paratmeters were,compared

*

using plasma samples' from three female control subjeets

(85,§1,84). From & theoretical point of view, the QSQCC}
4 .
§ ’ : .
- procedure is inferior because the temperature at 'which the

- v

parameters are belng determlssa is amblguous.- As expected

-»
binding capac1t1es determlned by the two procedures were the
\
same (Table 19). However blndlng {nites and 'unbound

f b T : 4 .
cortisol levels, which should” fe affected by temperature
difterences, were also“not signitigantly different.. This

syllests . xthat in the 45°C proc ure, conditions "have g -

g' -equ1V rated.such that the tembera
. ' v
ny . o s

+ effectively - the saq?"as th

re of the experiment 1is
for ‘the "B°C pﬁbceduue.

Alternately the faj ure to find slgnlflcang\ﬁlffenﬁkpes - may

be due toi the

y‘ﬂﬂffferences detectable. '
. A

large variability in the data,'makigg real - —-
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TABLE 19 EFFECT OF TEMPERMTURE QN BINDING PROPERTIES!

>

,Paraméter' g8ocC 450C Difference2
. + standard error

P1, mcg% (limit) 31.3 18.4 12.9 + 12.7
P11, mcg® (math) w2245 13.3 9.2 ¢+ 6.5
K1, 1/m x108 (1limit) 3.68 3.70 0.01+ 1.26
K1, 1/m, x108 (math) 1067. 30 9.60 1057.70+ 1059,
P2, mcg% (limit) 92.1 37.2 54 + 17.6
P2, mcg% (math) - , ¥13.8 54,6 25948 '+ 239.5
K2, 1/m x107 (limit) 0.58 2,22 : 184t 0.72
K2, 1/m x10? (math) ©1.95 2.03 Og08+ 2.05
Unbound, % ‘ w2641 28.0 AK0 + 1.2
' subjects s, 91, 8u. I
2 All digferences were non- 51gn1f1cant by pagred 't' test

af=2. ‘

PERES. R ”

“;*“ ,4;-'( » .

.'1.“?’ A d?

?w&w EPFECT. ‘" SOLVENT ON BINDING PROPER’TIES

) ‘l"‘ ~ . .
ra' \ V ) o :

@
Theli}teratﬁre indigqtes rhat binding experiments have
been condﬁcted i gnplasmavdiluted with isotqpie solvent or
‘pi§Sm£ sapplesﬁggﬁited with ueier;~ ?he importance of making

dilutions with isotonic solvent Has1¢hecked by comparing the '

hY

bi perties.obtaiped for three pair-of binding cerves
de ermlne&vby competitive adsorptlon, one curve of eacﬁ palr

prepared us1ng Rlngerrs solutlon as. dy}uent, tpe other curve
. L} .
. PN

a prepared using dIStllled water as hlluent. No alfferences_

were fouﬁd between the binﬁlng propertles ;fer~ the‘:two

«7 1

solvents (Table 20}. The V&Il@pllty of thls data was much

Smaller-than in the prev1ous éxggrlment. In 'gggure; al

Wy
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,competitive adsorption,e&periﬁents were done using distilled
water as dilﬁeﬁt, Equilibrium dialysis experiments required
dilution with isotonic solvent to prevent osmotic flow.

-

TABLE 20 EFFECT OF SOLVENT ON BINDING- PR®PERTIES! .
o . ® . K2
5

Parameter . " Distilled “Difference? v
Water . i standard error . .
, : ro - ' ‘
P1, mcg% (limit) ~ 16.0 - 1.0 + 2.0
P1, mcg% (math) . 10.6 3.9 + 1.7 o
K1, 17/m x108 (limit) . 4.03 0.55+ 0.73 L v
K1, 2/m x10P (math) 6.50 3.70t 3.02 ~§‘: & PR
Unbpund, % : 26 8 , 0.2 £ 1.4 TR
. . R
1 Subject .85% two palrs of data 8°C procedure one pal% of‘} %‘

data MSOC procedure. , et
2’.All$ﬁifferences were non- 51gn1f1cant by palred ‘t', test gb

. df=2.; ,. | .

-Q . ' N . ° ' T / ." .

3 - ey . &

sar an ’
) ’ B . 0 oY - : )
. A ‘l,a e .- 3 .
. 3 .

v . .

(vii) EFFECT OF oTORAGE CONDITIONS ON BINDING PROPERTIES

T Sl . Y

: ' - & W TN :
’ ’m g Q\.Il . ) . ﬁ\ : .’. . L ’b 4’. "
SN o I B . _ )

R

Since it would %e jmpossible to determine the binding o

‘ ' T .

"propertlesqff.plasma as soqg as it was “wlthdrawn fronm the '
0 p .

rder

patlént it was: necessary tp store the plasma. In

-check uhethen storage ‘had. an effect on blndlgg ~'rd 

5 . ¥ . "
randomized - block experlmepinaﬂas ~condi§Eed ustn§ ™ .
: . AR \ LS /
o - AN - - C 3 IO LD
(four) as, blocks and storage conditions (fduIL © as {"

D »n . . " o . hd . i
: ) R ' .« . ",’ i .'.' . ’
treatments. + Binding curves were determined by competitive 2

‘.
- -

adsorption. The storage;Condifionsqued:werevfreshl plasma,
refrigerated plasma - (5°C) , frezen’ plasma (-10°C), frozen
plasma (-100°C) vhicK'was stored for 2 to , veeks., No

' . L - < R .
significant differences were found fdr the viﬁ;ous storage
) - oo N L. o . . L
L ’ . { '



177

-~ conditions (Tables 21-25); therefore frozen plasma was used

for future experiments. The observed differences’ for blocks

o

v
»

wvas due to- the fact that subject 76 was

(Lipsett, 1972; Bulbrook, 1973; Gaunt, 1968),

fakiﬁg
W

Sty
e

ki

&

orall

fr

contraceﬁtiveé which elevate transcortin bin&ﬂéivcapacity'

TABLE 21 EFFECT OF STORAGE CONDITIONS ON TRANSCORTIN BINDING,

Error Mean

CAPACITY!
Storage €Gonditions

*', Square " A‘.1$.u1 ]4}53)

>

1

Samplez - " Fresh Refrigeratéd Frozgn
Y | 1829 17.1 14.8
I . C(10.5) . *(7.8). '
2 - L I 14,3
T - (104 3) (10.4) °
T L - R £
o . 13 §) . (10.8) , 1 (12.0)
4 32.2 32,2 27,1
| (30.3) L L s
- F blocks 19. 37 (69. 63)_p<0.01 -
treatments . 2.16 (1.23) ns

4

o

Frozen and

_Stored

(10.8).
44,5
(32. 4)

- o B

<

P1 by iimit?method ) PY by'mathematisa%;methdd; mcggfgf

Samples 1-3 sugject 85 sample 4 subiject 76
proced%re Samples 2-4 u4soC procedure. i

»

sample 1

goc

W
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TABLE 22 EFVECT OF STORAGE CONDITIONS ON TRANSCORTIN BINDING .

AFFINITY?
Storage Conditions
Sample? Fresh Refrigeratead Frozen Frozen and
Stored
1 2.43 2.31 2.94
(3.62) (4.25) (5.44)
2 4.44 3.96 o 3.87 3.99
(19.26) (10.06) (4.43) (13.73)
3 2.01 5.70, 3.76 2.98
(6.55) (5.83) (7.28) (3.36)
4 6.07 2.53 4.03 3.72
(4.56) (13.06) (2.89) (5.80)
F blocks * 1.39 (2.24) ns

treatments 0.14 (0.54) ns
Errdér Mean '
Square 1.71 (19.49)

1 K1 by limit method, ( 1 by mathematical method, 1l/m
x108 - ﬁ-@y

¢ Samples 1-3 subject 85, sample 4 subject.76; sample 1 89°C
procedure, samples 2-4 459C procedure. v
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TABLE 23 EFFECT OF STORAGE CONDITIONS ON ALBUMIN BINDING

CAPACITY{
Sample? Fresh

1 S 54.4
: (20.5) (152.4)
2 18.6 31.2
(35.1) (328.4)
3 ) 71.6 40.3
: (47.6) (394.9)

4 ' 61.5 47.1

(424.4)
F blocks 0.79 (1.35) ns

Storage Conditioens

Refrigerated

treatments 1.27 (2.35) ns

Error Mean

Square 745.52 (20390.7)

Frozen

20.4
(148.8)
51.1
(95.2)
44.6
(32. 1)
53.5
(22.7)

)
'

Frozen and
Stored

101.8

35.0
(269.5)

99.7
(291.4)

X 2 by limit method, () P24y mathematical method, mcgh.

2 Samples 1-3 subject 85, sample 4 subject 76; sample 1 8°C
procedure, samples 2-4 45°C procedure.
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TABLE 24 EFFECT OF STURAGE COUNDITIONS ON ALBUMIN BINDING

AFFINITY!?
. Storace Conditions
Sample? Fresh rRefyiLgerated Frozen Frozen and
A Stored .
1 1.94 3.53.
(9.53) (0.83) . (0.65)
2 4.64 2.17 1.49 0.60
.- . (1.44) (2.47) (0.43) (4.98)
3 . 1.05 2.20 ‘ S1.91 2.31
S (1.90) (0.46) (1.91) (0.82)
4 2.03 1.50 1.29 . 0e
(0.32) (1.27) (1.0W
F blocks 0.20 (1.34) ns {

treatments 0.46 (0.97) ns

Error Mean
Square 1.60 (6.90)

~

1 K2 by limit method, () K2 by mnmathematical method, 1/m
x107. ’

2 Samples‘1—3 subject 85, sample 4 subject 76; sample 1 8°C
procedure, samples 2-4 U45°C procedure. /
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TABLE 25 EFFECT OF STORAGE CONDITIONS ON UNBOUND CORTISOL., %

Storage Conditions

Samplel Fresh kefrigerated Frozen Frozen and
' . . Stored
1 29.6 28.1 30.4
2 25.9 27.8 25.7 24.6
3 31.9 23.0 ©24.9 28.4
4 25.5 28.7' 37.2 9.5
F blocks 0.11 ns - ‘ ‘
treatments 1.29 ns ’
Error Mean
Square 41.57

~

. % .
1 Sample$ 1-3 subject 85, sample 4 .subject 76; sample 1 8°C
procedure, samples 2-4 45°C procedure. .

_{(viil) PROTEIN BINDING PROPERTIES FOR NORMAL INDIVIDUALS

R}
FEN

Cortisol protein binding parameters of_ plasma from
no;mal individuals were determinédM-vby “competitive
adsorption. As expected P1 was higﬁer in estrogen treated
females than in non-estrogen treated females or in males
(Table 26). Comparison of these results to the results in
Table 3 indicates that the values of P1 are similar to those
obtained by other methods. The 1limit method gave larger
estimates of P1 than did the mathematical method. K1 was
;imilar to literature values when comparing determinations

made at the same temperatures. The limit methodnéave lower

estimates of K1 than did the mathematical method. P2 was

low, although 1limite was available from the

literature for comparison, while K2 ‘was high. P2 is highly
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variable as‘ indicated by the large error mean ;square.
Transcortin binding capacify was not saturated by endogenous
cortisol in 'plasma as expected. Both unbound and total
cOftisol levels were increased in estrogen treated females
compared to males despite’ an increase in the ‘transcortin
binding ‘capacity of the plasma of these females.

:
The variation in binding properties of plasma taken
from <« normal individual at three to four month intervals

wdas relatively small for most parameters (Table 27).
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“?

TABLE 26 CORTISOL BINDING PROPERTIES OF PLASMA FROM NORHAL

1

6

INDIVIDUALS
Parameter? Males Females Females Overall Error?
Estrogen Not Mean Mean
treated Estrogen Square
treated
n=8 n=3 " n=8
P1 (limit) 18.8 .« 42.4 23.7 24.6 113,43
P1 (math) 14.6 31.5 14,9 17.0 17.64
K1 (limit) 4.76 2.84 3.25 3.82 3.27
K1 (math) 11.08 4.61 5.20 ?7.71  93.15
P2 (limit) 371.9 -57.3 147.0 232.0 234811
P2 (math) 141.9 204.1 486.5 = 315.0 88076.7
K2 (limit) 0.53 2.35 0.73 0.91 0.2415
K2 (math) 1.65 1.20 0.75 1.15 1.24
Unbound,mcg% 2.0 5.2 3.2 3.0 2.87¢6
“Unbound, % 23.7 21.7 26.3 24.5 ;o 35.23
Total cortisol :
mcg % 8.6 19.3 11.8 11.7 36.077

Units are the same as in Table 19.

"From analysis of variance, randomized design, treatments-

are males, females (estrogen), females (no estrogens).
Least significant difference test to determine
differences for individual means. Differences are non-
significant unless indicated otherwvise.

F=5.42, p<0.05, d4f=2/16; 18.8<42.4 p<0.071; 23.7<42.4
p<0.05.

F=21.43, p<0.01,  df=2/16; 14.6<31.5 p<0.01; 14.0<31.5
p<0.01. -

F=15.89, p<0.01, df=2/15; 0.53<2.35 p<0.01; 0.73<2.35
p<0.01. : '

F= 3 88v p<0.05, df=2/16; 2.0<5.2 p<0.05.

RS E 3. U56 p<0.10, ns, df=2/16; 8.6<19.3 p<0.05)
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TABLE 27 THE VARIATION IN CORTISOL BINDING PROPERTIES OF
PLASMA FROM A SINGLE INDIVIDUAL!

Parameter?

P1
P1
K1
K1
P2
P2
K2
K2

(limit)
(math)
(limit)
(math)
(limit)
(math)

(limit)

(math)

Unbound

1

Subject 85; sampli

Units are the same as in Table 19.

Day 1

20.0

.16.5

3.86

‘u.87.

83.7

0.59
3.72
29.7

Day 2

18.4

13.4
4.55
-5.70
57.8
309.4
2.56
1.36
19.6

Day 3

16.1°
11.5
3.77
8.20
52.9
214.5
1.90
1.66
26.8

Overall
Mean

16.8
12.2
3.90
7.50
56.2
233.4
1.84
1.78
25.8

.Error Mean

Square?

4.44
1.U434
0.95
25.27
731.13
35842.9
1. 46
1.94
9.39

 days 9.11.72, 25.1.73, 24.5.73.

From ‘analypis of variance, randomized design, treatments
east significant difference test to detrmine

are days.
difference

for

individual means.

significant unless indicated otherwise. -

F=9.00, p<0.05, df=2/9;~16.5>11.5, p<0.01.

Differences are non-
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“(ix) PRECISION OF EXPERIMENTALLY DETERMINED BINDING

PARAMETERS

The precision of determination of cortisol binding
properties of plasma by competitive adsorption was assessed
by determination of binding curves for several plasma
samples from subject 85. Both the 4509C and the RoOC
procedures were used. Precision.uas expressed as standard
deviation of estimated parameters for duplicate

determinations (Snedecor, 1952) (Table 28). There was no

I
3

cléar cut advantage of one procedure over the other when
-coﬁparing precision. The limit Amethod gave more precise
“éstimates of K1, P2; and K2 while the mathematical method
_~gave more brecise estimates of P1. The 8°cC procedure was
used 1in patient studies because it allowed handling of more
gamples in a given period of tinme. Both methods of

resolbing binding data were used in patient studies.
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TABLE 28 STANDARD DEVIATION OF DUPLICATE DETERMINATIONS OF
BINDING PARAMETERS OF PLASMA!

Parameter ™ us590ce . 8¢cC

P1 (limit), mcg% 1.0 (5) 2.1 (4)
P1 (math), mcg% 0.8 (5) 1.2 (4)
K1 (limit), 1/m x108 - 0.57 (5) 1.12 (W)
K1 (math), 1/m x108 9.23 (5 © 6.07 (4)
P2 (limit) , mcg¥% 45.0 (5) 30.8 (4)
P2 (math), mcg% 2407.6 (3) 23998.7 (u)
K2 (limit), 1/m x107 0.84 (5) .41 (W)
K2 (math) 1/m x107 2.17 (3) 1.72 ()
Unbound cortisol

ncg ¥ 0.48 (6) 0.27 (W)

Unbound cortisol, % 6.9 (6) 3.0 (W)
1 Subject 85.

2 Standard deviation of duplicates (number of duplicates).

-~

\
')
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STUDIES OF RHEUMATOID ARTHRITIS PATIENTS
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A. DXKCRIMIM\M ETUDY POPULATION

_a”"_"\‘_ N\
- TR
» ‘ff t B ,
= e f{ )
The <subdects f&%”xtbe Qtudy of gold effects on
\\'
circulating cot%mqol congﬁsfed of three groups: I- patlents

\ ’/
receiving gold therapy, II- patients receiving other forms

et

of therapy but not gold, III- control subjects with no
disease. Characteristics of the three groups are given in.
Table 29, For greater details see Appendix II. Por the
purpose of classification, <¢omplicating illnesses were
di;ided into those anecting endocrine organs, and other
complicating illnesses, because it was felt the former were
more likely to be of importance to the cortisol leV°lS
determined. ﬁndoc;ine function _ can be affected by
such things as the severity of illﬁess, due to increased
stress, but because of the difficulty of measuring this 1in
pat@ékts with rheumatoid arthritis it was decfhed_to ignore
this factor. Patients were in attendance at a University of
Alberta Hospital outpatient éli&ic set up for gold patients
! . -
or were private patients og physicians'g%'University of

Alberta Hospital. Control subjects were healthy volunteers.

Blood sambles (sodium citrate as antﬂcoagul%nt) were
taken between 12 ncon and 3 pm. For gold patiénts samples
were taken on the day of injection but priér %o dosing thus
plasma gold aad plasma cortisol levels for these patients

reflect previously administered gold. Blood samples were
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ceqtrifuqed and frozen in measured aliquots uqtil assayEd
for gold or cortisol. Particular saméles are identified by
the week during the study in which they were taken; this
time has no relation go the duration of gold therapy vfor a
particular pdtient ince patients entered the study at
various stages of gold therapy. All gold was given
intramusculafly as gcld sodium thiomhlate. The usual dosage
schedule ‘é}pressed és'mg of gold not as gold salt) was 5 mg
first week, 12.5 m% second week, 25mg/week till 500 mg of
gold had been given, then, if gold is definitely effective,
-25mg/2 weeks x2,‘25 ng/3 wpeks x2, and finally 25 mg/anth
indefinitely. In this study, dose was expressed as - either
tbtal dose, dosage schedule or dose rate. Total dose is the
total accumulated aose the paSﬁent hqs received. Dosag?
schedule is the dose given and the time between dosing.
Dose rate is the avirage ng/week of gold given regardless of

he 2ctual dosing ' schedule. As an example, suppose a
patient were just starting gold theapy and received 5 mg the
first week, f2.5 mg the seébnd.week, 25 mg the third week,
25 mg the fourth we=k, 25 mg the sixth ﬁeek, 25 mg the ninth
.week, and 25 mg the thirteenth week. Because E}Agd samples
.aré taken prior to the administration of gold the dose
exerting its effect on the body is tﬂe previous dose. The
;patients total dose would be 0 at week 1, 5 mg at week 2,
17.5 mg at week 3, 42.5 mg at week 4, 67.5 mg at veekvﬁf

92.5 mg at week © and 117.5 mg at wvweek 13. His dosage
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schedule would be 0 mg/week at week 1, 5 mg/week at week 2,

12.5 mg/week at week 3, 25 mg/week at week 4, .25mg/2 weeks
at week .6, 25 mg/3 weeks at week 9, and 25 mg/ﬂ‘véeks at
week 13. His dose rate would be 0 mg/week at ueek-'1, 5
mg/week at weék 2, 12.5 mg/week at week 3, 25 mg/week at
week 4, 12.5 mg/week at week 6, 8.33 mg/vweek at véékYQ,' and

[Y

6.25 mg/week at week 13.

\

[N

Patients were at different stages of gold therapy,
including ini}iation to gold therapy, so all dose rates were
represented. Multiéle blood samples were obtained from many
patients; some patients were followed for up to 23 weeks.
Drugs the patien£s were receiving during,the,study period
are shown in Table 3C. This data was taken from the

patients medical records. -
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TABLE 29 SUBJECT CHARACTERISTICS

racteristic - Group
' I Gold II No Gold III Control
ber of subjects 50 24 21
ber of ‘blood 244 30 21
mples obtained . W
13 M 37 F 10M™M 14 F "9 M 12 F
(. 26/.74)1 (-42/.58) (-43/.57)
6-72 11-72 19-39
(mean 48) (mean 45) (mean 25)
gnosis : 4
eumatoid Arthritis2: 48 (0.96) 18 (0.75)
oriatic Arthritis 2 (0.04) 4 (0.17)
rmatomyositis ‘ 0 1 (0.04)
teoarthritis 0 1 (0.04)
plicating Illness :
docrine3 ’ "5 (0.10) 5 (0.21)
her+ 19 (0.28) 7 (0.29)
th 4 (0.08) 4 (0.17)
ne 30 (0.60) 16 (0.67)

() fraction of patients in listed category.
Classical or definite rheumatoid arthritis (Ropes, 1959).

Thyroid disorders, ovarian disorders, drug-inddced
Cushingoid syndrome.

Hypertension, heart ' disease, anxiety,. depression,
alcoholism, .ulcers, osteoporosis, asthnma, \Eistony of
allergjes, anemia, mybsitis-arteritis, peripheral

neuropathy, hepatomegaly.

»
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TABLE 30 DRUG THERAPY

Group - Drugs Number of patients

I Gold : no other drugs {#/ 6
salicylates only 36
salicylates + other drugs? 8

II No Gold no drugs ¢ 1 §
salicylates only 10
indomethacin only 2
amethopterin only 2
salicylates + other drugs2 7
other drugs3 (no salicylates) 2

III Control no drugs - 16
estrogen/progesterone 3
tetracycline 2

1 TIncludes 3 patients on prednisone, 3 on intra-articular
steroids, 1 on estrogens, 3 on propoxyphene, 1  on
codeine, 1 on diazepan, 1 on phenobarbital, 1 on
primidone, 1 on glutethimide, 2 on amitriptyline, 1 on
caffeine, 1 on chlorpheniramine, 1 on ferrous sulfate, 3
on laxatives. ‘

"2 Includes 2 patients on prednisone, 1 on betamethasone, 2
on intra-articular steroids, 1 on indomethacin, 1 on
amethopterin, 1 on propoxyphene, 1 on chlordiazepoxide, 1
on orphenadrine, 1 on vitamin mineral supplements.

3 Includes 1 patient om ACTE, 1 on propantheline bromide-

phenobarbital, 1 on thyroid, 1 on estrogens, 2 on vitamin

supplements. - )

The subjecté for the study of the effect of go}d on
plasma cortisol binding were selected from the subjectsk
described in Table 29.' The four novice gold patients from
group I formed group A. ﬁere each patient served as his own
control in a randomized cohplete .block design experiment.

.Cortisol binding was measured in three plasma samples' for
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each patient: prior to any golﬁ(‘one veek followiﬁg first
dose of gold, and when plasma gold level was greatér than 2
mcg/mi (week 5 or later of gold therapy) (Table 31{. . Group
B consisted of patients from group I paired, on the basis of
age, sex, diagnosis, other drug therapy, and complicating
iliness, with patients from group II (Table 32). In grouR,C
patients from group I and II were drouped according -to
plasma gold levels into groups as shown in Table 33. Plasma
samples to be analyzed for cortisol binding ueré selected.,
randomly from all samples at that plasma gold {é;é;. This
meant that in some cases a particular patient might be
represented more than once. | Cortisol binding parameters
determined for all patients in group III (non-disease) have
already been reported (Table 26) . Unless indicated
othergisé the plasma concentration used was 2.5% for the

final dilution in competitive adsorption experiments. .
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TABLé 31 WFEK OF STUDW, PLASMA GOLD LEVEL (MCG/ML) (IN
PARENTHESIS) AND TOTAL GOLD DOSE (MG) FOR NOVICE GOLD
PATIENTS IN GROUP A OF CORTISOL BINDING STUDY

’

Patient ’ Week of Study
'Pre-gold! '*First gold dose'! '‘Plasma gold
> 2 mcg/ml*
35 1 6 (3.38)
8 1 5 (2.95)1
25 1 14 (3.30)
26 1 5 (2.35)
Total gold 0 > u42.5
dose

1 plasma concentration use
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TABLE 32 CHARACTERISTICS OF PATIENTS IN GROUP B OF CORTISOL
BINDING STUDY

Pa

63
22
59

30
65

31
60

35

14

36

70

38

69

42
61

44

W N e

tients
Week
of
Study

2

3 1

. 8

3 1

3 1

3
1

.
acet {salicylic acid
~articular

intr

Age

63
65
50

u8

61
55

52
51

52

ay

45
46

65

-

6u

50
52

59
53

Sex Diagnosis

M
M

RA

RA

RA

RA

RA
RA

RA
RA

RA

RA

RA
RA

RA

RA

RA
RA

RA

. RA

-

Complicating
Illness

.duodénal ulcer

thyroidectonmy
history
hypertension
History Goitre

. Anxiety

Amenorrhea.

Biliary
Cirrhosis
sensitive to

penicillin
hiatus hernia

Lt e

plasma concentration used €.5%
plasma concentration used 1.5% -

Drugs

gold ASAtY
glutethimide
propoxypt
ASA
indometh.

gold ASA

ASA

gold ASA
ASA

gold ASA
ASA

gold ASA

ASA -
Propoxyphene
Chlordiazepoxide .
Orphenadrine

Gold ASA

ASA

gold ASA
ia2 steroids

indomethacin

gold ASA
ASA

gold ASA
ASA
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TABLF 33 PLASMA GOLD LEVEL, AND WEEK OF STUDY FOR PATIENTS
IN GROUP C FOR CORTISOL BINDING STUDY

Plasma Gold Patient (Week of Study)
level mcg/ml :
no gold 25 (1) 61 (1) 64 (1) 35 (1) 65 (1)
not detectable 30 (1) 36 (3) 38 (9) 25 (2) W40 (1)
<1 52 (2) 44 (1) 35 (2) 8 (2) 31 (13)
1-<2 3%‘(3) 46 (18) 38 (18) 7 (9)
2-<3 4 (6) 25 (6) u6.(4y 26 (S5) 22 (14)
3-<4 2 (2) 35 (6) 25 (14) 28 (16)
4-<5 . 54 (7)) 11 (17)
5-<¢€ 11 (8 11 (9) 46 (10) 2 (4)
>6 2 (5) 11 (22)

A

The patients for thé study on gold quantitation in skin
vefe from group I or were nét included i;Jthe previous study
(Table 34). Patients not included in the previous study
have letter codes rather thanlnumeral codes, Four mm punch
skin biopsies wvere taken from the patien%s'lppper arm.

- Simultaneous blood samples (no anticoagulant or citrate),

‘hair (aistal to the scalp) and fingernail specimens were

. ) s
obtained from most of these patients.
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WA%LE 34 CHARACTERISTICS OF PATIENTS IN STUDY OF GOLD
v1 ) QUANTITIATION IN SKIN
!

Patient Group Age Sex Diagnosis Dermatitis
Associated
with
Gold Therapy

wr Chrysiasis 61 F RA 5 years ago

51 Chrysiasis 72 F - RA 7 years ago

33 | Chrysiasis 38 F RA none

12. Gold 53 F RA 4 years ago
3 . Gold ' 52 _F RA none

31 Gold 52 M RA - none

23 . Gold 39 M RA none .

21 Gold - 6u M RA none

N low Gold , F RA

J Low Gold F RA

1 Patient'had been receiving penicillamine therapy for RA.

Be RESULTS PLASMA CORTISOL LEVELS

Plasma samples from groups I, II and IIT were analyzed
for cortiscl by competitive protein binding radioassay. The
data obtained can be examined in several ways in Qrder,to
discern any effect of gold therapy on plasma cortisol
levels. The first approach was to compare ;hose patients
whb»received gold {(group I) with those who did mnot (group
II). The patients who started gold therapy during the study
can - be used , as their own cqntrols- to make a simiiar
comparison of cortisol levels prior to gold and during gold

_therapy. The _second approach is to stratify the data on

plasma cortisol levels according to the amount of gold
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. 4
available to produce an effect. This can be done in several

vqys:.' Total dose+ oé gold can be used as an expression of
the amount of goid. This has merit becausekgold is slowly.
excreted from phé body and probably accumulates in thé body.
Total 'ﬁose,‘however ignores temporal factors which are very
importéht in the distribution and excretion of a drug.
Dosage scheduie takes consideration of temporal faétors;
.hovever the dose cannot be desdribed bf a single number and
thfg‘ makes manipulation of the data difficGlt. Dose rate

takes into account both the amount of gold given and the

time since dosing.

-

~PLiLma cortisol levels in group I (gold) and group II
(no gold) were not significantly different from each other

but were higher than group III (control) (Table 35).
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TABLE 35 MEAN PLASMA CORTISOL LEVELS IN PATIENTS RECEIVING
GOLD OR NO GOLD AND IN CONTROLS

_Group Level mcgkt ,

I Gold 19.4 + 0.58 (n=244)2
IT VNo Gold 16.7 ¢ 1.75 (n=30)3
III Control 12.1 t 1,33 (n=21)2 3

1 Mean t standard error of mean (se), n= number of samples
analyzed.

2 Significantly different by unpaired tr test (Steel,
1960) ; p=0.05. '

3 sSignificantly different by unpaired *t' test, p<0.001.

Mean p}a;ma cortisol levels were caléulated\for grouped
data - based- on' the characteristics in Table 29. No
correlation was found between plasma cortisol level and sex
or diagﬁd%}s. A weak’correlation was found between plasma

cortisol level and age (r=0.1094, p=0.039, n=260). Plasma

>

P :
cortisol levels were higher in group I patients with

endocrine coﬁplicat;ons than in group I patients with other
types of complicating illne§ses (Tabie 36) . Average plasma
cortisol levels for each patient wver used in a similar
§n§1y§is oﬁ variance, so éach patierdt would have the same.
weigﬁ£~in-tﬂe éxpériment é;spifé unegual replication. This

analysis gave the same intérpretation as the analysis using

all individual values.

/.
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TABLE 36 EFFECT OF COMPLICATING ILLNESSES ON PLASHA CORTISOL
IN GOLD TREATED PATIENTS WITH VARIOUS COMPLICATING ILLNESSES

Group ‘\_. Plasma Cortisoll mcg% -
Sex Age

No complicating
Illness 19.0 (141) 8BM 22F 4y
(0.27/0.73) (6-64)

Endocrine Illness 21.83 (24) OM S5F° 51
(44-55) .
No Endocrine, 16.63 (78) 5M 10F 54
but other (0.33/0.67) (31-72)
Complicating’ .
Illness
! Mean (number of sahple analyzed). Sigrificance by
analysis of variance, random design with unegual’

replication (Steel, 196() F=3.59, p<0.05, error df=240,
error mean square=77.34.

2 proportion of each sex.

3 significantly different . by least significant difference
(1sd) for unequal replication (Steel, 1960), p<0.05.

Because of the few examples of most drugs, the effect
of drugs on plasma cor?isol levels could be determined only
for salicylates.’ Comparisons were made among' individual
cortisol values for those subjects inAgroup I receiving gold
therapy and no other drugs, subjects in group I receiving
salicylates and gold but no other drugs, subjects in .group
IT receiving . salicylates oq&y, and . subjects in group III
receiving no drugs. The gold gnly group had significantly

‘higher plasma cortisol than any other group. The gold +
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salicylate subjects had higher cortisol 1levels than the
control subjects, while the salicylate ~only and control
subjects could not be distinguished from each other (Table
37) . The gold . and gold + salicylate groups each had two
patients with endocrine disorders which may have contributed
to the elevated cortisol levels, so these patients were
excluded agd the data re-examined (Table 38). This reduced
the cortisol level for the gold only group, Now, gold and
gold + salicylate were not significantly different from each
other but were higher than the control group. Tﬁe
salicylate only group was not significamdly different fronm
the. golé only or the gold + salicylate group or from the
control.v~When‘ average cortisol values were used in a
similar analysis, excluding patients wi<h endocrine
disorders;‘the intrepretation was essentially tne sanme. By
matching each of the gold only'patients, not sufféring fronm
any endocrine disorder, with a gold + salicylate only and
also a salicylate only patient "of similar age, sex, and
diagnosis, these factors could be eliminated and the drug
effect examined. Gold therapy in groups receiving gold was
also matched to a similar total gold dose. The cortisol

levels were not different for these three groups (Table 39).
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TABLE 37 EFFECT OF GOLD AND SALICYLATE THERAPY ON PLASMA

CORTISOL

Group Plasma Cortisol! mcg¥

Sex Age
Gold only 24.52 (21)y 1M 5F 40.2

(0.17,0.83) (18-55)
Gold + Salicylate 18.63 (175) 108 26F 48.5

" (0.28/0.72) (6-72)

Salicylate only 14.1 (10) 6M 4F 37.6

{(0.6/0.4) (11-55)
Control no drugs 11.23 (15) 9M 6F 27.1

(0.6/0.4) . (19-39)
1 Mean (number of samples analyzed). By analysis of

variance, random design with unequal replication, F=6.91,
p<0.005, error df=217, error mean square=84.0.

2 significantly different from all other values by 1lsd,
p<0.01. a

3 significantly different by 1lsd, p<0.01.

-
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TABLE 38 EFFECT OF GOLD AND SALICYLATE THERAPY ON PLASMA
CORTISOL EXCLUDING PATIENTS WITH ENDOCRINE DISORDERS

Group Plasma Cortisol! mcg$%
: Sex
Gold only 18.92 (14) 1M 3F
" (0.25/0.75)
Gold + Salicylate 18.63 (163) 10M 24F
) - (0.29/0.71)
Saliclyate only 4.1 (10) 6M 4F
(0.6/0.4)
Contrel no drugs 11.22 3 (15) 94 6 F
. (0.6,0.4)
1 Mean (number of samples). By analysis

random design
error df=198,

. 2 Significantly

'3*ﬂSignificantly

Age

33.6
(18-46)

48.5
(6-72)
37.6
(11-55)

27.1
(19-39)

of variance,

with unequal replication, F=3.746, p<0.025,

-

error mean square=81.3.
different by 1sd, p<0.05.

different by lsd, p<0.0S.

H
o

OF GOLD AND SALICYLATE THERAPY

TABLE 39 EFFECT
: PATIENTS
Group Cortisolt Patients
Gold only 18.6 + 3.7 16 28 45
Gold + Salicylate 24.1 ¢ 2.5 26 2946
Salicylate only 20.8 + 5.2 26 25 70

1 Mean ¢+ se.
test (Steel,

¢

IN MATCHED

56
40
65

Not significantly differen® by paired 't!

1960) .

e

S 4

Table 40 is a tablulation of plasma cortisol levels in

patients receiving steroid therapy during

the study.

Insufficient data is available for statistical analysis. In
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. .S
many cases there was a time lapse after steroid therapy
before the next sample - was taken. The values of plasna

3
cortisol for patients on continuous steroid therapy were not

,grossly ‘i fferent from the overall cortisol -levels for

\

patients in the study as a whole.

-

- )
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TABLE 40 PLASMA CORTISOL LENELS IN PATYENTS RECEIVING
STEROID THERAPY

Patient Plasma Cortisol Steroid Therapy
mcg % ’
Group I gold ‘ R 2
24 25.0 15.9 28.6 prednisone 10-15 mg/d4d
66 9.4 betamethasone 0.5 mg/d
67 12.8 prednisone 5mg/d
Group II no gold _ y
) 21.3 17.2 19.7 » prednisone 5mg on
18.81 23.3 19.6 alternate days, ! «
22.8 . intra-articular
: steroid - injection
after this sample, 2
weeks until next
sample. '
46 ‘12.7 12.31 18.8 1 oral steroids given
. 14.7 24.0 18.7 after this sample
- \ -’54/ 20.2 22.7 24.7 1 veek lapse before
17.5 next sample.
38 10.8 27.9 8.41 ! methylprednisolone
- 9.7 30.5 14.2 acetate
7.4 14.2 13.4 - intra-articular after
9.9 this samples, 1 month

until next sample.

"Four patients were initiated to gold therapy during the
study period. It is éossible to compare the cortisol levels
in these patients priorm to ygbld and during goid therapy
(Table 41)? ‘Analysis of variance as a randomized complete
block design (Steel, 1560) Qith patients as blocks and total
gold _dose“ as treatmeﬁt for to£al doses up to 67.5 mg,

revealed no significant differences.
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TABLE 41 PLASMA CORTISOL LEVELS, MCG%, IN NOVICE GOLD

PATIENTS
. R
Patient . Total Dose of Gold, myg i
.0 : 5 P 17.5 42.5 67.5
8 ' 25.6 31.2 29.3 35.8 22.6
25 19.2 25.3 ' 22.1 23.2
26 39.4 35.5 31.2 24.0 18.2
35 21.3 B L 25.4
F bloéks ‘ 2.00 ns
treatments 0.58 ns
Error mean square 69. 41
S

\e

Coftisol data was alsb analyzed according fo the aﬁount
of gold received. - The go%d dose can be expressed in several
ways: total gold dose, dosage schedule, or dose rate. No
correlation was found Hetween plasma cgfyisol level and
total goldebgé for all pétients in grohp I, for males only
or for females only. If t%e data was split into two groups,,
less than 500 mg and greater than 500 mg total gold dose,
there was still no correlation between plasma cortisol and
total gold dose. A c6rrélation was found between gold dose
rate and plasma cortisol level in:male patiegts_ (r=0.3776,
p=0.025, n=51), but not in females. Dosage schedulé cannot
be used with correlation. The cortisol levels were grouped
accor&}ng to the dosage sched&le and'a Student-Neuman-Keuls
comparison of ordered means (Steel, 1960) was performed to =~
detect significant differénces.‘ Differences were detected

for males (Table 42) but not for females. Dosage schedules
, , ,
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used for grouping were 25mg/vwk, 25 mg/é wk, 25 mg/3 wk, 25
mg/4 wk, 12.5 mg/wk, 12.5 mg/2 wk, 12.5 mg/3 wk, 12.5 nmg/4
wk and 5 ﬁg/wk. In ‘males, plasma cortisol leyels were
significantly higher Qhen the patients were receiving 25

mg/wk than when the patients were receiving 12.5 mg/wk.

TABLE 42 EFFECT OF DOSAGE SCHEDULE ON PLASMA CORTISOL IN
MALE PATIENTS

Dosage Schedule 25 mg/wk 25 mg/4 wk 12.5 mg/vwk
Plasma -Cortisol x
mcg%” mean 22.9 . 15.9 10.0'

se 3.8 1.4 0.9

n 12 290 3

! Significantly different by Student-Neuman-Keuls comparison
of ordered means, p<0.05. ’

)

The correlaiion coefficient for plasmé cortisol level
versus piasma gold level was calculated for the overall
data, for individual patiénts (vbhere 3 or more sémples were
obtained from that patient) and for the data’ grouped in
various ways (by sex, age, diagnosis, ébmplicating illnesé{.
A  weak but significant correlation begueen plasda co:tisol
lev;l and plasma gold® level was found in male patients
(r=0.3313, p=0.006, ;=57). Other correlations were not
significant. Analysis of;variance, using a éimple randon

design, with data grouped by plasma gold levels (Tables 43

and 44) also revealed "that-: plasma ~cortisol levels were
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higher at high plasnma gofd levels (>4 mcg/rl) in male
patients only. Usevof average cortisol levels for patients
appearing more than on¢é at a given gold level gives more
equal weight to each patient t@ys reducing the influenceg éf
an indivi@uql patient on the results, but not completely
equalizing weighting for all patienté.because -all patients
do no£ appear at all plasma gold level;. Closer examination
of the data revealed that patient 2 unduly weighs the values
for high plasma gold levels. !landling the data such that
patients appear as blocks and plasma gold | level as
treatments, requires selection of data only for patients who
appear 1in several droups. Missing data can be handled by
this experimental design. In females no relationship of
plasma gold to plasma cortisol was foﬁnd (Table 46), similar
to the finding determined above by cot:elation. In males, a
significant F indicates a differehée in plasma cortisol for
different plasma gold kTable\US); .0nly a few gold dgroups
could be used for this analysis because of limited data.
Missing: values in analysis of variance compiete " block
de§i§n, bias upward the treatment mean sgquare (Steel, 1960)
but do not bias the_error mean .square. This means that
nonsignificant F values indicate lack of treatment effects
fairly; however significan% F values may be biaséd upward
due to missing value;Liwgnd therefofe_ may not’indicate
"yreatment_effects. This'éppears to be the <case with the

' analysis for males since when the group withvplasma gold
: .
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levels of 2-<3 mcg/ml is eliminated, wvhich reduces the
nunber of missing wvalues ‘'significantly, F .is no longer
signficanf (Table 45). It can be concluded that the finding
of a correlation between plasma corfisol and plasma gold in
male patients is due to the over representation of a single
patient (patient 2), and further that gold does not' affect

plasma cortisol levels in patients studied.
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TABLE 43 PLASMA CORTISOL LEVELS IN MALE PATIENTS AT VARIOUS
PLASMA GOLD LEVELS
ANALYSIS OF VARIANCE RANDOM DESIGN

v

Plasma Gold Plasma Cortisol Level mcg% Treatment
mcg/ml ) neans
no gold 20.8% 12.2 39.4 17.6 3.7 15.32 3
(1) (17) (26) (57) (58)
n=4 n=1 n=1 n=1 n=1
20.2 8.6  14.6 12.8 2.8
(60) (63) (64) (67) (68)
n=1 n=1 n=1 n=1 . n=1
not 26.0 4.7  13.2 11.7  13.6  18.9
detect- (15) (16) (20) (21) (23) ‘
able " n=1 n=1 n=3 n=2 n=3

33.4 13.7 10.0 33.6 18.7
(26) . (31) (39) (50) (52)
n=1

n=2 n=1 n=1 n=1
<1 14.5 13.8 20.8 11.4 16.6 14,04
. (20) (21) (23) (31) (39)
n=1  n=2 n=3 n=3, n=4
10.8" 10.4
(u4u) (52)
n=1V n=1
1-<2 10.6 23.4 18.2 8.7 31.1 18.5
(15) (20) (26) (31) (39)
n=1  a=1 n=1 n=1 n=1

23.8  13.5

(u4) (52)
n=1 n=1
2-<3 22.7  11.0 - 16.8
(26) (52) " .
n=1 n=2 . .
3-<u4 23.0 15.8  30.6 | 23.1
- (2) (19) (52)
n=1 n=1 n=2
4-<5 36.0 36.02
(2) ' , L ‘

n=2
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5-<6 30.3 30.3
(2)
» n=1
>6 33.8 . 33.83
(2) ‘ '
n=2 ¢
F . 1.736 ns
Error Mean Square 71.55

1 Plésma cortisol level, () patient, n=number of samples.
2 significantly different by lsd, t=2.34, p<0.05, se=8.87.
3 significantly different by 1sd, t=2.09, p<0.05, se=8.87.

¢ Significantly different by lsd, t=2.18, p<0.05, se=9.04.



TABLE 44 PLASMA CORTISOL LEVELS IN FEMALE PATIENTS AT

VARIOUS PLASHA GOLD LEVELS

. ANALYSIS OF VARJANCE RANDOM DESIGN

Plasma Gold

mcg/ml

no gold

not
detect-
able

<1

10.01
(6)
n=2

19.2
(25)
n=1

7.7
(65)
n=1

15.3

(3)
n=3

23.2

(3)
n=2

23.0
(18)
n=3

14.4

(35)
n=1

10.8
(43)
n=2

Plasma Cortisol Level mcg¥%

25.6

(8)
n=1

0 31.2
L (35)
n=1

15.5
(4)

n=1

24.2
(30)
n=1

12.8 .

(43)
n=2

17.8

(36)

15.9

(10)
n=1

20.3
(12)

25.2
(33)
n=1

35.2
(45)
n=1

1.7
(5)

n=1

23.3
(27)
n=1

17.8

(37)
n=2

20.8
(49)

n=1

26.5
(14)
nil=

1.6
(61)
n=1
23.2
(70)
n=1

17.3
(13)
n=1

15.8
(36)
n=3

20.8
(51)
n=1

30.2

(8)
n=2

35.2
(32)
n=1

15.9
(41)
n=2

33.0
(51)
n=5

23.2
(25)
n=3

16.0

(62)

n=1

25.3
(25)
n=1

21.4
(40)
n=1%

11. 4
(53)
n=3

18.3
(13)
n=4

22.0
(33)
n=1

26.6
(42)
n=3

21.5
(55)
n=1

Treatment
means

16.1

19.2

212



<2

(%)
]

4<5

<4 -

4.4
(5)

n=1

=2

25.1
(36)
n=1

14.0
(47)
n=3

25.2
(54)
n=1

16.4

(3)
n=1

31.5
(25)

11.1
(5)
n=1

34.0
(u7)
n=1

15.3

(1)
n=7

3
(25)
n ,

20.8
(7)

n=7

18.8
(28)
n=2

14.9

(37)
n=1

13.2
(47),

‘n=4

45.0

- (9)

n=2

18.8 -

(u46)
n=1

39.0
(9)

n=1

3.
(54)

n=1
22.2

(35)
n=2

11.9
(38)
n=3

13.6
(49)
n=2

15.8
(56)
n=2

17.2
(7

n=1

28.1
(29)
n=3

20.0
(47)
n=4

13.0
(11)

n=2

17.5
(18)
n=1

20.1
(33)
n=1

29.2
(8) .

n=1

24.8
(34)
n=4

27.6
(25)

.18.8

(47)
n=1

17.8
(22)
n=2

28.5
(34)
n=2

21.
(46)
n=2
17.0

(53)
n=3

20.9
(22)
n=2

11.6
(38)
n=2

10.1
(28)
n=1

17.9
(46)
n=3

14.7
(54)
n=1

17.9

18.4

19.2

20. 1

18.9

213
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>6 11.4 16.6 7.5 16.4 13.0
(5) (11) (35) (54 T
n=1 n=2 n=1 n=1
F ) 0.522 ns -
Error Mean Square 69.53

1

Plasma cortisol level, () patient, n=number of samples.
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TABLE 45 PLASMA CORTISOL LEVELS, MCG%,

Patient

15
20
21
23
26
31
39
4u
52

treatment means

F blocks
treatments

215

IN MALE PATIENTS AT

VARIOUS PLASMA €©LD LEVELS
‘ANALYSIS OF VARIANCE RANDOMIZED COMPLETE BLOCK DESIGN

Plasma Gold Level,
<1

not
detectable
26.0

13.2

11.7

13.6

33.4

13.7

10.0

3

18.7
17.7

1.35 ns
4.90 p<0.025

Error Mean Square 76.21 °

-
14.5
13.8
20.8

11.4
1€.6
10.8
10.4

14.0

mcg/ml

1-<2 2-<3

18.2 22.7
8.7

31.1

23.8

13.5 11.0

18.5 16.8

(0.72)1 ns
(0.45) ns

(61.97)

1 () Analysis of variance where group with gold level 2-<3

excluded.
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TABLE 46 PLASMA CORTISOL LEVELS, MCG%, IN FEMALE PATIENTS AT
- VARIOUS PLASMA GOLD LEVELS ‘
ANALYSIS OF VARIANCE RANDOMIZED COMPLETE BLOCK DESIGN

Patient plasma Gold Level mcg/ml
no not <1 1-<2 2-<3 3-<4 4-<5 5-<6 >6

gold detect-

able //’/——N\\\\

3 15.3 23.2 16.4

5 11.7 14.4 7.8 6.6 11.1 1.4
8 25.6 . 30.2 29.2

11 5.7 13.6 13.0 15.3 16.6

22 ~ 6.9 17.8 20.9

25 19.2 25.3 31.6 31.5 27.6

28 18.8  18.6 10.1

33 25.2 22.0 20.1

35 31.2 - 1404 , 19.5 22.1 22.2 7.5

15.8 17.8 25.1

41 9.0, 15.9 5.7 .

46 21.1 12.5 18.8 17.9 23.4

47 14.0 “13.2 20.0 34.0 18.8

54 25.2 7.0 11.5 3.9 14.7 16.4

55 27.3 21.5 11.1 .

treatment )

means

25.3 19.6 18.2 17.6 17.5 16.0 17.0° 18.9 13.5

¥ blocks 1.55 ns
treatments 2.00 ns
Error Mean Square 140.38 -
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Side effects occurred in 63% of the gold Eatients at
some time during therapy. Almost all.reactioné were mild.
Fu(therldetails of the adverse ;eactioné are giv;n ink Table
u47. Data for -patients .who experienced side effects were
grouped according to samples taken before the' reaction,
samples téken while the patient vas experiencing the -
reaction, and samples ;aken after the reaction had subsided.
Patients who were free of side effects 'had higher cortisol
levels than did ©patients after adverse reactions had
subsided (Table 48). Patients had :higﬁer~ cortisol 1levels
priof to side effecgs than after side effects had .subsided;
however with selection of patients with replicated samples
before, during ;hd after side effects the effect was no

longer significant (TABLE 49).
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TABLE 47 CLASSIFICATION OF SIDE EFFECTS IN GOLD PATIENTS

Type of Reaction

Severe Skin reaction
Mild skin reaction
Mild skin reaction
Mild skin reaction

-mucosal reaction
mucosalTreaction
mucosal reaction

Mild
Mild
Mild

Proteinuria
Proteinuria

Time of Reaction

during studf period
prior to study period
during study period
up to 5 months after
stndy period

prior to study period
during study perjiod
up to 5 months after
study period -

prior to study period
during study period

Number of
Patients!

1
13
6
4y

2
3
4

7
2

1 Some patients exhibited more than one type of reaction on
more than one occasion. '

TABLE 48 EFFECT OF SIDE EFFECTS TO GOLD ON PLASHA‘CORTISOL

Group

No side effects
Sample taken

prior to side effects
Samples taken during
side effects

Samples taken after

side effects subsided -

1 By analysis of
replication,
square=78.44

2 significantly

variance,
F=2.68,

different by 1s4,

LEVELS
\
Plasma Cortisol?

p<0.05.

3 significantly different by 1lsd, p<0.05.

-

Number of

mean, mcg® Samples
19.92 87
20.33 38
~16.1 13
16.92 3 99"
random design with unequal
p<0.05, error df=233, error mean
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TABLE 49 PLASMA CORTISOL LEVELS IN PATIENTS WITH SIDE
EFFECTS TO GOLD
ANALYSIS OF VARIANCE RANDOMIZED COMPLETE BLOCK DESIGN

Patient Time of Sample Relative to Side Effects
: Before During After
5 8.9 11.2 8.8
7 18.8 23.3 21.2
22 15.7 16.7
26 33.4 25.8
47 o 17,2 17.6 14.6
48 7.0 J 7.2
49 : 18.6 10.6
53 Lo 3.7 N 15.7
Treatment means .
15.4 15.7 ' 16. 1
F blocks 7.36 p<0.005

tTeatments 0.64 ns
Error Mean
Square 23.43

C. RESULTS PLASMA GOLD LEVELS
: #

@ Plasma gold levels for pl%sma from patients in group I
were analyzed by flame atomic absorption spectroscopy. The
effect of golﬁ dosé on plasma gqld%level was evaluated by
expressing the gold dose as totai dose, gold dose rate,~and
as dosage schedule. There was a \m&&tive 'éorrelation
(r=0.4368, p<0.001, n=134) Dbetween plasma gold dose and
plasmé gold for total dose up to 500 mg. Up to 500 ﬁé
dosing is wusually on a weekly basis. For total déses
greéter than 500 mg, the correlation with plasma goid level

was negative (r=-0.2406, p<0.02, n=106). Gold dose rate and

plasma gold 1level gave a strong correlation (r=0.8366,
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p=0.001, n=244, Y = 0.17 X - 0.23, where Y=plasma gbld level
mcg/ml, X=dose rate mg/wkiﬁ Plasma gold levels ;or
different dosage schedules a4are shown in Table 50. The
plasm gold levels were measured at the eng of the” dose
interval so represent residual plasma gold levels. A dosage
schedule of 25 mg/week produced the highest residual gold
level; 25 mg/2 or 3 weeks and 12.5 mg/1 or 2 weeks produced
approximately half the reéidual gold 1level but were
indistinguishable_from each othe: The plasma gold 1level
versus gold dose (expressed as ng, vithwno consideration of
time) gave a correlation of 0.3336.(p=0.001, n=250) uhiéh is
weaker than the correlation for plasma gold versus total
dose (up to 500 mg) or gold dose rate. It can be seen that
therefore it has been used further to adjust gold levels to

a common dose rate to aid in <comparison of plasma gold

levels.
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TABLE 50 EFFECT OF GOLD DOSAGE SCHEDULE ON PLASHA GOLD

LEVELS.

Dosage Schedule plasma Gold Levelt mcg/ml
25 mg/wk . 4.21 ¢+ 0.48 (n=62)

25 mg/2 wk 0 2.12 £ 0.09 (n=20)2

25 mg/3 Wk 1.87 ¢+ 0.19 (n=3)2 3
12.5 mg/2 Wk - 1.52 ¢ 0.23 (n=10)2 3 *
12.5 mg/¥k 1.50 + 0.20 (n=15)2 3 ¢
25 mg/4 wk 0.69 + 0.08 (n=u48)3 *
12.5 mg/4 wk 0.43 £ 0.11 (n=5)*

12.5 mg/3 wk 0.42 + 0.20 (n=5)3 *

S mg/vwk 0.24 + 0.16 (n=5)3 *

1 Mean + standard error of the mean (number of
ob&ervations) . . '

2—4 yalues with the sane superscript are not significantly

different by Student-Neuman-Keul multiple. range test,
p(0.0S, standard error of difference (sed) =0.35.

k]

- > s

labma gold levels were higher in females (2.00 mcg/ml,
n=192) [than in ;alés (1.40 mcg/ml, n=51)'uhile dose rate in
females! was only insignificantiy higher than in ’ﬁZIEéC
(females 12{5 mg/wk, males 11.8 mg/wk, Table Si). The use
.6f analysis of covariance (Steel, 1960) allows elimination
of differences due; to varying dose rate, thus permitting
examination of;sex differences in plasma gold levels. - The
plasma gold levels were adjusted by regression to the plasma
gold 1level whicb would be expected if all patients had

received the overall mean dose rate of gold for that

experiment.
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TABLE 51 DIFFERENCE IN PLASMA GOLD LEVELS IN MALE AND FEMALE

PATIENTS
Sex Number Mean Mean Mean
of Observed Dose Adjusted
Samples Plasma Gold Rate Plasma Gold
mcg/ml ng/wk mcg/ml
Female 192 © 2.00 12.5 1.97
Male 51 1.40 11.8  1.51

Null hypothesis:no difference

-between groups? o
F 4.673 0.336 9.457

p<0.05 ns - p<0.005
atf 17241 1/247  1/240

>

1 plasma gold level is adjusted by covariance to 12.3 mg/wk
dose rate,

2 Null hypothesis is rejected if level of significance, p<

€.05 for F. When null hypothesis is upheld ns, not
signficant, is indicated with F. Df=degqrees ¢6f freedom.

2

There was no consistent relationship between plasma
gold level and age. The presence of complicating illness
had no effect on plasma gold when it had been adjusted to

constant dose rate by covariance (Table 52).

Those patients receiving gold and salicylates only and
patients receiving gold only did. not have significéntly
different plasma gold 1levels either before or after

adjustment to a constant dose rate (Table 53).

* patients who developed side .effects to gold did not
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handle gold any different;y than those ”uho did not, when
compéring plasma gold lévels adjusted by covariance to. a
coﬁéfant dose rate (Table 54)., Incidence of side effects to
gold was not reiatea to sex as Jjudged by Fisher exact
probability test (Siegel, 1956): 21 of 37 females and 10 of
13 males had side effects to gold. This will be discussed

.

later.
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TABLE 52 LACK OF EFFECT OF COMPLICATING ILLNESS ON PLASMA °

GOLD LEVEL
Group Number Mean Mean Mean
' ‘of Observed Dose Adjusted
Samples Plasma Gold Rate Plasma Goldtl
"mcg/ml ng/wk mcg/ml
No _ 141 2.03 | 12.6  1.99
Complicating
Illness
Endocrine or 24 - 2.48 16.6 1.74
Endocrine +
other
complicating Illness
Other 78 1,40 10.6  1.70
Complicating
Illness

Null hypothesis: no difference
beétween groups? .
F 5.0 4.9 2.6

p<0.01 p<0.01 ns
af 2,/240 27240 2/239
1 Plasma gold level is adjusted by covariance to 12.4

mg/wk dose rate.

2 Null hypothesis is rejected if level of signifcance, p<
0.05 for F. When'null hypothesis .!k_upheldf ns, not
significant is indicated with F. , :
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TABLE 53 LACK OF EFFECT OF SALICYLATE THERAPY ON PLASMA GOLD

LEVELS
Group Number Mean . Mean  Mean
of Observed Dose Adjusted
Samples Plasma Gold Rate Plasma
mCcg/ml mg/wk Gold?
mcqg/ml
Gold 21 - 1.87 W4 1.56
Gold + 174 1.83 12.3 1.87
Salicylate ‘ ‘ '
‘Null hypothesis:no difference
between groups?
F. 0.008 1.09 1.97
ns ns ns S
df 1,193 /193 17192
1 Plasma goid level 1is adjusted by covariande to 12.5
ng/vwk dose rate.
2 Null hypothesis is upheld when level of significance,

'p>0.05 for F and indicated ns.



226

TABLE 54 LACK OF EFFECT OF SIDE EFFECTS ON PLASMA GOLD

taken after
Side Effects
subsided

LEVELS

Gtoup Number Mean

of Observed

Samples Plasma Gold

mcg/ml

No Side 87 2.47
Effects
Samples 38 2.52
"taken prior
to Side Effects
samples 13 2.65
taken during
Side Effects
Samples 99 1.10

Null hypothesis:no difference

between groups?
F .

1 Plasma gold:

mg/wk dose rate.

2 Null hypothesis is rejected if p<0.05 for F.

w.2
p<0.005
daf 3/233

level

|

-

Mean
Dose
Rate

mg/vwk

15.5

16.9

14.2

20.6
0.005
3,233

Mean
Adjusted
Plasma Gold:?
mcg/ml

1.95

1.78

1.3

.ns

37232

is adjusted by cdvariance to 12.5

¥hen null

hypothesis is upheld ns is indicated with F.

D. RESULTS CORTISOL BINDING STUDIES

For each experimental group studied, four types of

information on cortisol were available: (1) cortisol binding

capacity of tramscortin (P1), f?) cortisol binding

of transcortin

affinity

(K1), (3) amount of umnbound cortisol in the
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.dilhted plasma sample (U as mcg% or %), (4) total endogenous
cortisol level in the plasma sample. m and' (2) wvere
calculated as described in literature surfey and theoretical
considerations (Section D (i)); two methods of calculation,
the limit method and the mathematical method, were used so
that two estimates of each binding parameter were obtained.
Unbound <cortisol was calculated ffoﬁ the ‘'zero ‘added!
cortisol point on the binding curve, and was corrected for
- adsorption efficiency. It must be kept in mind that unbound
cortisol was determined at 8°C and in diluted plasmé so it
does  not represent the amount of unbound cortisol
circulating 1in the ;gzood. A comparison of éndogenous
cortisol levels q&s also made for those patients selected
for .use in the binding studies. Albumin binding capacity
(P2) andrﬁinding affinity (K2) were determined but, as Seen
in the Introduction ahd the Mi}hodology section wvere
inaccurate and imprecisé. With highly variable data no
dif ferences would be detected, therefore albumin $inding
data has not been included.

. . - XY
R K ] ~ g

(i) CORTISOL BINDING PROPERTIES OF PLASMA FROM NOVICE G’OLtp

- >
i
Lo

PATIENTS (GROUP A) R

The data for the novice gold patients was analyzed as a
randomized complete block experiment with patients forming

blocks and stage of gold therapy as treatﬁent. No
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.
significant differences were found-in the cortisol binding
capacity of transcortin, in the cortisol binding affinity of
transcortin, in the total endogenous cortisol in plasma, in
the amount of unbound cortisol (U mcg%) or in the fraction

of cortisol unbound (U %) (Tables 55-57).

TABLE 55 TRANSCORTIN BINDING CAPACITY! OF NOVICE GOLD
PATIENTS (GROUP A)

Patient Stage of Gold Therapy
Pre-gold First Gold- Plasma Gold
Dose >2 mcg/ml
[ 4
35 32.0 (23.2) 27.0 (21.5) 30.4 (19.6)
8 29.9 (23.2) 37.0 38.3 (26.7)
25 26.6 (19.3) 34.8 (26.8) 34.3 (27.1)
26 131.6 (30.1) (o 28.2 (24.8)
F blocks 1.26 ns (1.67 ns)
treatments 0.010 ns (0.57 ns)
Error mean
Square - 12.94 (956.54)

1 P1 by limit method, () P1 by mathematical method, ncg¥.
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TABLE 56 TRANSCORTIN BINDING AFFINITY! OF NOVICE GOLD
PATIENTS (GROUP A)

Patient Stage of Gold Therapy
Pre-gold First Gold Plasma Gold
Dose >2 mcg/ml
35 0 3.30 (5.25)  4.97 (4.62)  2.44 (20.26)
8 3.50 (37.6) 3.40 (15.5) 3.83 (8%32)
25 4.30 (4.71) 4.02 (193.49)  3.81 (7.35)
26 5.18 (60.16) (1.92) 4.30 (3.82)
F blocks 2.26 ns (0.55 ns)

treatments 1.27 ns (0.53 ns)

Error Mean ,
Square 7.89 (3719.17) ~

1 K1 by 1imit method, () K1 by mathematical method,’ 1/m
x108.
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~ABLE 57 PLASMA CORTISOL LEVELS!, TOTAL AND UNBOUND, OF NOVICE GOLD PATIENTS

(GROUP" A)
Patient ‘Stage of Gold Therapy m
Pre-gold First Gold Plasma :Gold
Dose VN pcg/ml
35 31.2  (8.5) { 27.2 ] H:Lc.ﬁw.wv ( 16.1 ] 25.4 (6.8) [ 26.8 ]
g - 25.6  (5.9) [ 23.2 31 27.1 (5.9) [ 21.9 ] 22.6 (10.2) [ 45.0 )
25 19.2 (4.4) [ 23.2 ) 25.3 (4.5 [ 17.6 ) 23.7 (4.8) [ 20.1 ]}
26 : 39.4 (11.0) [ 33.0 3 35.5 (9.9) [ 27.8 ] 24.0 (6.5) ( 27.2 1
F blocks 1.5¢ ns (1.89 ns) [ 1.39 ns )
treatments 0.59 ns (0.59 ns) { 1.71 ns ]

Error Mean Square 42.34 (6.12) [ 48.02 ] i

1 Total ‘endogenous cortisol, mcg%, () unbound cortisol mcg%, { ] unbound
.cortisol expressed as % of total nwnnwmow. , _
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(ii) CORTISOL BINDING PROPERTIES IN-MATCHED PATIENTS (GROUP
.ki’l'}) B)

In this series of patients, variatdon due to difference

in age, sex, diagnosis, drug therapy and complicating
illness +were minimized by matching patients in the gold and
non-gold groups; thus differences in cortisol binding or
plasma cortisol levels should be detected if present. The
data was analyzed as paired 't' test. Again no significant
differences were observed between the groups for any of the

]

measured par- eters (Tables 58-60).
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TABLE 58 TRANSCORTIN BINDING CAPACITY! OF MATCHED PATIENTS

Gold )
" Patient Pt
2 26.0 (20.5)
22 31.0 (17.8)
30 26.4 (17.7)
33 22.0 (14.3)
35 29.7 (20.9)
36 20.4 (13.8)
38 23.1 (14.8)
38 (15.7)
42 51.8 (25.7)
4y 25.4 (17.8)
mean 28.2 (17.9)
standard deviation
9.5 (3.7)
Difference

Standard deviation
t

1 P1 by limit method,

i

(GROUP B)
Non-gold
Patient P1
63 15.6
59 15.4
65 14.2
60 20.6
14 43.0
70 36.8
69 19.8
69 19.8
v 61 10.5
7 64 20.6
' 21.8
10.9
6.“ (3.1)
16.9 (8.0)

1.13 ns (1.21 ns)

(11.5)
(11.1)
(12.1)
(15.9)
(17.1)
(28.4)
(14.7)
(14.7)

(9.4)
(13.1)

(14.8)

(5-3)

() P1 by mathematical method, mncghk.

O
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TABLE 59 TRANSCORTIN BINDING AFFINITY! QOF MATCHED PATIENTS

(GROUP B)
Gold Non-gold
Patient K1 o Patient ~ K1
2 5.56 (3.22 63 2.61
22 2.21  (4.63 59 3.70
30 2.13  (2.88) 65 3.73
31 4.20 (5.74) 60 5.88
35 2.52 (27.97) 14 2.17
36 3.1 (4.91) 70 2.81
3 3.79  (9.13) 69 2.95
38 (21. 3) 60
42 2.76 (12.97) 61 10.62
44, - 2.61  (4.52) 64 4.42
mean - 3.22. (9.73) §§f€ 4.32
standard deviation ; o .gf :
1.12 (8.56) 2.61
diffegence . ' 1.10 (4.29)
standard deviation ' 2.99. (14.0u4)
t v v 1.10 ns (0.966 ns)

1 K1 by Jimit method, () K1 by¥ mathematical method, 1/m

x10 8.

(14.16)
(15.90)
(4.99)
(6.81)
(5.58)
(4.63)
(38.90)
(38.90)
(8.13)
(2.95)

(14.01)

(13.70)
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TABLE 60 PLASMA CORTISO LEVELSY, TOTAL AND UNBOUND, OF
MATCHED PATIENTS (GROUP B)

Gold Non-gold
Patient Cortisol Level Patient Cortisol Leved
2 23.0 (6.0) [ .25.9 ) 63 8.6 (3.1) [ 36.1 ]
22 6.9 (3.1) [ 45.5 ] 59 2.2 (0.5) [ 23.8 ]
30 24.2 (8.5) [ 35.2 ) 65 7.7 (2.3) [ 30.2 )
31 15.0 (3.8) [ 25.6 ] 60 20.2 (5.2) [ 25.9 )
35 24.4 (9.2) [ 37.9 ] 14 26.5 (14.2) [ 53.7 ]
y 36 8.8 (2.2) [ 25.3 )] 70 23.2  (5.3) [ 23.0 ]
k\ 38 8.4 (1.2) [ 19.9 ] 69 13.7 (4.2) [ 31.0 ]
) 38 13.4 (4.6) [ 34.2 ] 69 13.7  (4.2) [ 31.0 )
w2 16.1 (7.1) [ 43.9 ] 61 1.6 (0.2) [ 13.5 ]
o 44 23.8 (6.6) [ 27.9 ] 64 1.6  (3.3) [ 22.3 ]
// medn 16.4 (5.3) [ 32.1 3} 13.2 (4.3) [ 29.0 )
..... standard deviation .
7.0 (2.6) [ 8.6 ) 8.4 (3.9) [ 10.7 ]
Difference 3.2 (1.0) [ 3.1 )
- standard deviation 10.3 (4.0) [ 14.3 ]
t . 0.98 ns (0.80.ns) [ 0.68 ns e
1 Total endogenous cortisol, mcg%; () unbound cortisol,
RC9%; [ ] unbound cortisol expressed as % of total
cortisol.
¢

(1ii) CORTISbL BINDING PROPERTIES IN PATIENTS GROUPED
ACCORDING TO PLASMA GOLD LEVEL (GROUP C)
~
Variation in theeamount of gold in plasma is considered
in this series-éﬁ patiehts. The data was initially analyzed
by analysis of variance randomized design with unequal
replication, using a least significant difference (l1sd) test
to detect differences (Steel, 1960). Caution must be used
»

in’ intérpreting differences detecteéd by the 1lsd when F is

non-significant because multiple comparisons are made °with

¥



1 235
the 1sd and %alse differences may be detected. Cortisol
binding capaciti was elevated at plasma‘ gold ie&els of 5
mcg/ml or gre&;er (Table 61) when plasma gold was grouped
into 9 groups orivhen adj;Eent groups were combined giving 5
groups. The lat#er grouping puts more data in each group
and makes the test more powerful in detecting differences.
Because patients‘ado not occur uniformly throughout all
plasma gold grou?s, an effect due to patient differencé not
treatments could éroduce this effect. When only;:data for

| &2
patients replicatfd at several plasma gold‘£2vels was used
in analysis'of variance complete block design with patients
as blocks, the difference was no loﬁger éignificant (Table.
62). The effect OA transcortin binding cépacity.is not due
to gold treatment.i

t

e diff"rentg béiween K1 (mathematical) for non-
detectab old andgno gold is.due tQ~bias introduced by one -
large value 1in the former group. The difference does not
oécut-ﬁby the limit‘method, so is probably not real (Table
63);. No other differences in K1 & -re found. Endogenous
coftisol levels ana unbound cortisol, mcg%, were low in
group54—<5 mcg/ml and high in group >6 mcg/ml; however each
group consisted of only two patients so the meaningfulness
of this difference is q&estionable (Table 64). H"Hhen .the
daté was pooled into 5 groups, as deSCribed before, these

differences disappeared indicating that they were due to
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chance. No other differences were found in total plasma

cortisol or unbound cortisol.



237

TABLE 61 TRANSCORTIN BINDING CAPACITY! FOR PATIENTS GROUPED
BY PLASMA GOLD LEVEL (GROUP C)2

Plasma Gold P1 mean3
Level mcg/ml

no gold 26.6 10.5 20.6 32.0 14.2 20.8% 5 20.8
(19.3 9.4 13.1 23.2 12.1) (15.4) (15. &)
not . 26,4 20.4 23.1 34.8 49.2 30.85 28.4
detectable  (17.7 13.8 14.8 26.8 27.4) (20. 1) (18. 8)
<1 ©21.7 21.9 27.0 37.0 22.0. 25.97
{15.9 17.4 21.5 14. 3) (17.3)
1-<2 25.4 33.9 22.1 27.1 . 27.1 27.1
©(17.8 25.3 17.4 19.3) (”\\\\izo.O) (21.0)
2-<3 «21.1 33.0 21.2 24.2 35.5 27.0
y (17.6 24.8 16.2 24.8 25.4) (21.8)
3-<y // 26.0 30.4 34.3 23.2 ) 28.0 27. 4
(20.5 19.6 27.1 17.0) (21.0) (20.2)
4-<5 25.0 27.2 26.1
(16.0 21.0) , (18.5)
5-<6 27.0 37.6 34.2 38.4 34.3% 7 33,7
(16.6 21.2 29.4 47.1 . (28.6) (27. )
26 37.6 27.6 ~ 32.6

(31.3 18.5) ‘ ' (24.9)
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Overall mean all gold patients . 28.8
(21.4)
Standard deviation 6.9
(6.8)
F 1.20ns 2.317ns
(1.39ns) (2.75¢)
Error mean square ‘ 55.55 50.57

(43.85) (39.72).
! P1 by limit methéd,.() P1 by mathematical method, mcg%.

2 order of data is the same as in Table 33 where th
patients are described. ‘

3 First value for 9 groups of data, second value for 5
groups of data: no gold, not detectable to <1, 1-<3, 3-
"<5, >5 mcg/ml. T :

‘ significantly different by least significant difference
(1sd) ; t=2.70 (2.96), p<0.05 (0.01), standard error of
difference (sgp) =5.00 (4.44).

S Significantly different .by 1sd; t=2.121 (1.12), p<0.05
(ns) , sed=4.71 (4.19).

6 p<0.05.

7 Significantly different by 1sd; t=1.68 (2.41), p ns
(<0.05), sed=5.00 (4.68).
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TABLE 62 TRANSCORTIN BINDING CAPACITY! OF PATIENTS GROUPED
BY PLASMA GOLD LEVEL
ANALYSIS OF VARIANCE RANDOMIZED COMPLETE BLOCK DESIGN

‘'Plasma Gold Patient

Level mcg/ml

54 2 11 46

27.6
25.0 24.0 27.2
38.0 30.7 34.2

25 35 38 4y
no gold 26.6 32.0
<1 34.8 27.0 23.1 21.9
1-<3 \ 33.0 22.71 25.4 21.1
3-<5 : 34.3 30.4
2 5
F blocks 0.80 ns
treatments 1.07 ns
Error Mean Square 331.72

1 P1 by 1limit method, mcg%.

Treatment
Means

29.3
26.7
25.8

.28.2

34.3



TéBLE 63 TRANSCORTIN BINDING AFFINITY! FOR PATIENTS

Plasma Gold
Level mcg/ml

no gold

not

.detectable

<1

>6

Overall mean all gold patients

BY PLASMA GOLD LEVEL (GROUP ()2

K

4,30
(4.71

2¢.3 3.17 3.79
(2188

.41 3.91 4.97
(6.92
2.61
(4.52

4.346 5.17
5.56 2.24 3.81
(3.22
2.09 7.21
(5.31 23.11)
4.23 2.03 5.8~
(9.53 4.90 7.71
7.24  3.38
(8.48 12.20)

standard deviation

F

Error mean square

;

10.62 4.42 3.30 3.73

8.13 2.95 5.25 4.99)

8.07 4.62 15.50 5.74)

4.01 10.11
4.917 9.13 193.49 30.36)

3.40 4.20

5.44 11.20 3.80
7.04 17.90 '5.51)

3.37 4.30 1.61
(15.04 13.27 14.38 3.82 3.42)

6.90

20.26 7.35 33.89)

2,42

4.65).

-

\
]

\

~

3
Mean ‘

5.27+
(5-21)

4644
(48.15)

4.18

(8.17)

5.79
(8.74)

3.76
(9-.99)

4.68
(16.18)

4.65
(14.21)

6.14 "

(6.70)

5.31
(10.34)

4.81
(16.36)
2.60
(33.79)
0.305
(0.822
8.160

240

GROUPED

5.27
(5.21)

4.41
(28.16)

4.65

(9. 44)

4.67
(15.52)

5.86)

S (7.91)

0.320ns
0.676ns)
T443

(1036.3) (1032.3)
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‘A

K1 by 1limit method, () K1

x108,

order of data is the same as
are described.

First value for 9 groups

groups of data: no gold, not
<5, >5 mcg/ml.

A Y ;

Significantly different by

(<0.05), sed=1.81 (20.36).

241

by mathematical method, l/m 
in Table 33 where

patients

of data, second walue for 5
detectable to <1, 1-<3, 3-

1sd; t=0.350 (2.110), p ns
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TABLE 64 PLASMA CORTISOL LEVELSY, TOTAL AND UNBOUND, FOR
PATIENTS GROUPED -BY PLASMA GOLD LEVEL (GEOUP C)z

PlLasma Gold
Level mcg/ml

no gold

not
detectable

<1

Cortisol Level

19.2 1.6
(4.4 0.2
[23.2 13.5
24.2 8.8
(8.5 2.2
[35.2 25.3
10.4 10.8
(2.2 2.4
[21.6 22.0
23.8 24.7
(6.6 4.0
[27.9

O - N w s
[ LY

O~ &

4.4
2.3
16.1

4.2
1.5

31.2 7.7
8.5 2.3)
27.2 30.2]
25.3 21.4
4.5 1.0)
17.6 4.5]
27.1 15.0
5.9 3.8)
21.9 25.6)
19.8 o

4.8)

16.2 10.4 24.4]

7.00 23.2 12.3 24.0 15.7

(1.4 4.0

[19.4 17.4 27.2 27.2 19.9}

3.3

6.5 3.1)

23.0 25.4 23.7 10.1

4.8

1.4)

[25.9 26.8 20.1 13.9]

(6.0 6.8
3.9 14.4
(1.1 1.9)

C[27.4 13.4]

Mean3

14.9
(3.74)
[23.3)

17.6
(3.6)
[20.5]

15.5
(3.3)
[21.4]

20.6
(4.2)
[19.8]

16. 4
(3.7)
[22.2]

20.6
(4.8)
[21.7]

9.2
(1.5)
{20.4]

14.9
(3.74)
[23.3]

16.6
(3.14)
[21.0]

18.3
(3-9)
[21.1]

16. 8
(3.7)
[21.2]
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10.3 18.4 22.7 30.3 20.4 23.2
(1.8 4.6 3.4 2.2) (3.0) - (4.0)
[17.3 25.1 15.0 7.1] [16.1] [18.2]
37.9.19.4 28.64
(7.4  4.9) (6.2)
(19.6 25.0] [22.3
all mean all gold patients 18.4
, (3.7)
NS . [20.5]
dard deviation 7.8
' - (2.1)
[6.6]
1.01ns 0.86ns
(0.73ns) {0.08ns)
[0.35ns] [0.40ns)
I mean sqguare . 68.112 69.427

(5.09) (5. 35)
[50.64] [46.32]

Totalugﬁﬁogenous cortisol mcg%; () unbound cortisol
mcg%, [] unbound cortisol expressed as a % of total
cortisol. .

Order of data is the same as in Table 33 where pdtients
are .described.

First wvalue for 9 groups of data, second value for 5
groups of data: no gold, not detectable to <1, 1-<3, 3~
<5, >5 mcg/ml.

Significantly different by 1sd; t=2.36 (2.06) [0.27],
p<0.05 (<0.05) [ns], sed=8.25 (2.26) [7.12]. o
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E. RESULTS QUANTITATION OF SKIN, HAIR, NAIL AND BLOOD GOLD

LEVELS

Analysis of gold in skin biopsies was performed by

flameless atomic absorption (AAS) and by neutron activation

s (NAA). Where only neutron activation.analysis = was

RI®2. on a particular sagple, expected AAS result was

AP ‘ . . . . .
-ted by regression using the equaflon given 1in Table

_&"Quan‘t&ation of gold in other specimens was done by
- v

*  flameles5 atomic absorption.

0

Sy

NG

Skin gold levels were consistently.higher than plasma
gold levels (Table 65) in all ‘patients receiving dold,
indicating the skin is a storage area for gold. Nails

showed higher levels of 'gold than plasma but not as much as

skin. Hair gold was less than plasma- ‘gold, nail gold or

skin gold, suggesting ‘hair has af‘leéser tendency to

accumulate gold. Red biopd cells coﬂtained 14.9 to 47.0% of
the concentration of the gold found in plasma, which is in
keeping with the results of Lawrence (1961), Oka (1973); and

Smith (1973).

-
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TABLE -65 GOLD LEVELS OF SKIN, HAIR, NAILS,: AND mﬁmoo

Patient
Total Dose
oowﬁ. .Rate
ng ng/wk
Duration '
Therapy
monti's
W >2500 5
51 2492.5  2.27
75 :
33 5675 5.00
110
12 1967.5 17.50
60
3 1770 6.25
39
31 962.5 . 5.00
24
23 1360 5.00
38

La
Do

%4

Pr
.. to

Bi

24

25
11

25
5

25
10

25

st
Se
Time
ior .

opsy

wk
ng
wk

ng
wk

Rg
days

mg
Wk

mg
wk

ng
5 wk

Plasma
or
Sexrum
Golad
ncg/ml

0.603
0.8261

©0.9231

"2.914
2.024
0.6721

2.394

RBC
Gold

mcg/g

0.154

0.2062
0.1812
0.483
0.938
0.1212

0.782

Skin mowh

mcqg/g
NAA

65.041

40.98

160.00
25.850
12.251
8.200

11.890

AAS

70.992

(52.780) 3

139.962
38.000
15.010
(7.503) 3

10.727

Hair
Gold
ncg/g

0.631

0.235

0.710

0.483

Nail
Gold
ncg/g

3.485

0,077

3.955

1.507
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-

Skin gold levels were higher in the chrysiasie patients

[

than 1in the non-chrysiasis patients; however the chrysiasis

petients had received nore total gold. Skin gold levels for

this group fell within the 95% confidence 1limits of the

regression line (Steel, 1960) relating skin gold leveIE-and<?

total gold dose for non-chrysiasis patients (Figure l3),'

indicating 'thgi skin gold 1level Was similarly related to

.F

total gold dose in wpoth groups. Confidence 1limits are
calculated as follows: (s//m) x t (0.05) ;+ -where s is
R R . -

standard deviation about regression, n is number of pairs of

%

-

values used to détermine the regression line, and t (0.05) is

tabulated value for degrees of -freedom n-2. This suggeetsy

1!.
any patient who receives a sufficiently large dose of gold

would develop chrysiasis, in aQreement with the observatiens

2

o ’ "{ ‘ ‘
of Schmidt (1941). The correlation of total dose and skin ’

¥N
'gold level is not significant therefore the gonfidence

limits are ‘quite large.' Also, extrapolation = of the:

regression lime gives large confidence limits. This tends

, . . - :
to? discount the interpretation that skin gold levelf is

simply related to total gold dose. * l»»g -

~ ’ ' .
. s
s

For non- chry51a51s¢pat1ents skrn gold levels were well
s

correlated wlth dose rate ﬁﬁlgure fa) ’ Skln golad levels in
4

chrysiasis patlents were no@ rngted in the same way xo dose

’

rate, since their values were out31de thé' SS%fuconfldence
" " re- g

yersus dose

~limit of the regression line Qf skin,gqg‘”

-

. o O i .:_“.-‘..:“ P

S
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!

‘rate®for non-chrysiasis patients. The chrysiasis patients -

Pr o

had higher skin gold levels than expected, based on dose ’,
. ¥

rate. This suggests that chiysiasis patients nay

. CE », “ - " .

preferentially accumulate. gold in &he skin. If this is i%;ﬂ“

4

fact true,‘plasma gold levels would . likely be lower gﬁh

A

expected from the dose of gold in the chrysiasis patién€

LN

.

L

L K
This was in fact the case (Figure 15) when total gold doéi?’
: v

[ I'd .
was related to 'plasma gold 1level - for non—chryc&ﬁSis{ <

patients. Plasma gold level was no® correlated. with dose
. :

Fate in the 1 an-chrysiasis patients so regréssion analysis

is not warranted with this data. ! o, _ ‘

" S S A
A L Lot |
When the renewal time ‘¥; the skin,.* 13 to 18 daYs
(Allen, * 1967), is considered it may be-more reasonable to

expect that gold dose rate uould,deﬁgfﬁfge Skin gola level

- f%ather than total gold dose. ;Jﬁis is suppofted by the

$
o

stronger cotgelation between skingold level-and 'gold dose

rate than between skin gold and total gold dose. Thus it

appears that chrysiasis patients ‘may pfeférentially ‘store
W :

gold in the skin whﬁgg compared to patients #ho do not

exhibit chrysiasis, afggggéonsidering .differences .in dose

for the two groups.: : S

«

o .
"-; . ¢
R " "

AF:equentf?skin; biopsiés from. paiienﬁs would be both

ethicallyfaﬁd practically unac epatable so it was hoped that
. ) ’ . PR - N ~ ‘ )

hair or-nails would have the same levels of gold as skin. or’

g o g ; S

Do o | s a ' e e A e
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O

at least that skin gold levels were predictable
.

Ay

however this was not the case

from hair or

nail gqgold; (Table 65)

&9

(correlations: skin and hai gold r=0.0123 ns, d4f=2; skin

. and ~nail gold r=0.213 n2, df=2).

PR - |
f - ! | | “
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200

Gold in Skin (mcg/g) -

150--:

50

-

0

Y=0.0217%-14.043
r=0.8094"°
df=3 '

95% confidence
Timit

2000 4000

Total Dose of Gold
(mg, elemental Godid)

v

. Ouinu..ﬁéf;urnfuuy; ......... o e

FIGURE 13 Relationship of. Skin Gold Levels and Total
Dose of Gold for Non-chrysiasis.Patients.

g

- .Lhrysiasis Patients

o - Non-chrysiasis Patients

250



‘FIGURE 14

251

740"3 b . . ,'l?.‘ -
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: L Y=2. g}tm;x $.1050 S
100 o r=0. 99796 (p<o 01) T
: df=3 S
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80..:

s 60
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Timit

Gold in Skin (mcg/q)
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20 -+ ,
95% confidence
1imit

<

e Dose Rate B L .
(mg elemental Gold/wk) : q!? 3

o

Correlation of Skin Gold Levels and Gold Dose
Rate for Non-chrysiasis Pat1ents
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“ - Non-chrysiasis Patients
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20 -

Y=0.0020%-0.9997
r=0.8973 (p<0.05)
df=3

\ 4

>

p=t :

S04 95% confidence,

e : 1imit .
S 12

Q .

b :

. 10 .-

(o]

1 4]

= 8 ..

R ..

[40]

[
= 4 .. 95% confidence

o ikt

(€}

.

0 2000 4000 6000

Totai Dose of Gold ]
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]

%
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. FIGURE 15 Correlation of Plasma or Se?um.Go]% Levels
Patients.
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DISCUSSION
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' 4
A. ANALYSIS OF GOLD

Analysis of gold by atonmic absorption spectroscopy
offers a rapid, specific and sensitive method for
e ’

determination of gold in biological éﬁmples. Flame atomic

absorption has a sensitivity which is sufficient for the

analysis of gold in plasma of patients on an active regimen.

of gold therapy, but the sensitivity is inadequate for

-

prolonged studies after the administiation of gold is

stoppea. Flameless;atomic absorption offers the advantage

sufflblent sensitivity for these prolonged studies, and
'Y Ja"“*

Lﬁ%ﬂ%he advéhtage of the ablllty to measure gold in small

L,i; .
tissue samples. ‘The gold content of most tissue samples in

this study was sufficiently high to require dissolution and

dilution of tissue samples; thgs it was not neces;ary to use
the maximum sénsitivity of the flameless atomic ébsorption
method. Theoretically, because'of the three <cycle process
"in this flameless AAS, tissue//sdgples could be analyzed

directly without prior digestion of organic material.

&

Wi

Attempts to analyze tiéfue (approximately 1 mg) directly-
. o X

were not éatisfactory becahse of the incomplete destruction
of organic material during the 'cﬁaré stdée. Despite the
fact that deuterigm backg;ound correction was used, somé
-background absorption occurred during the atomize phase.
Also smoking during the atomize phase attenuated the gold

line sufficiently to reduce sensitivity 60-80%.  Prolonged

L 4



o 255

ashing at moderate temperatures did not completely destroy
the organic matrix, and since most of the ashing occurred in
the first few seconds prolonged ashing would not solve the

problem. Higher ashing temperatures were also insufficient

to destroy all organic material. At these temperatures some

~ dtomization of the gold occurred prior to analysis causing

poor reproducibillity. It was found that the gold signal

occurred before the, smoking in the atomize pﬁasé'so it would

be  possible to disting§1§h the gold signal from the
. . . )

background. The use of smaller,samples would alleviate this

problem, but then the additional - problem of accurate

-Wweighing of micrograms of tissue arises. With a suitable

microgram balance this is possible but may be only slightly
less tedidus than digestion of tissue prior to flameless AAS
analysis. For the purpose of this study digestion of the
tissue, dilution and analysis'éi aliquots. gave éufficient
sensitivity and had the a&ded advantage., that sevefal
replicate determination could be made on eacﬁléample.

It was shown by flame AAS that the .chemical form of

gold (ionic or covalent) did not affect the AAS response.
- &

‘The only problem with flame AAS was that of the viscosity of

plasma which &reduced the aspiration rate and thus the

- sensitivity off_fhe method. Dilution of the plasma with

surfactant - oniy:'partially overcame this problen. ~For

comparison with aqueous standards a correction for detection

wel . -

1
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efficiency was required. The other alternative was to make

the standard curves. using blank plasma to whid@&?&noun
Py v

amounts of gold had been added.

Neutron activation analysis of .gold also provides a
sensitive and specific means of analyzing gold in tissues;
however unavailability of thermal neutron sources makes the

method slow and inconvenient for many laboratories including

VRthis one. Complete analysis including counting was done by

commercial activation analysis services in this study.
Counting equipment suitable for activation analysis is
available here but the problems associated with shipment of -

radioactive materials of relatively short half life nade

counting’in our own laboratory impractical.

I

\

The two methods of gold analysis in tissﬁe samples,
flameless AAS and NAA, gave fesults which wefe well
correlated but the AAS method Qaveehighér results. Because
the rgsults are well correlated the difference cannot be due
to a background o;lmatrix éffect. Analysis of samples of
known gold content by'NAA gave good results. The amount of
gold found ﬁy NAA.wés correlated with the known gold content
of the plasma samples. The slope of the regressibn equation
was less than one but not sufficiently to account for the
difference in NAA 'and'AAS results. Comparison of NAA and
fgameless AAS for gold inybiological squles has not - been

% <
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reported in the literature.
4
B. ANALYSIS OF PLASMA CORTISOL AND PLASMA BINDING OF

CORTISOL

Interference studies supported the specificity of -the
CPB assay for cortiscl from the point of view of non-steroid
interference. Many of the compounds studied have not been
previously investigated for their interference with the
assay (Noujaim, 1971). Prednisone was found to interfere to
a similar extent as has been reported elsewhere (Nugent,

1966) . Prednisolone, a metabolite of prednisone, also
v

interferes in CPB assay of cortisol but to a greater extent
s ) :
than prednisone, being detected almost as strongly as
. : . Ea r .

cortisol (Noujaim, 1971). h
* 3 \

.\Determination of, the cortisol vprotein binding
pafé%%ters of plasma by competitive adsorption has been
report by other wquers (Heyns, 1967; ‘ Pegg, 1969;
Rousseau, 1972). The method used 1in the present study
removes most of the ambiguity involved in tge pfevious
methods as to temperature of the determination, and reduces
£hg dissociation of cortisol-protein complex during the
adsorption'step by wcrking at 8°cC,

W

0of the two methods of resolving binding data, the limit .
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method gave results clbser to those previously reported in
the literature, gave more accurate results with test dasa,
and gave more precise results for most parameters: The
mathematical method should give truer estimates of binding
parameters because it does not require the assumptions and
approximaf;ons needed to resolve the binding curves as 1is
the case with the-iimit method. The mathematical method is
very sensitive to small errors in the .data and can -give
grosslyt‘erroneous results for some sets of ata. The limit
method, being less sensitive to small errors in the data,

gives more Treagonable estimates binding parameters with

most data. These two methods haV advantage that they

%

can be run using a small computer. 'Literature' binding

parameters have been determined by a variety of approaches,
. <+

many of which are onlyéyapproximate methods; therefore.

. - ’
literature values do not themselves represent absolute
' - Y . ,

Qtandérds »for t&e ‘cogpisol-‘binding parameters of plasnma.
The methodsAuséd here wefe reasonabl& reliable with regard
to trapscortin binding ' parameters; albumin binding
parameters were ﬁqt detérminéd Vaccuréfely. It should Qe
possible to determine both.bin&ing pafaméters in a single

experiment by use of higher «cortisol concentrations (500-

1000 ng/ml) in the albumin part of the curve.

'The values of unbound cortisol are high compared to

‘normal physiological levels of 10% total cortisol being

- P “
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unbound (Beisel, 1964a). This is because dilution_of ﬁlasma
results .in decreased binding. Because determinations are
made at a lowered temperature, binding is incdreased -due to
increased transcortin affinity. Both 'these factors méke
direct extrapolation of unbound cortisol levels defermiﬁed
in the study to unbound cortisol circulating in the blood of

patients impossible.

-
K]

In this study— estroyen :Léated females had‘elevatgd
transcortin binding cavdcities as well as elevated total ané
unbound cortisol levels. This i:. contrary to the accepted
idea that unbound certisol is not ele;ated in these persons.
The findings in. the present étudy agree with those of

Lindholm (1973).

C. EFFECT OF GOLD THERAPY 0’1‘; PLASMA CORTISOL LEVELS AND
PLASNA CORTISOL BINDING | |

The first phase of the patient investigations show that
gold therapy does not alter «circulating 1levels of plasma
cortisol. Because of the size ofwthe pagient population
.available, a relatively ungﬁructured group ~ of dat~a was
avéilable; however anélysis of 'fhe data clasc in
several ways allowed control of certain variab e,
timing of sampling from the pafients relati#e to gola uousing

allowed for observation of persistent rather than transient
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effects of gold c¢n plasma cortisol. Because of the: lag

between dosing with gold and sampling from the patients,

measurement of plasma gold levels are more meaningful in
asssssing.responsé.of plasmz cortisol relative to the amount
of drug administered. T! fé is also the advantage that
differences in absorption and distribution of golad between
different patients are -eliminated. Initially a sex

difference in the response of plasma cortisol to gold was

suspected since a s?@nlflcant correlation of plasma cortisol

and plasma gold was found in male but not female patients.

Post menopausal women . did not, however, show this

\

relationship. In a single female case (49) who had

_undergone oophorectomy no ;reﬁd of increased cortisol with

increased plasma gold was seen. Since low correlations. in

large groups of data can be significant but sometimes

‘misleading, the 'data for plasma cortisol and plasma gdld CERS
- grouped by plasma gold level and examined by ,analysi -

variance. The same result of higher cortisol levels at high

plésma *gold lsvels (greater than 4 mcg/ml) was obtained;
however closer examination of the data revealed that ons
male patient >(2) was unduly iﬁportast te the data for high
plasma_goid levels. Only one sample Was taken from this
patient as a plasma gsld level less than u_mcg/ml. In this
sample, plasma cort1501 vas Iswer than in samples for this
patlent. ‘at greater than 4 mcg/ml. This patient héd

consistently high cortisol levelsscompared to the overall



2

w.

: 261

mean for gold patients so this effect was probably not - due

to high gold levels. Selecting only’data from patients who

¥ 4 g
- ; U

achieved'several'different plasma gold levegls during- the

study allovead analysis of tbe *‘a ,'in such a way as to

R

minimize the contribution of a Singg.patiEné to the overall @

‘resul

to plasma gold levebga'Analysi§ of ndata gon yno 2 gqlddy '
L Vh T K T, T 2 [

patie

matched patients, also supported the view that gold “th

ts. This re

nts . before

AT 4

veqjed that pIasma corﬁigol was not related

LRt

kS P . ';’Yu :
and during gold therapy, and data .for

. ’ * v L& A * # ey
. f - .

does not alter plasma cortisol levels.

@

Concomitant

drug therapy while reoeiving gold also

complicated the picture. A literature search'revealed that

t

few

of +the dru

gs patients vere taking are known to affecﬁ{
TP

plasma cortisol levela. Prednisone is the most 1ikely drug

to e

used,

thera

ffect. plasm
As it " 1is
py.  Few

‘y, e -
. ¥ kv

a cortisol 1levels, espGCially when dt is

‘in rheumatoid arthritis, for_ long tegm

.t .o ! .
-patients in the study 'were-,recelving
: o o e )

prednisone or othe;__prms of corticosteroid therapy and af

those

low,

abnor

'observable effect. 1In addition corticoSteroid therapy 1

that were,

as uould be

mally high

FRRNNY N

plasma cortisol levels were not abnormally
expected from- adrenal vSUppIESSlon, or

as would be  expectead if prednisone or its

metabolite, prednisolOne,'in tbe blood were interfering in

the

known

.’/
2

to redUCe

A )

5 v

assay. Tnese twq-Opposing effects~could~canCe1 out any

Se

~U)

hypothalamus pituitary adrenal reserve but

\

[



'may not necessarily depress basal levéls of circulating

. cortlsol.‘ Statlstlcal,analy51s of the small number of cases,
) <

was not poss1bie but these cases probabl% dld,%bt effect the

overall data to any large extent.” . .§ .
. e . \,/
. ) Ps N . s
. Host'batients in&g%% study "were receiving salicylate
. ) T %
.therapy. In the few gold patients who were not receiving

| sallcylate no difference in plasm& conxlsol evel could, be
: detected from those rece1v1ng sallcylat . The consensus
vy vc

from the 1literatu- ~“suggests _that'.saliCyiates .slightly

elevate plasnd CC"iCﬂ:.eiéidSvnfThiS t®mend:
» _ : :
sal?cylate only, o sallcylato 4' gold“

Ly Y

“seen in thé,

ts versus
at 'é:‘ . “ " - . .
controls ~subjects an.dru

s &« g.; :

& o
@1fferences in age, or sta,

'+ but this. may have be

 of | heaith bétleen the c ttels
an&“ the patlent§°rece1v1ng salloylates.« Most of the other

_used._byyﬂthe- pa*lents do not _effegt plasha

cort cos+e201d levels., Examlnatlon of thelr effect in ﬁhlsd

2

‘study %as net ﬁéséifle' because of the emall" ngmber of
patients +taking each drug. None "of , these other ¢rugs

interferede in the aséay of cortisol.: --'\\

» . ’ [N " I
. .\J ot L . e \ .
+ A toxic rTeactiom to any drug  welld result "in‘
. ' ! ’ - ’ ') .
stimulation of JHPA  axis and’ increased plasma cort;sol
LN .- ' B ) . ; 3\ -
levels. Any effect of gold therapy on ‘plasma cortisol \must

.

~

ke - ‘e ' Ve
be .djstinguished from a toxic effect. There was no effect*

Bl
\

on pla%ma-cortisol related to the therapeutic effect of’

Y X : ‘ ‘ S “ - -
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gold; but an/effect on plasma cortsiol related &0 toxicity

‘'was observed. The samples taken from»pa{iehts after an

- -

-
' 6

than samples fronm patlents who experlenced no, tox1c reactlonﬁ

»‘-

to gold. There was +Nno trend +td higher plasma corglsOI
levels in samples.taken“ﬁﬁring adverse reactions.” Rélativeﬁ
A"
depletion af adrenal corticqgsteroids in response tOra toxid '
s "\j\@ '" "
vreactiéﬁ'could account for the lowéred plasma COttlSOlvq
ro- o &§§ L S
e 1eveLs after tox c%ty. s a*n o .
: Fe wa BN P .
" ' T . : V&v’ o« - ;r . B ‘. ‘ . i L}
. e el et e ;'t o ' i o a T 9’ N
Vy . A e B ’ C - RN

. ‘There ;E?S a- slldﬁbihrehd touard hlgher plasma.cortlsol

CE . M

N ‘
levels wlth agvanc1ng agﬁ‘;n the group I patlents.‘ﬂ Slmilar

;G by T
reports Qin'-t@e llterature of hlgher plasma COIthOSterOldS

. in older'%ersons have been made (Samuels, 1956; Querldo,
T

-+ +1967) _but;;ﬁ;j: effect’ is very sllght (not statlstrsally
9 N ¢ Sy 5. L L .
SIgnxflca§%>;¢ has.no} beenkdemonstrated in all studies

K

N 3

(Pingus, 1 1625 »Gherandachz?.1967)

w . ) A
J

$he method ofa&naly21ng plasma cortisol is spec1f1c 1n

i ]
.the senge thaf it is frg@'df non-steroid 1nterferences. The

V
Varlous cort;cpsterozdsdare assayed to varying extents. The

— - 0 . .

introduction of'.the ca on, tetrachloride uater ﬁrtitiéhin ‘
iction : ' p g

) e S . \
st@b “improves the _spap1f1c1ty for a polar ster01d such as
. N ‘ " . \ ’
t e . . ‘
cortisol . (Jeffery, u1971). Clrculatlng metabolites  of

v P 3 ‘*',.

cortisol .are @oré pole;hcthan cortisol so would not be

v:( ' . ) . o
N separated by thls step. Tetrahydrocortisol;, 6-beta-hydroxy-
SN : ‘ A

.

adverse reaction to gold'had lower plasma cortisol levefs"

.

A"
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%

B ’ '4 ’

- v op : .

cortisol and’ several other hydroxylated cortispl matgbolltes

o!
I

do not bind signlflcantly té transcortin relﬁilve to -

coftisol so would not be assayed”by this method (Ghosh,

-

.1971%) . Any changes in the c1rq’}at1n% cortisol metabolltes

}:oﬁld 11ke1y not affect the assay “of COEtlSOl.l Thus if the

-

<@

ak
¢ .

hypathe51s
. ,» \ "

cortlcoster01ds " but | also . 1ncrease metabollsm ~.of

L T R . e

of cortyeemuidq not llkely detect 1ncreased c1rculat1ng
- LE IR, NRAY A 1 "

levels " of e;abolltes. 4!139 %ﬁﬁdy of .metabolism of

, - &- o & )

cortlshl,ﬁguld requlre collectlon of urinary metabolltesﬂ as-
- *) TN

velt as circul%&%pg ﬁetabolltes. C . .

T, = A SRR

L

Cortlsol levels in 'nonmql' J}ndivi&uals”(qfoﬁp IIIj

>
PR

were lower than 1w“e1tber ﬂlsease greﬁﬁ; (grou& f or II).;

123
v [

rphls may: be. &ﬁg to one,.or a coMblnatlon, ot three factors.

:Flrstly, group III, was younger than groups I or II. mhe}:e

.

seens 1x1§tm a uedk reletlonshlp between advﬁnc1ng &ﬂf and

N

, N ' 1’
“ increased _plasma COItlSOl k levels.,f‘ Secondly, -'ChrODlC

~in grouos II and IIT. Thirdly, the 1ncréase 1n cortlsol Cia

e N,

s a .
" disease, acting” as a stre;s, may explain the higher levels

TN

grog;}"ll and III could be due to drug therapy of the

B

patients. ‘Which factor is causing the effectv_cannot_ be

4 .

vdetermined qor: is® it of major importance to this study.

Most of the analy51s of data was . done without regard for

group III 51nce it does ™ot serve as a su1table coqttol

>

5

¢of Kelley (1961) that sallcylates 1ncrease plasmay

B, R |
corticosf' Lfgl “;ﬁye true fdr gold, this methbd of analy51sT

A
*,

*'



tat low plasma gold levels. ~The effect OW  tramnscor fn
. - . ) B A

.fo be elevated at plasma gold levels greaﬁlk”%‘

L3
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:a ~ ‘A . " . v‘
group. The contr'ol group for this study of the effect of

gold on " cortis® ig really group II, a _group of
< i-‘\l . B Y ) A ) t ] ] ' h .“’ - & - . ‘ . ,
patients 9OSNmilar age, diagndsis, and ,concomitanf drug

therapy excldsive‘of gpld.

The degree of protein binding of cortisol is
A .

‘—particqlarly important to the active leyel of éo€t1501 in
thefblood {Beisel, 196ua);“Eherefore;the bindipg of cortisol .
to the- plasmaa,propglns was.studied. Becgtgﬁﬁof the high -

‘ dlssoc1at10 ga% of cortlsol transcortln,q’bqund cortisal is

..,: L -
readlly ava11able.-Paterson (1973ﬂpluns shown that rapid
disocciation from 'proteln blgﬂlng sites can occur iﬂ gi!g
“ ‘w'i B ] Q. .
making’ bound cor;;fol' available to tissues. ~:Thus® the

By
v J ‘

determlnatlon of K1 1s partlcularly lmportant,151nc!’changes

in.'the strength oﬁw binding: could markedly effect the
‘ . ’ g ' . . . ' ’

availability of bound cortisola No effect o gold on the

binding of cortisol was observed in-gevice gold patients

early in thelr course of gold treatmth or in gold and. non-

‘gard patlents matchea\as to various characterlstlcs. Agaiun,
. ) \3
. P - "
as. w1th the study. of total’ plasma tortlsol, differences vere

- -

- ’
*found "in transcortin blndlng capa01ty when.diza was ‘grouped

by plasma gold level‘ Transcortln bind¥ng capaclty appearéd

o .:&‘M g/mi

> 3

< ’

however ‘this effect was again dueé to presence- of npagiénts

with high "P1 at high plasda gold levels who did not apbear
22 A ‘ : kN

«

¥

>

4



binding capacity was not due to gold,f Other measures, K1

A}
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-

and fraction unbound, of plasma bin@iné of «cortisol were

unaffected by gold therapy. Interferfice studies in CPB

assay of cortisol using gold sodium thiomalate indicate that

gold does not displace cortisol from its "binding sites ii

L ]

vitro. It can be concluded, that gold does not produce ié;{"‘

{

' i Ly
beneficial effect in rheumatoid arthritis by alteration of

*

circulating cortisol or its bini%ng to ﬂé&55cortin{

[

« D. PLASMA AND TISSUE GOLD LEVEL®

O -
f{‘“"?iasma ‘gold levels

?

N

up to a £é¥;f.d§se-of‘500

S g .
“bold’agmg5s were positivély correlat

1
-« .

/./i_ ¥ .
were related to gold dose. Plasma
) ‘ » i Q’

isce. of gold

2500 “mg Cof gﬂ%éuA

m§, then |

plasma gold levelsfﬁgre negativelY'corrélngp to total dose

in group I patiénfgi“'This change in"re&atiéﬁship betwee

a

/ “

plasma(gold “%Syel and dQ§é probably reflects the change in

4

% Josage schedule madeyat 500 mg of gold. After 500 mg of
Y , * . . _

® ~ v ] .
+7 gold dosing = is gradually feduced Tn frqguency te once per

’

N . \

: m%nth from thevprevious scheddﬁe of dosiqg_%once weekly.

: . s . . s 9
This .points out ‘the +need for consideration ,of temporal

L4

{study, expression of gold
.*;?‘{Q“'Fﬁé"*;-{m““most useful.
plasma gold was strongest

rate. For dose rates,

o

‘§

factors in expressing dose. - From tpe»availhblﬁ}ﬁata in\this"'

.dose as dose rate (mg/wk) seemed .
The correlation of gold dose with

where dose was expressed '‘as dose
. )
where comparisons with literature,

a

N

v
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1 ’ '

values could be made, plasma gold levels ih this study vere

similar to pr%yiously reported values. Dose, rate is not
. 'ﬂ? ,

_gozuever the 1deal expression of gold dose wecause ‘this *

. a4 .
ignores’ accumulatron of gold ﬂﬂ*ch ocqurs with repeatea‘
. Rt ~0
dosing at constant dose rate. Attempts to account for this
accumulation effect, bkxﬁuse” of dose rdte and total dose
: ».- [ ‘.

. . v L : .
‘together; for multiple regression, to predict plasma gold
. T R . T c
levels did _nat significantly JBpProve tﬁﬁ relationship‘

derlved“@ekween Vplasma gold 1evek and dose. « Sampling

schegyle was ynot 'éof de51gned as - to allow estlmafion oF B
) B . “‘lu’ ' o

”pharmacoklnetlc rate constants for absorptlon, dlstrlbutlon 5

. _,,/"A
. o

v

e,

3 Femafe vpatients'“ué;e found to have‘higher plasma gold

levels tnuan male patiests, a differegce that could not be

-

‘explained by a-difference in dose rate. It is possible that -

" females on average weighed less  thap males. Thig coulds

4 T 2% RIS
explain the difference. , Only incomple?e information” vags

ava;layle on patients' weights., In this smaller group of

patients'for vhom weighté wdre known plasma gold levels were »

v “ Yo
P
not ‘higher in females t?an in males. , A secgnd . possible
o .. \-/
explanation of hlgher plasma gold levels im. females compared
- N )
(

to males is that females have ‘a higher proportlon of boay
fat Uﬁﬂr‘mles (Bell 1965) therefore vater oluble‘ drugs,
such as gold sodium thiomalate; have"a lower Volume of

distribution inlfemales than in males. This: would resultvih

e



b

“ ’ . -~

higher plasma‘yold levels in females.
No effeoféof concomitant drug therapy on

level could be demonstrated in this study.-

The, 1i§§rature indicates there is controversy as tgq -

)

uhetheg pat;ents who show side effects to gold have higher

‘1evel§‘ of gold than those patients free of Side Jffects.
& . R

Because of the strong coprelation between plasma gold and

S S - e

_gold dose rate, 4t ‘Was posSible, by analY%is of covariance,

- o' K . e

Q'to show that patients who deyeloped side iifects to gold had

*as "ad patien+s who did not develop side effects. This

M .

study supporgs uthe, View fhat patientg‘ who develop side

I

v

B )

M

P

effects to gold do not hanéle gold differently from those

‘ \ *

patientf who -do not °Xhlblt Side effects. Howevel} as
. .
plasma gold was the cnly parameter measured and no attempt

Mas, made to. de+erm1ne%the pharma?ﬁdynamics of gold in each

patient, this can*only regarded ds a tentative concluSion.'

KR
[ d
[

v
K

- T4 . R 1 : o 1
side -effeets and the reporting of mild side effects.  The

entire gold therapy period for all patients was 1nc1uded in

reports of .side- effects “to gold. In some cases this

a2

i'.represents therapy‘omer a period of several. years. - Despité

Y

'éimilar plasma gold 1evels for a standardized gold Bose rate

The irncidence of/side effect in this‘,study was 63%,'

which is sopewhat higher tkap tne'repoﬁzéi;iscidence of 5-
4 Ay . e »
50% (Meyler, 1968). This higher incidence sjﬁe effects_

probably EESplts fromsclose_surveillanck of the-spatients for

¢

Fr
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. higher plasma gold levels females did not show an increased

incidence cf side effects to gold. \

In - the sméi&@r group of patients from whonm skin

‘
4

o

‘ biopsies were obtained, plasma gold was positivelyl
cdrrelated yith total dose despite the fact that total dose
uas~igredtéf thanA 5¢0 nmg. This 1is p;obabky because time
si&éé”the Iast dose of gg%S was much more unlforj in these
patients then in patlents in group I.‘ Dose rate was more
strongly correlated wi;h skin gold leyels; _than wa's to{al

gold dose. b
> -~

*fk : » | vt .i;,,,’ S

% High 1levels of gold were found in the skin cOmpared to”

plasﬁéu These high levels of gold 1n the skln coupled with
the fact that about 6- 1u g. of skln are sloughed off by the

'body each day (Allen, 1907) suggests that the skin may be an

4") .
.important storage or exgretory site for, gold.

Microdlstrlbution studies have shown that gold is.present in
-

the dermls}m€21mmerll, 1229) and in the basal layer of th@
1:« 4
epldermls Vds&ram, 1959; Montgomify, 1967) , a layer of the

skin which is sloughed off. If gold is al®o lost with this

\
"xzkin a 51gr1f1can+2?Fount of eﬁiFetlon could occur. Forth

example, pa%ient: 51- -\ggd 53 “mncg/g goM in her skin. if

s

uniform‘distribution of gold .throughout the skin of the

«

entire - body- is @&@®sumed, - an assumption  which finds some

-

support from the work of Bogg (1958); it can - be calculated

*
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.

that 6.8% of the total dose of gold this patient has

received is currently in the patients skin (females havel, an
Ay . . "nf"‘,.

a . ¢ .
average of 3200 g of skin, males havye an average gj 4800 g

of skip, All“, 1967). If an average of 10 g
lost per é; ~byrthis patiént and this skin contaid ‘”61d at
the above concentration this y?uld‘amgunt to a currgnf daily
excretion of °O,5 @g -pf gol& og;3§é§@g/weék, an excretioh
which is significaht compared +to the urinary and‘ fecal

excretion of gold reported in the literature, and compared
) ' .

to the current dose rate for this patient. Urinary and

feca excretion of gold varies between 0.2 and 1.3 mg/day

. &
(Davis, 1969; Gottliseb, 1971a; Jones, 1971; Kapelov;gi,
. ¢ ﬁf‘ . .
1964; Mascarenhas, 19723 Sliwinski, 1966; Freyberg, 19425
) ‘ S Y
»’ . .
Gottlieb, 1972b; HartJﬁg, 1940b; Sorensen, 1970; Lorber,

1973;. Lawrehce;'1§61). Table 66 shows similar caléulationsv
for the other pafients. It is nogeuorthy'that the éredicted
excretion o{ gold via the skin for, chrySiasis patients 51
and733 isléféatef than their cnurrent intake of gold.

s ‘ . \ N
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FFKLY EXCRETION OF GOLD VIA THE SKIN AT
TIME OF BIOPSY

TABLE 66 PREDICTER

Patient Predicted Excretion? Skin?2

of Gold Excretion
via Skin % of Dose Rate
ng/vwk
51 ° 3.71 . 169
W 4.97 '
33 9.8 . 196
26 2.66 15.2
12 1,05 . ’ 16.8
31 .5 , ' 10.Q £ , : <
23 0.75" 15,0 ‘
21 €.72 14 .4 > _ . .

1 Skin gold 1level from Table 65 in mcg/g x 10 g/d x 7'
d/wk /1C00 mcg/mg = predicted wgekly excretion of gold
via the skin, mg/wk. ' o

2 Predlcted excretlon via the skin, mg[wk, / éose rate
frﬁ Table swpreése;d as %. . : ,
" by y - - . . , . EYY )
‘ 3§§§%r' . jﬁg N , \ ,
. N )‘3 . N j’ ’ " ;w ‘ .

8
&K’"" ’ . ’ . o k h . ‘v . ‘

If a linear build up skin gold‘ is assumed with

v

increasing total dose in a relationship similar to that
shown hin ﬁ&gﬂ!@ 13, it is possible to calcu;pte the‘total
amount of gold eiéfeted.gg paiasnt 51. Aséhmlng that dose

_iéte wad rclatlvely constant for‘éils gat;ent the average
skin gold level can be predlcted\}romAthe.\?kin gold lev@ﬁ*}zk
correspondlng toea dose equltalenﬁggo hal#® the total dosé\éiu;w
the time of blopsy.v Aver;q;\ékln gold level by this method

-1
%?ls 18 mcg/g for patlent 51, Excretlon of gold via the- skln e

B S 4,(
for this patient over th entlre ‘75 month duratlon of gold
‘' 5., . 0,4
therapy can be calculated as (75 mon+hs X 30 d/mqnth x .18
. . .. - ] -\;)

-~

-
-
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- .

mcg gold/g skim x g skin/d) = 405 ng. ‘This corresponds
to 16.2% of the total dose this patient has recelved Table
67 showsfsimilar calculatiogs of excretion by this method
for all patients.
. . L}
TABLE 67 PREDICTED TOTAL EXCRETION OF GOLD VIA '.I‘HE ‘SKIN :
ASSUMING LINEAR BUILD UP OF GOLD IN SKIN FROM INITIATION OF g
GOLD THERAPY .. % . fg

“Predicted! Ex¢retion? % of3

Patient D ‘
- 2 «  Average = . via Skin Total Dose
ng _ Skip; Gold mg |
'hmcq/g
, | " .
54 "1246.25 405 - fe.2
W : >1250 243 9.7
33 2837.5 1551 27.2
26+ 983.75 ph © . g 100 7.3
L .12 . gj%-lueas e : ggf'7o 4o 0
31 C.\g81.25 0 W R T © 0 l ’
23 4 6 . oL R 0.8 e®
e 0 R S

21 . 4T 25

T Average skin gold level pred1c+ed from Figure’ 13 for
TD/2, where TD/2 is total gold dose divided by 2.
2 Total excretion via skin oughout 'total duration of
+ therapy =, predicted gi@?égc skin gold x duration of
therapy from Table 65 x gsd.
3 predicted excretlgp / T6tal Dose exprassed as, %.

R . o (. e ‘ .
. -0 S ’ CoA . .
o N . . - | - ; ) s
’.;\ .Fi%uze' 13‘ suggests théﬁ__géld QO?S not gggrt to
, \ Ty

toa
n

- ;Ecumulateu'iﬁ the skin | untii after 600 mg pf\totai gold."
. - . . i / .

T oorf‘dlctates that'ﬁo 0) is a point on .the régréssidnv'\
[ 3 .. ’

S

llne, excluding the sl*ght amount of gold 1n ;he body dub to\
cnv1rnomental equsure, but it is not pos§a?le to measure., :
Wy

either dose or gold concentration in this case so the exact

' - >
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points cannot be plotted. However, theory does not dictate
that the "x! intercept be zero; it may be greater than zero,
as appears with our data, if gold does not immediately go

into the skin. Perhaps saturation of other sites in. 153

"body isineeded before gold appears in the skin, s .
be a threshold level above whigh detectable Aevel

are seen . in the skin. In 'fact the confidence interval

"

‘includes the point (0, O).: Altefnately,‘ calculation of
4

excretion via thq skln con51der1ng this would use skln gold

levels correspondlng to a-doSe of ({otal dose at time of
v .

& .

biopsy =~ + 600)/2 Mhlch is 20° mcg/g }far'lpatienty 51.

Excretion of gdld v1a the skln would only occur durlfé tﬁé'

Y

" time from which the patlent had received greater than 600 mg

of gold Thus excretlonﬁgla thg skln for patlent SI'Vould
. ‘ . .» y
be (63 months X '30d/menth x 20mcg/g n 10 g/4) = 378 mg - or

1 T

15 2% of the total dose this patient. has tecelved :Table”68
G

xlq

shows 51m11ar calculatlong

M

W8

5



-

"of skin ‘excretion of gold consideripg that at least 600 mg

of gb_Ifd ‘is necessary before significant gold accumulad#es in

the skin.w . B ' ' IS ¢
W
ey
P
3 -.' ’

TABLE 68 PREDICTED TOTAL EXCRETION OF GOLD VIA THE SKIN .
ASSUMING LINEAR'BUILD UP OF GOLD IN THE SKIN AFTER A TOTAL
DJSE OF 600 MG OF. GOLD

Patie’nt’ D+6001 Predicted? Time Since3 _Excretion* % qf s*
C 2

L Skin-Gold -TD=600 mg ‘via Skin: LT e
- -.omg . mcg/g o . myg. ' h
o - ;' . Y. e )
5.)_ 1546."25 20 ) 63 months 378 15.2
W 33)1550 ’ 20 «;‘ 4.5 years 324 K. %
33 % 3137.5% . 53 104 months 1654 2
26 1283..5 e Py ¥ 54 months.. 227 AR ’
12 .. 1185 « . 12 - 33 months 119 6,7
31 784.25 ' 5 . ® 18 months 27 2.8
23 980 8 29 ndhths 70 5.1
21 771. 5% 5 15. man'ths 23" 2.4
- “ S . . h_l )
‘1 (Total dose from Table 6% + '600)/2. ‘
2 ‘ Aver&jerskln gpld level predlcted' from Flgure 13 Vusin'g-
(g? i,boo)/z. i e K . i
3, Tine elapsed since patlent 'recelved 600 mg total dosg of.
gold.
P ‘ .
;. Averac_{e predlcted g kin gold x -time smce D ‘was 600 x 10,.-/ :
g/da. . . . . , ,
e N Y ‘
v Predlcted exc’retion / TD fgom Tagle 65 exppressed as %.
T, TS , ‘ L 5 JEa
-
R

This 600 .mg threshold flgure may explaln why prgw.ous

1n¢ﬁstlgatots have found lower or" 1n51gn1flcant gold in-

"".s~‘~.:"skx_1n. " In. the studles Dy Gottlleb (1972a) "and B gg (1958)
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similarly high levels of gold in skin were demonstrated in

patient who had féceived high totalldoses of gold. 1If the

hypothesis that excretion of gold can occur via the skin,‘&s

correct excretion of gold in the skin would be fairly

significant 1in all patients when compared to current dose . -

rate and in the chrysiasis patients - would 'be very large.
Studie§//or gold excretion have indicated ‘that excretion via

urine and feces is insufficient to prevent a considerable

accumulation of gold in the bedy. Excretion via other
routes such as saisxjéis not significant. Excretion via- or
o

inte the skin may represent another important excretory

route for gold.

This is an interesting hypothesis but its validity

d€pends on uniform distribution of gold throughout the

~layers of the skin, so .that the gold levels in whole skin

biopsies reflgct accurately the 1levels of gold in the
epidérmis, fhe:‘part o® skin ihich' losses cells by
desquamation.\ Evidence fronm the literature, quoted earlier,
showed by light microscopy that gold is present in both the
dermis and the epidermi;.‘ Electron microscopy of skin
tissues from papients in our own study, revealed no
aggregates of gold in the skin section edamined. From this,
it can be inferred that gold is unifo{mly dispersed 1in the

skin, probably as atoms or molecules, but not as cdlloidél

aggregates. Other studies which would be ©possible to
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confirm the uniformity of gold distribution throughout the
layers of the skin would be :cutting thick sections (30
microns) throﬁgh the layers bf the skin-and assaying the
gold content of these sections by flameles; AAS. This
method of, analysis 1is sgfficiently sensitive to determine
gold in this size of sample provided that the concentration
is relatively unitorm. Also with the small size of samples;
smoking\during the atomize phase of the analysis would not
likely be a problem. The epidefmis, vhich is 60-800 microns
thick (Lewis, 1967), would give 2 to 3 sections, while the
dermis, which is 540-5200 microns thick (Allen, 1967; Lewis,
-1967), would §ield several sections. Kinetic studies of the .
rate of appearance of goid in the skin, b%, seriai biopsies
‘at one month_  interval:s, would also be useful. Smaller
biopsies than those used in the current stydy could be used
because of 'the sensitivity ~of the flameless @Aé hethod.
These smaller -biopsies would make the 'procedure more
acceptable to patients. Unfortunately fingernail and hair
gold levels were not/similar to skin gold 1levels nor were
they correlated witﬁ skin gold levels, so these tissheé
could not be used as substitute biopsy specimens 1in thi§
type of study. Chrfsiasis is a rare condition, therefore
accumulation of a larye amount of data on- ‘gold Levels in
these patiénts is difficult. Perhaps because of the current
practice of maintaining gold thérapy indefinitely in

patients who respond successfully to gold, more cases of



277

chrysiasis will rppear "u the future.

The relationship between gold dose rate and skin gold
level in non-chrysiasis patienis was strong while ‘the
relatfonship between skin gold‘levei and total dose was much
weaker. The chtysiasis patients have sigrificantly higher
gold‘levels in skin than would be.predict?d from their gold
dose’rate. This suggests that these ;atients preferentiél}y
accumulate gold in the skin when compared to non~-chrysiasis.
_patients. The fact thaﬁ plasma gold ‘ievels are lower tham
predicted from the total dose for chrysiasis patients alsb
supportsrthe suggestion +hat in chrysiasis 'fatients more
gold goes to the skin than to the rest of the body:; however
the extrapolation of gold wversus total dose reduces the
value of this correlation. Both patients W and %1 in the
chrysiasis group had been off gold for considerably longer
than the patients 1in the non-chrysiasis gfoup. Thus the
lower plasma gold 1levels would be expected for these
patients because iore time for the elimination of gold from
tKe body was available. Patient 33 who had had a lapse of 5
weeks since the last gold injection had a plasma gold level
intermediate between plasma gold levels for patients in non-

chrysiasis gtoup vho had had a four to five week lapse since

the last gcld injection.

The patients from whou il and hair clippings were

obtained had all been receiving gold therapy for at least 38
Q
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months. The rate of growth of findérnail was reported at
0.105 mm/day and the average longth of time for a nail to
grow from the cuticle to-the free end of the nail was 4.6

months (Bean, 1963). The rate of .growth of normal adult

scalp hair is 7. 1-13.0 Zz/wounilh (Kopito, 1967) . The 1long

duration of gold therapy compared to the rate for nail and

hair growth is sufficient time ‘tor gold to appear in these

tissues. The 1level aof gold in hair and nails of, some gold

treated patients (Table 65) were 'quite similar to gold

<

levels detected in some individuals not treated with gold
(Table B). Kanabrocki (1968) reported sjimilar levels of
gold 1in fingernails of non-gold treated individuals as wvere

found in this study. These levels of gold may result fron

environmental contamination with gold rather than ™ from

depositon of gold fron within the body. Bate (1966)

reported that externally applied gold adsorbs strongly to
hair and is difficult to remove. Whether gold in hair and

nails 1is externally deposited or deposited from within the

body, these tlssues do not seem to be a significant storage

[N

site for gold.

Patient W had been receiving penicillamine therapy for

arthritis for a } ely 6 months prior to skin biopsy.

Penicillamine administratMn is known to increase urinary

-

and fecal excretion of gold and also to increase. plashma gold

-

-levels llkely by moblllzatlgp of gold from “sites of
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deposition.in tissues. Patient‘ﬂ.had a4 plasma gold level of
0.603 mcg/ml which seems high for a patient off gold for 6
months when compared to dose rate data frpm the large - group
of patients in the gold cortisol study. This may be due to
mobilization of tissue gold. Skin gold for this patient was
however highér than in patieng 51 who had received a similar
total dose of gold, so it does not appear that gold has been
mobilized trom the ékip by. penicillamine in patient W.
Exclusion of ©patient W did not alter.the intrepretation of
the relationshié of- skin go and pl;sma gold with dose so

Al

patient W did not bias the results.

In Schmidt's 1941 review of chrysiasis, attention was
drawn to a possible predisposing effect of antecedent
dermatitis to the de;elopment of chrysiasis. In the present
study 3 chrysiasis patients had previous dermatitis, 1 did
not, while 1 non-chrysiasis patient had previous dermatitis
while 4 did not. A turther case (27), from whom no biovpsy
was obtained also had previous dermatitis. This case has
been included with the chrysiasis group. This number of
patients is too small to assess whether previous dermatitis
is associated with chrysiasis.

”~ ‘ .
A In the study reported here, all patient with chrysiasis
were females, a fact which had been noted by Schmidt (1941).

He poihted out that this may be due to cosmetic
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considerations since women are more likely to note skin

coloration changes than are men.

All. chrysiasis patients in this study had received a
higher total dose of gold than 1260 mg and none of the non-
chrysiasis patients'hah received more than 3880 mg of gold.
These figure of tétal dose.are those suggestéd by Schmidt
(1941) as the doses below which chrysiasis never occurs, and

above which chrysiasis always occurs, respectively.
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Summary and Conclusions

1. Flame atomic absorption analysis of gold indicates that

chemical ‘form of gold does not afféct atomic absorption

response.

2. A method for flameless atomic absorption analysis of

gold in tissueé has been described which requires “prior

digesfiion of material with nitric acid, dilution and
’

analy is'ot an aliquot of the 'sample. Sensitivity of 16 pg

vas achieved with a precision of 0.06 mcg/g (standard

deviation) at the lower limit of sens%}ivity. '

3. Several drugs have been shown not to interfere in CPB

assay of cortisol.

4. Programs have been writfem for the resolution, by a

small computer (8K memory),rbfnﬁco 3ﬁhpqggntifbinding data.

Examination  of tesz éata réveals that although the

mathematical method of resﬁlviném binding data is

theoretically correct it loses 1its advantage over the

approximate limit method because the former method is very
(:':J +

sensitive to - errors 1in data fuh{ch»inevitably occur wWith
-

' experimental data. |

5. Studies with patient; ind&cate th%} gold therapy does

not effect the 1level of cortisol circulating in the blood

nor does gold affect cortiso} binqing to: transcortin.

6. Female patients were found t§-haveafhigher plasma gold

levels than male patients at e&uivalént gold dose rates.

&g
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7. Patients who ekperiencéd side éffects to gold therapy
did not have different'plaéma gold levels from patients free
of side effects at equivalent gold dose ;ates; howeyer
plasma levels of cortisol were reduced in those patiénts who
had experieénced ' side effects relative to batients free of
side effects.

8. Studies with gold patients receiving large total doses
of gold suggest‘that patients who develop chrysiasis have a
preferenti;l tendency to accumulate ‘gola in the skin
compared to patients who do not devélbp chrysiasis. |

9. Skin gold 1levels are higher compared to plasma gold
1eVe1§ in all patients receiving mo}e thah 950 mg of gold.
it is suggested that excretion of gold via sloughing of f
with the skin mag be a significant route _of excretion of
'gold and may help to prevent or reduce thé accumulation of

gold in the body. ' \'
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ECI)=T*B(I)/D;3;S U=T=-B(1);S BUCIY=R(I) /U
'28.03,U,B(1) X

'BUCT) LBCI) 5 X
BCI)=D=C(D-BC1)Y*2) /D) |

(K-BUCI)=-1)6.02;F J=1;K-PU(I)§1 peeen .
’

JU=1L,ECI)T » v
URT"3S K=BUCI)
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PROGRAM foR TRANSIORMAT 10N 0f PROTEIN BINDING DATA
- FQUTLTIBRIUM DIALYSIS

*C-FOCAL,€9CF

*

*0l1.01 F .
*01.04 A 1t "N, N
*01.05 A 1 * 5 ACT ClIsvm",5a58 SA=SA*.222F#13/-36?F*9
*01.07 A 1*CBG ",ViS v=Vrs100

*O01.09 A !"ENDO F UGZ",uC;s HC=HC*V/s. |
*O01.11 T !"DFM/HALF ML CBG":F I1=1,N;A D3 5§ Sn=5p+r

*01.13 S [=SD/N;A 1"UOL INNFR SOLN =Q0UTFF SOLN'', yr

*01.15 A 1""NUMBEK OF DATA* ,m

*01.17 T t17p NG/ML DPM EKOTFIN DPM NUTSI pF

*01.19 F I=1,m;p 555 Sk=03s s0=p

*01.21 T 1o U B (NG/ML INNFh SOLN)

*01.23 F I=1,m:x;5D 3

*Ol.24 T v "

*01.25 F I=1,M;X;D 4

#01l.206 T i "

*01.36 A 1 “scaLk FACTOk Y'',y, xv,x

*01.40 F I=1,M;5 BU(!)=FITH(BU(I)*Y+.5);S BCI)=FITE(B(I)*X4+.5)
«0l.42 8§ 1=1;7 'L 45D 6.055D s.06

*01.43 F I=2,m;p e

*01.45 | (BUCMI~1>1,.50;F JRI1L,BPUCMIST 100an

*01.50 T #3F Jus=1,60;T on

*0).64

-

*02.01 A 'ACI);F J=1,N3A ks 8 SP=Sk+p
F

*02.02 ~J=1LsN3A 058 50=50+0
*02.05 § BCIY=SP/N; s UcIy=80sn

N .

*03.01 s T=(HC#2*D/SA)*VI+A(I)*VI

*03.02 § U=T*U(I)/(B(})*U(f))}5 E(I)=T*P(I)/(F(I)+U(I))
*03.03 § BCId=R(1>-U; % P(I)=P(I)/VI;S BUCIY=R(1)y sy
*03.04 T 1,2 {‘..Of);le(l):X

* .

*Q4.02 T YRUCIY S BC(D)y ;X

*

*0he01 1 (K*BU(I)-])G.O?:F J=lL,K-RUCTIY; T Prevee
*06.02 T o

*06.05 F JIZLL,BCIY ;T o on

*0€.06 T XS K=pUC(])

* %
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PROGRAM FOR CALCULATION OF
FLAME ATOMIC’ABSORPTJON STANDARD CURVE-«
- ANV CORREGTION FOR DILUTION OF SAMPLES

C-FNraL, 69CF

ry,re
fle 7
2le ™
fle €
Cl.om
f1.00
rleme

o, rn
201 e
ro,OP
ro. 00

~”3.1¢%

L, 18
CL.on
Fg. 28
ru, 30
P L. 28
Fl&e ar
*

P .

A R L ! .
FOT L=, 05 AT UG /MLY, Y (1) ESET C=CeM(1)5 SET CaleX(lyr
Fl=1,0;n 1v TOARSULVCINGE E=E+Y(I1)SL 3. ¢

CET. A=(G-CxE/I)/(E~Ct o/ 7)Y

CFT B=(E-AxC) /]
TYDE AT TARS v 04, 0, UG/ML w (PER. L4, L, ) e

3

14D

‘n

"FOLLQC' CCOLOY ""I7W TY) LETTTET [T core -

'IL, "7 ALS,V S 7=(Y-Dy/A

YU MLTT L RL, 75 VOL LLCOLC™, Vi T ' Ccore coic;
RO LY/ (V-PL Y)Y CO0T0 2. 10

C=C+Y(II*V (1) & H=YaeV(I)r e

J=C-Cto/4; € 4=u-F12/]
Vs (LA OxI) /(Y- D)

VE='/r5 T 1S OOF SLOTE', FSAT(VL)

VEICKLAAD; & UV (VY /AT 2 % (o S+ 1 /U4 (Y=E/ )T 2741 Snd)
'USDOOF VUL FSAT(UY) :

PUVHERE V=10 UC/MLOAIL TUPLICATE ESTIMATES ArL MALE
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PROGRAM FOR CALCULATION OF OPTIMUM IRRADIATION AND

DECAY TIM!S FOR NEUTRON ACTIVATION ANALVSIS

C-FOCAL,E9CF

INCLEMENTY DR, *un 1)) G

V=V(I)*(l-FFXP(-.693lN7’TP/S(1)))iGO'FFXP(--693lb7*TT/5(I))

01.01 ¥ .
O1.10 £ 1"NO OF NUCLIDFS'N, 1"MIN TRUTR,
OLe20 A 1UMIN TLMTD,' INCKFMENTUDD, "HOURFS™; 5§ N=v- ]
01430 F I=0,N3A 1,5C1),%C1),>»
01.40 5 TR=TE-DE
D1.50 S TR=TR+IR
05.10 $ TI=TpP-TD
05.20 'S TT=TT+DD; S SC=0
05.30 F I=1,N;D 7.1;5-5C=SC+V
05+40 5 1=05C 7.1;5 hC=\V/FSCT(SC)
05+50 I (REC-ED)5.6;S FEP=hCiR 5.9
05:60 S TT=T1-DL;S SC=0:T 5+3;0 $.4;5 ER=RC;S Fp=0
06+10 1 (KB-KM)F.P5S rM=kE;G 1.5
06.20 $ 1B=TR-CE;D 5
0Ff.30 T M1vnvpX CONDITIONS" 1" TR S4, TR, '"'TD", TT;
06.40 T 1"MAX RATIO"9,FE, t"pl Crvd2,usC
07.10 §
*
o .

NO OF NUCLIDFS:17
MI N TF:29OV”1NCEFVFNT:? HOUE &
MIN TD21S50 INCFFMENMT:2 HOUKS

: CPM FROM
HALF LIFE .24 HOUR
HOURS TRRADIATION 1SOTOPE

Q+ELEOO0F+02 :0.207501F+03::019KA1
$0.265000F+02 :04174PP2F+40fz::0076pS
:0.359000F+02 :0,203393F+07::00¢PR}
10.540000F+02 :0.572797F+02::0115CC
10+315000F+01 :0,750000F+00::1347CS
$0.4F61650F+05 10.92f140F+03::0060CH
:0.128000F+07% :0.200302F+0€::0064CU
$0.10BZ00F+04 :0.11264FF+0hA2 2591 KON
:0.5KKD00F+04 :0.530€56F+05: :0CE5ZN

:0.13HOOOF+O?.=O.183777E#05::069N4N .

:0.25K000F+01 (0 U4RAECATF+05': :ONSEMN
:0.6700C00F+0? :0.234425F+03::0099%0
:0.256000F+01 0. 182333F+02::00£5N]
:0. 1240COF+02 :0.216932F+07: :00040K
20 14BEQ0F+03 P0R24612F+04: t QCKERE
t0.607200%+04 10.539126F+06:2110MpAC
:0.150000F+0? $0.2007&5F+09::0024N0

N

MAX. CONLITIONS

TB= . 294

TD= 1K#&

MaY REATIO= 0.576537F+00
AU CkM= @.1F2923%+04%
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\

DATA IN CODED FORM

Explanation of coding:
- Reading from left to right the data appears in the following
order. -’ ‘ :
1. Patient description: code number, sex, age, diagnosis,
weight in kg, height .in cnm, complicatiang illness. '
Diagnosis code:
RA rheumatoid arthritis
PA psoriatic arthritis
OA osteoarthritis
D dermatomyositis
If blank no disease.
Complicating illness code: E endocrine disease _
' O non-endocrine diseasg

2. Sampling data: week of study, plasma cortisol level
mcg%, plasma gold level mcg/ml. If there is more than one
sample for a given patient:the first line gives_the average
plasma cortisol level for all samples for gat patient.
Subsequent lines give data for individual weeks. nd= no
detectable plasma gold level.

3. Gold dose information: gold dose rate ng/wk, total gold
dose mg, dosage schedule ,mg per weeks elapsed since dose
given. All doses are expressed in mg of elemental gold.
Dose represents gold given prior to sample collection.”

4. side effects to gold: 1=skin reaction

: 2=mucosal reaction
3=hematological reaction
4=proteinuria- '
5=chrysiasis '
b=reaction occurred prior to study
period .
a=reaction occurred after study period
d=reaction occurred during study period.

Actual time whe the reaction occurred is given with

data. : .

5. Drug therapy G=gold, S=salicylate, A=indomethacin,
B=propoxyphene, C=codeine, D=prednisone, E=intra-
articular steroids, F=phenobarbital, H=estrogen,
I=amethopterin, J=chlorpheniramine, K=glutethimide,
L=chlordiazepoxide, M=diazepam, N=amitriptyline,
O=caffeine, P=primidone, Q=ferrous sulfate, .
R=laxatives, T=orphenadrine, U=ACTH,. V=vitamin-mineral
supplements, W=thyroid, X=propantheline Mronmide, )
beetamethasone, Z=tetracycline,#=estrogen/progesterone
oral contraceptives, s=penicillamine.

‘ .

2
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Drugs appearing on the first line of the patient'é data were
"given throughout the study \period. Drugs on subsequent
lines were prescribed at the time indicated for that 1%ne of
data.

Group I Gold

2M63RA58 165 28.6 1a GSBK
: - T 39.4 4.32 25.00 342.5 25.0/1
2 23.0 3.94 25.00 367.5 25.0/1
3 32.7 4.54 25.00 392.5 25.0/1
4 .3 5.80 25.00 417.5 25.0/1
5)37.9 6.22 25.00 442.5 25.0/1
29:6 6.03 25.00 .467.5 25.0/1

A
3F52RA EO 17.7 , 4b GS
< 1 20.2 nd 12.50 645.0 25.0/2
5 ) PF
9 12.0 nd 6.25 695.0 25.0/4 PFBOR
14 23.0 0.36 ~ 5.00 720.0 25.0/5 PF30OR
18 13.6 nd 6.25¢ 745.0 25.0/4 PFBOR
22 23.4 0.50 6.25 770.0 25.0/4 PFBOR
83 2.02 6.25 1770.0 25.0/4
UF66RA o 18.3 : — GS
C 1 15.5 nd 5.00 5.0 5.0
21.1 0.64 12.50 17.5 12.5/1. -

5F15RA

' : 12d 65~ .5
2.50 12.50 380.0 25.0/2 o :
3.92 25.00 455.0 25.0/1 , o
4.08 25.00 480.0 25.0/1 ‘
6.50 25.00 505.0 25.0/1 12 ° v
3.66 12.50 505.0 25.0/2
0.98 5.00 505.0 25.0/5
2.54 12.50 605.0 25.0/2
1.88 6.25 655.0 25.0/4

-t b -
EUVaQ NaadhOow
. . 8 . [} . [}
FONNE200N

N = -
wWw~NO~oauve 2
-

-

TPU6RA63 174 2d  6s

N

o

1 ]
- O

1 20.1 1.44 6.25 280.0 12.5/2
3 DN
5 21.3 1.18 6.25 '305.0 12.5/2

7 17.2 2.10 6.25 317.5 12.5/2

9 19.8 1.87 6.25 330.0 12.5/2

17 18.8 1.18 6.25 367.5 12.5/2 E
19 23.3 1.01 6.25 380.0 12.5/2 2

20 19.6 1.30 4.17 3B0.0 12.5/3



9F5S2RA

T1FS1RA

12F53RA

‘13F34RA60 171

15M42RA66 180

H

16M18PALS 166

18F50RA

19M20RA

22

EO

-
OO E -

b

£ W -

14
18

FFwuoNWENMNODWV O

OCE VWO O®NNW -
L]

1.90

3. 14
4,07
3.97

1.13
3.66
4.65
6% 25
5.80
5.36
5.17
5.88
5.31
3.67
4.68
5.50
5.84
7.11

nd

. 2.91

16.7
26.0
10.6

13.9
27.7
14,7,
11.2

20.8
17.5
24.9
21.4
22.8

15.8

0.77
nd

0.48
0.65
0.55

nd
1.18

nd
nd
1.19

1.85
0.66
0.35
0.85

3.92

6.25

25.00
25.00
25.00

12050
25.00
25.00
25

25

25700
25.00
25.00
25.00
12.50
25.00
25.00
25.00
25.00

6.25
17.50

4.17
4.17
3.12
3.12

6.25

5.00
12.50

5.00
6.25
12.50

6.25
6.25
5.00
6.25

25.00

3 :
367.5
392.5
442.5
467.5
517.5

1592.5
1967.5

597.5
610.0
622.5
635.0
660.0

- 5.0M

12.5/2

: 2a
25.0/1
25.0/1
25.0/1

25.0/1
25.0/1.
25.0/1
25.0/1
25.0/1
25.0/1
25.0/1
25.0/1
25.0/1
25.0/2
25.0/1
25.0/1
25.0/1
25.0/1

14b
25.0/4
25.0/1.4

4p
12.5/3
12.5/3
12.5/4
12.5/4
25.0/4

5.0/1
12.5/1
.1a
12.5/2
12.5/1

25.0/4
25.054
25.0/5
25.0/4

25.0/1 12a .
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20M59RA 0

_- ot

21M64RA

WO -

(oYY

22F50RAS50 154

NEOIVa

N =

23M39RA

10
14
18
22

SNMOOA -

105

27F55RA

28F39RA _ 0

29F30RA66 165/

nd
nd
0.88
nd

1.93°

0.34
nd
nd
0.51

0.70

0.85
1.18
2.08

nd
0.78
nd
0.95
0.52
nd
2.39

- nd

0. 0.49

17.4
15.0
18.8
19.3
22.6
17.9
10.1
18.0

29.0
25.7
36.1
26.6
36.0

28.0

1.67
2.75
2.09
1.87
2.17
3.87
2.48

2.23
1.50
2.59
1.88

1470.0
1495.0
1520.0
1545.0
1570.0

592.5
617.5
642.5
667.5
942.5

382.5
407.5
420.0

457.5
457.5

735.0
760.0
785.0
810.0
835.0
860.0
1360. 0

865.0
940.0

 400.0

475.0

-500.0

525.90
575.0
625.0
650.0

425.0
500.0
525.0
550.0

6b0.0

25.0/4
25.0/4
25.0/4
25.0/4
25.0/4

25.0/U -
25.0/4
25.0/4
25.0/4
25.0/5

12.5/2

12.5/72 -

12.5/2

12.5/2
12.5/10

25.0/4
25.0/5
25.0/L
25.0/4
25.0/4
25.0/4
25.0/5

12.5/1
12.5/4

25.0/2
25.0/2
25.0/2
25.0/2
25.0/2
25.0/1
25.0/2

25.0/5
25.0/2
25.0/2
25.0/2

25.0/2

W

1bd

1

3b

1b5

=<2~ B> I
wi

GS

GS

GS

GS

GS

MN
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30F6 1RA

31852RA 0

32F50RA

33F38RA

34F6URA

36F45RA

37F55RA 0

38F65RA48 152 0

16
18
20
22

-—
NN O -

101

13
17
21
69

10
13
17
21

Ut

31.4 1.87
34.1 1.50
32.0 2.61

24,3 1.90

24,2 nd

12.7 0.78
6.6 0.98
13.7 nd

15.0 0.77
8.7 1.19

0.67
32.9 0.61

18.7

17.9 0.58

20.1 1.09

26.2 0.37

25.2.nd
- 0.92

25.0

29.4 1,45

22.6 2.13
26.3 2.12
16.6 2.01
27.6 1.01
33.6 2.24

17.7
12.4 nd
19.5 0.61
25.1 1.04
19.4 0,46
8.8 nd
26.1 nd
14.4 0.54

15.6
4.1 0.71
21.6 0.64

14.5
10.8 nd
27.9 nd

12.50
12.50
12.50
12.50

1.47

6.25
6.25
6.25
6.25
6.25

5.00

25.00

6.25
6.25
6.25
6.25
5.00

25.00
12.50
12.50
12.50
6.25
8. 33

1 6.25
4.17
4.17
4.17
417
3.12
3.12

6.25

3.57
6.25

625.0
650.0
675.0
700.0

512.5‘

587.5
612.5
637.5
662.5
687.5

962.5
700.0
5275.0
5350.0

5375.0
5400.0

.5675.0

500.0
525.0
550.0
575.0
650.0
675.0

\
AN

252.5
265.0
277.5
290.0
302.5
315.0
327.5

1225.0
1250.0
1275.0

615.0
616.0

25.0/2 ‘
25.0/2
25.0/2
25.0/2

25.0/17 1b

14
25.0/4 1
25.0/4
25.0/4
25.0/4
25.0/4

25.0/5

25.0/1

25.0/4
25.0/4
25.0 /4
25.0/4
25.0/5

25.0/1
25.0/2
25.0/2
25.0/2
25.0/4
25.0/3

GS

GS

GS

GS

1b GS .

12.5/2
12.5/3
12.5/3
12.5/3
12.5/3
12.5/4
12.5/4

25.0/4
25.0/7
25.0/4

4b1d
25.0771
25.0/72

1

GS

GS
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39M63RA68 174 O

. WOF43RA

. 41F63RAUT 152 ©

o

42F50RA

43FL48RA

44M59RA 0

45F46RA

4U6F44RA 0

13
14
15
16
17

18 °

20
22

O U -

13 .

17
21

10
16

13
17

14
18

DNV E

10.6

12.8
19.4
8.7

17.0
10.8
23.8

29.4

18.3
12.7
12.3
18.8

14,7

24.0
18.7

.nd

nd
0.57

1.07
1.75
1.98
2.61
2.24

nd

0.86
0.82
0.68
1.18
0.89

nd

nd

1«31
0.97
0.67

2.34
2.28
3.72
4.56
5.80
4.60

0.32
5.00
12.50

6.25

12.50

12.50 .
12.50°
6.25

6.25
6.25
6.25
6.25
6.25
6.25

5.00
5.00

6.25
6.25

4.17

25.00

12.50

25.00
25.00
25.00
25.00

615.0
620.0
632.5

645.0
657.5
670.0
695.0
707.5

1130.0
1155.0
1180.0
1205.0
1230.0
1255.0

5.0

4550.0
4600.0
4625.0
4650.0

707.5

782.5
807.5

855.0-
880.0
930.0
955.0

5.0
42.5

5.0

1290.0
340.0
365.0
390.0
415.0
440.0

25.0/76
5.0/1
12.5/1

12.5/2

12.5/1.

12.5/1
12.5/1
12.5/2

25.0/4
25.0/4

1b Gs

25.0/4

25.0/4
25.0/4
25.0/4

5,0/1

25.0/5
25.0/4
25.0/4
25.0/6

25.0/2
25.0/4

25.0/4

25.0/4
25.0/5
25.0.4

25.0/4

5.0/1
25.0/1

5.0/1

25.0/1
25.0/2
25.0/1
25.0/1
25.01
25.0/1

E

-GS

14b

1b2a

12b

1a

b

GS

GS

GS

GS

GS
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4TF58RA

48F 6RA

e

49FUURAS5 163E0

50M4 6RA

51F72RA60 156 0

. 52M38RA86 178 ©

10
18
21

=y
NOdOE -

13
14
16
17
18
20
21
22
23

O N =

13
17
21
69

20.2
22.7
24.7
17.5

7.2
¥ 6
19{6
18.8
10.0
24.6

8.8
34.0
16.5
13.6
12.6
13.8
23.2.
21.7
14.6

~ @
[N
o &

16.0
20.8
16.5
10.6

33.6

30.2
20.8
46.3
31.5
25.4
35.0
26.6

" 17.0

NOOUVMEWN -

18.7
10.4
13.5

“11.8

10.1
7.5
53.8

nd

4.54
5.73
1.75
1.62

25.00
25.00
8.33
8.33

1.27
3.36
5.05

25.00
25.00
25.00
25.00
3.78 25.00
2.32
4.17
2.26
2.80
3.49
2.35
3.32
1.91
1.54

8.33
25.00
12.50
25.00
25.00
12.50
12.50
12.50

6.25

0.46 "
1.75
1.19

6.25
6.25

6.25

6.25
6.25
6.25
6.25
6.25
6.25
2.27

nd

0.54
0.46
0.u7
0.64
0.55
0.83

nd '5.00

0,7¢,12.50°

1.80 25.00
2.34 25,00
2.62 25.00

3.10 25.00
3.30 25.00

2.78

"465.0
490.0
565.0
590.0

67.5
142.5
182.5
217.5
267.5

317.5
342.5
367.5
392.5
417.5
442,5
4565.0
467,.5
467.5

27.2

117.5

75.0
100.0
125.0

1125.0

1192.5
2217.5
2242.5
2267.5
2292.5

25.0/1
25.0/1
25.0/3
25.0/3

244
25.0/1
25.0/1
25.0/1
25.0/1
25.0/1

.24
25.0/3"
25.0/1
25.0/2 24
25.0/1
25.0/1
25.0/2 24
12.5/1
12.5/1 24
12.5/2

14
5.0/1
1
5.0/2

: 1d
25.0/9
25.0/4
25.0/4 1

25.0/4 14p

1b5
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