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TRANSPORT OF GOLD IN THE BODY
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Gold compounds continue to be used in rheuma-
toid arthritis and there is good evidence to indicate
that they make an effective contribution to therapy
(Empire Rheumatism Council, 1960, 1961). Some
data are available on the order of concentration of
gold in the blood both in human subjects under
treatment and in experimental animals after adminis-
tration of various preparations of gold (Lawrence,
1961; Lorber, Cohen, Chang and Anderson, 1968).
However, there is little information on how gold is
carried by the blood. According to Simon (1954),
gold in plasma after administration of colloidal
Au198 is combined with , and a2 globulin fractions.
Lawrence (1961) quoted Clemmeser as having found
gold (material administered not specified) to be
combined particularly with a, globulin, but Law-
rence's own observations suggested that a substan-
tial fraction might be bound to fibrinogen. Coke
(1963) found binding to several serum protein frac-
tions by aurothiomalate but particular affinity for
,-lipoprotein and 7S-y globulin. The degree of
binding by plasma proteins is obviously high, and
Libenson (1945) considered that there was no gold
free in the plasma. Lawrence (1961) likewise found
no measurable loss of gold on dialysis of serum from
patients on treatment with sodium aurothiomalate.
As he himself remarked, however, the enhancement
of urinary excretion that follows immediately upon
administration of gold salts (Freyberg, Block, and
Levey 1941; Lawrence, 1961; Sliwinski, Zvaifler,
and Rubin, 1966) suggests that, in the period immed-
iately after injection, an appreciable fraction of the
drug may be in a diffusible form.

The following experiments have been performed
in rabbits using Au'98-labelled sodium aurothio-
malate ("Myocrisin") in an attempt to assess more
accurately the carriage and distribution of this
material in the body.

Methods
The animals used were sandy lop-eared rabbits aged

approximately 12 months, and weighing between 3*5
and 4-0 kg. Two were pre-treated with sodium auro-
thiomalate ("Myocrisin") 4 mg. (2 mg. Au)/kg. initially,
then 2 mg. (1 mg. Au)/kg. weekly for 6 doses, the last
one week before radioactive gold. Two rabbits received
no preliminary treatment. Au'98-containing sodium
aurothiomalate was obtained from the Radiochemical
Centre, Amersham, having an activity of 1-95pc./ml.
at the time of despatch and a gold content of 0-16 mg./
ml. Au198 has a half-life of 2-7 days which effectively
limited the duration of these experiments to a period of
1 week. Each rabbit was given 1 ml. of the radioactive
material. One of the pre-treated and one ofthe untreated
rabbits were given 2 mg./kg. non-radioactive sodium
aurothiomalate (1 mg./kg. Au) and the others 10 mg./kg.
(5 mg./kg. Au). The radioactive and non-radioactive
materials were mixed and injected deeply into the thigh
muscles on the right side.

Three hours after administration of the isotope, blood
was collected from an ear vein and the radioactivity
estimated using a scintillation gamma counter (Nuclear
Enterprises Ltd., Edinburgh). Estimations were made
on whole blood, plasma, and serum. The haematocrit
and serum proteins were also estimated. Further blood
samples were taken at 24 hours and 6 days after the initial
injections. Total gold was estimated in serum by atomic
absorption spectrophotometry.
Serum collected from each rabbit at 3 hours and at

6 days was fractioned by passage through columns of
Sephadex G200 using Sorens0n's pH 7 - 4 phosphate
buffer made up with 0 9 per cent. saline as eluent.
Radioactivity of the 2 or 3 ml. fractions was estimated in
the gamma counter and their protein content by the
Folin-Lowry method using an Autoanalyzer. Samples
from fractions showing the highest radioactivity were
subjected to immunoelectrophoresis on agar at pH 8 6
using an anti-rabbit-serum antiserum prepared in the
donkey and compared with precipitin lines developed
against whole rabbit serum. The specimens were also
subjected to autoradiography. Additionally paper elec-
trophoresis was performed (at pH 8 * 6) and radioactivity
estimated in the principal fractions.
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An attempt was made to estimate the degree of binding
of the gold to the serum proteins using ultrafiltration
through Visking dialysis tubing. This was only partially
successful, as will be described, because of the very
strong affinity which the membrane itself proved to have
for the gold compound. Partial saturation of the bind-
ing capacity of the membrane could be achieved by soak-
ing it in a solution of sodium aurothiomalate 2- 5 mg./ml.
for 24 hours beforehand. Ultrafiltration of rabbit sera
and of solutions of sodium aurothiomalate with added
radioactive gold was performed using positive pressure
at 5 lb/sq. in. with 95 per cent. 02, 5 per cent. CO2 at
room temperature.

Urine was collected over the first 48 hours after injec-
tion of the Au198, during which time the rabbits were kept
in metabolism cages. Gold content and radioactivity
were estimated, also the amount of protein in the urine.

Seven days after injection of the gold the rabbits were
killed and the radioactivity estimated in weighed samples
of a number of organs.

Results
Radioactivity of the various specimens examined

is in all cases expressed as the equivalent at time of
injection of the Au198 ("zero time"). The results
of the estimations on the blood are shown in Table
I. The level of total gold was very high in samples
taken at 3 and at 24 hours. Blood levels were
related to the total dose of gold given at the same time
as the isotope but did not appear related to whether
or not the animals were pre-treated. The degree
of radioactivity in the blood samples, however, was
lower in the rabbits receiving the high total gold
dosage than in those on the low dose. This differ-
ence was apparent at 3 and at 24 hours in both pre-

loaded and untreated rabbits, but was present at
6 days only in the pre-loaded pair. It appears that
the carrying capacity of the blood for gold may have
been exceeded by the high total gold dose. Pre-
treatment may have further impaired binding capa-
city in the high-dose rabbit.

Haematocrits at 3 hours were as follows:
7876, 38; 8306, 36; 8267, 38; 8162, 32.
Calculating the plasma equivalence from the

haematocrit, there could have been no significant
binding of Au198 by the red cells. The almost
precise correspondence of plasma and serum levels
likewise indicates that there can have been no
significant binding by fibrinogen.
On Sephadex fractionation radioactivity was

found to be virtually confined to the albumin peak.
The identity of this peak was established by immuno-
electrophoresis, attachment to albumin being evi-
dent both in the initial (3 hours) samples and in
those taken at 6 days. Radioactivity and protein
content of Sephadex fractions of serum from one
rabbit taken at 3 hours and at 6 days are shown
in Fig. 1 (opposite). The distribution of radio-
activity was virtually the same as this in all cases.

Autoradiograph after immunoelectrophoresis in-
dicated further the association of radioactivity with
the albumin fraction. This indicates that the only
important radioactivity was in the position of the
precipitin band for albumin (Fig. 2, overleaf). Like-
wise, on filter-paper electrophoresis, radioactivity
was principally in the albumin fraction. The pro-
portions of total reactivity and of proteins in major

TABLE I
SERUM TOTAL GOLD (sg./ml.), WHOLE BLOOD, PLASMA, AND SERUM RADIOACTIVITY (pc. EQUIVALENT AT
ZERO TIME PER ml.) IN RABBITS WITH LOW OR HIGH DOSE Au, WITH OR WITHOUT PRE-TREATMENT,

AT INTERVALS AFTER Au""$ 1-95 mc. PER RABBIT GIVEN AT ZERO TIME

Rabbits Low Dose Gold (1 mg. Au/kg.) High Dose Gold (5 mg. Au/kg.)
No. 7876 3 hrs 24 hrs 6 days No. 8267 3 hrs 24 hrs 6 days

Pre-loaded Total Au Serum 32 16 2 5 Total Au Serum 74 50 8 5

Radio- Blood 2 *24 1 59 031 Radio- Blood 138 107 019
activity activity
equivalent Plasma 3 .46 2 *24 O *46 equivalent Plasma 2 *34 1 66 0 *28
at zero at zero

Serum 3*48 2 19 0*46 Serum 2*38 1*67 028

No.8306 3h.s 24hrs 6days No.8162 3hrs 24hrs 6days

Untreated Total Au Serum 24 22 4 Total Au Serum 78 60 55

Radio- Blood 2 *24 1 85 0*28 Radio- Blood 1 62 1 47 0 31
activity activity _
equivalent Plasma 3 *44 2*71 0 *44 equivalent Plasma 2 *42 2 *06 0 *44
at zero at zero _

Serum 3*44 2*67 041 Serum 2*46 2 00 0*44
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TRANSPORT OF GOLD IN THE BODY
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Fig. 1.-Rabbit 8267. Sephadex G 200 fractionation of serum
collected at 3 hrs and 6 days.

fractions from each of the four rabbits are shown in
Table II. No correction has been made for "tailing"
of albumin.
As stated earlier, assessment of the fraction ultra-

filtered was rendered unsatisfactory by reason of the
avidity of the Visking membrane for the sodium
aurothiomalate. This avidity was shown by the
extent of absorption of non-proteinaceous solutions
during ultrafiltration. In spite of immersion of the
membrane in sodium aurothiomalate 2-5 mg./ml.
for 24 hours beforehand, removal of gold from a
phosphate buffer solution with low total gold con-
tent (O 32 jig./ml.) occurred on ultrafiltration to the
extent of 98-8 per cent. In the case of a buffer

solution with relatively high gold content (100 jug./
ml.), the extent of removal by the membrane on
ultrafiltration was 69 per cent. The results and
figures for ultrafiltration of serum from the two
rabbits receiving the higher dose of sodium auro-
thiomalate performed (in duplicate) at the same
time are shown in Table III (overleaf).

Urine collected over the first 48 hours contained
moderate amounts of gold, more in the case of the
rabbits receiving the higher total dosage of sodium
aurothiomalate. The renal clearance of gold cal-
culated from the 48-hour collection and blood levels
at 24 hours was higher in the two rabbits receiving
the higher gold dosage (Table IV, overleaf).

TABLE II
PAPER ELECTROPHORESIS OF RABBIT SERA AT pH 8 6. PROPORTION OF RADIOACTIVITY AND OF PROTEINS

IN EACH FRACTION. NO ALLOWANCE MADE FOR "TAILING" OF ALBUMIN

Rabbit No. 7876 8306 8267 8162

Percentage Radio- Protein Radio- Protein Radio- Protein Radio- Protein
activity activity activity activity

Albumin 86 39 73 33 86 40 84 36

a, globulin 10 21 15 17 10 13 11 22

a&8 globulin 3 27 11 30 3 26 5 25

V globulin 1 13 1 20 1 21 0 17
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ANNALS OF THE RHEUMATIC DISEASES

Ii..

Fig. 2 (a).-Immunoelectrophoresis of fractions from protein peaks of
Sephadex fractionation. Troughs contain anti-rabbit-serum anti-
serum prepared in the donkey. Holes contain from left to right:
first protein peak, whole serum, second protein peak, whole serum,

third (albumin) protein peak, whole serum. Anode at bottom.

Fig. 2 (b).-Autoradiography following immunoelectrophoresis.
Left hand panels: first protein peak v. whole serum,
Centre panels: second protein peak v. whole serum,
Right hand panels: third protein peak v. whole serum.
There is no demonstrable radioactivity in first or second protein peaks

but high activity in third (albumin) peak.

TABLE III TABLE IV

PROPORTION OF GOLD ULTRAFILTERED FROM URINE TOTAL Au, CLEARANCE Au, AND
RABBIT SERUM AND FROM NON-PROTEINACEOUS CLEARANCE OF RADIOACTIVITY

SOLUTIONS CONTAINING SODIUM AUROTHIOMALATE

Material Source ~Au conc. Per cent.Material | Source (tg./ml.) filtered
Rab. 8267 at 24 hrs 50 2-5

at 6 days 8 5 1.0
Serum

gab. 8162 at 24 hrs 60 09
at 6 days 5 *5 0 1

Phosphate 0 *32 1 *2
buffer 100 31

Clearance of radioactivity calculated from the
same samples served as a check on the figures for
gold and conformed well. An association with the
overloading of the serum transport capacity pre-
viously remarked on would seem likely.

Radioactivity in tissues as estimated by scintilla-
tion counting of portions of various organs obtained

Dosage Au Rabbit Urine Au CAu | CR
No. (gsg.) (mi./min.) (mi/mmi.)
7876 600 0 013 0 014

Low
8306 770 0*012 0 011

8267 2,400 0 *017 0 *017
High

8162 2,960 0-017 0-020

after killing the animals after 7 days is shown
in Table IV (opposite).

There were no obvious differences between the
different treatments.

Discussion
The present experiments appear to demonstrate

that gold given in the form of sodium aurothio-
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TRANSPORT OF GOLD IN THE BODY
TABLE V

RADIOACTIVITY IN ORGANS IN ANIMALS
KILLED ON 7TH DAY

Radioactivity (in zc./g. tissue)
Organ Rabbit Rabbit Rabbit Rabbit

7876 8306 8267 8162

Cortex 2*63 4*98 3 47 2*28
Kidney

Medulla 0 *52 0 48

Spleen 1 25 1 05 0*98 1*01

Liver 0*55 0 65 0*45 0*59

Suprarenal 0 40 0 40 0*57 0*38

Lung 0 *53 0 39 0*22 0*34

Muscle (left thigh) 0 030 0 055 0-029 0-032

Blood (6 days) 0-31 0-28 0-19 0-31

malate, at least for the period of these experiments,
is transported in the blood in association with serum

albumin. Binding to other serum protein fractions
would appear to be negligible and there was no

evidence of binding to fibrinogen or to red cells.
It is possible that gold administered in other forms
may combine with other fractions (Simon, 1954).
Freyberg and others (1941) found that thiomalate
and thiosulphate behaved in substantially the same
way, whereas dose for dose colloidal gold sulphide
gave lower blood levels. It is also possible that, at
a period beyond the duration of these experiments,
gold given in the form of thiomalate may be sub-
jected to metabolic transformation and then be
associated with serum proteins in a different way.
It would however seem likely that the period during
which it is bound to serum albumin is the most
practically important one as at this time blood levels
are at their highest.
Albumin has a high affinity and a high binding

capacity for gold given in the form of thiomalate,
although the degree of binding is not as complete
as has been suggested previously. The very strong
binding by Visking dialysis membrane would account
for the failure to detect gold in dialysis experiments
(Lawrence, 1961), and makes quantitation of binding
using this material impracticable even if precautions
are taken to avoid confusion from uptake by the
membrane (Rieder, 1963). A strong affinity for
Visking membranes has also been observed in the
case of mercury (Magos, 1968, personal communi-
cation). The unbound fraction of the gold com-

pound would presumably be important in deter-
mining toxicity during the period of high blood
concentration after injection of thiomalate although
it may not have the same importance in determining
therapeutic efficacy as in the case of drugs such as

phenylbutazone, indomethacin, etc. With most drugs

it is the concentration free in the tissue fluids
which determines pharmacological activity (Brodie,
1965), but since gold may be actively sequestered in
the tissues and possibly exert its effects intra-
cellularly, e.g. on phagosomal enzyme systems (Per-
sellin and Ziff, 1966), the effects may well continue
independently of blood levels once an optimal tissue
concentration has been attained. Nevertheless
there is a real need for data on blood levels in relation
to gold therapy of rheumatoid arthritis and with
the advent of atomic absorption spectrophotometry
this is now a practical proposition (Lorber and
others, 1968).

Within the period of the present experiments,
active uptake by tissues was much more striking in
the kidney cortex than elsewhere. Renal medullary
levels, however, were quite low in the two rabbits
in which they were estimated. Amongst other
organs examined in these (normal) animals, only the
spleen appeared to show levels which were notably
higher than those in the blood. However there
would seem likely to be some binding by all the tissue
examined except for skeletal muscle, since with this
exception concentrations were higher than those in
the blood.
The relatively rapid fall in blood levels is obviously

due to uptake by the tissues as urinary excretion is
quite inadequate to account for this, and faecal
excretion although not measured in these experi-
ments has been shown to be of the order of, or less
than, urinary excretion (Sliwinski and others, 1966).
Renal clearance of gold was however higher in the
high dose than in the low dose pair over the first
48 hours, a finding in conformity with the suggestion
that serum transport mechanisms may have been
saturated by the excessively high blood levels at
this time.

Summary
Transport of gold by the blood has been investi-

gated in rabbits using Au198-labelled sodium auro-
thiomalate. Fractionation with Sephadex G200,
immunoelectrophoresis, and paper electrophoresis
indicated an association almost exclusively with
serum albumin. The high binding capacity may
have been exceeded where very large doses of gold
were given. Renal clearance of gold was also
increased by this dosage. Amongst tissues exa-
mined renal cortex showed a special affinity.

The authors wish to acknowledge with gratitude the
grant made by May and Baker Limited towards the cost
of the radioactive sodium aurothiomalate, also the
assistance of Mr. R. J. Reynolds, M.Sc., of Evans
Electroselenium Limited, by whom the atomic absorption
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spectrophotometry measurements were performed, and
to thank Miss Jean Blackburn and Miss Valerie Bayliss
for invaluable technical assistance.
One of the authors (E.G.M.) performed this work

while on overseas tour of duty on behalf of the Medical

Research Council of New Zealand and wishes to thank
Professors P. G. H. Gell and J. Hardwicke for providing
facilities for the research.
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Le transport des sels d'or dans le corps

RiSUME
Le transport de l'or par le sang a ete etudie chez le

lapin en employant l'autothiomalate de soude 6tiquete
Au'98. Le fractionnement avec le Sephadex G200,
l'immuno-6lectrophorese, et l'6lectrophorese sur papier
ont indiqu6 une association presque exclusivement avec
l'albumine du serum. La capacite marquee de fixation
pouvait avoir ete excedee quand de tres fortes doses d'or
ont ete donnees. L'elimination renale de l'or etait aussi
augment6e par ce dosage. Parmi les tissus examin6s le
cortex renal a montre une affinite speciale.

El acarreamiento de oro en el organismo

SUMARIO
El acarreamiento de oro por la sangre ha sido investi-

gado en conejos, usando autotiorralato de sodio identi-
ficado con Au'98. El fraccionamiento con Sefadex
G200, inmunoelectroforesis y electroforesis sobre papel
revel6 una asociacion casi exclusiva con albumina de
suero. La alta capacidad de absorci6n quizA haya
sido excedida toda vez que se suministraron dosis muy
grandes de oro. La eliminaci6n renal de oro aument6,
asimismo, con esta dosis. Entre los tejidos examinados,
la corteza renal mostr6 una afinidad especial.
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