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Abstract-Using the techniques of differential centrifugation, sucrose sedimentation-gradient and isopyc- 
nit-gradient centrifugation and gel chromatography through Sephadex G 75 and G 200, the uptake 
and subcellular distribution of gold in rat liver has been studied over a period of 1 hr to 36 days 
after intraperitoneal administration of 0.7 mg kg- I to 80 mg kg- ’ sodium aurothiomalate (“Myocrisin”). 

After 1 hr, gold concentrated in the lysosomes of liver cells and, under certain conditions. it was 
estimated that probably more than 90 per cent of the cytoplasmic gold was associated with these 
organelles. After longer time intervals partial redistribution of the gold took place, possibly due to 
sequestration into telolysosomes. The majority of the lysosomal gold appeared to be membrane-bound 
and increased with increasing aurothiomalate dose and time after injection. 

The distribution of gold among the proteins of the cytosol and the lysed granule-fraction supernatant 
has been investigated and compared with that in the plasma. Whereas in the latter more than 87 
per cent of the gold was bound to albumin, the gold in the lysosomal supematant was bound to 
molecules over a wide range of molecular weights, and that in the cytosol appeared to be bound 
to at least three macromolecules. one - 300,ooO. one -4&m (possibly hgandin) and one - 10.000. 
In addition l&l5 per cent of the cytosol gold appeared to be a much lower molecular weight species 
(less than 3,000). which was not found in the lysosomal supernatant or the plasma. 

Although gold drugs, especially sodium aurothioma- 

late (“Myocrysin”), have been used with success in 

the treatment of rheumatoid arthritis for many 
years [I, 23, little is known about the mechanisms in- 
volved in the production of their therapeutic and 
toxic effects. 

In patients undergoing chrysotherapy [3] and in 
rats administered sodium aurothiomalate [4]. the 
gold was found to accumulate especially in organs 
containing components of the reticulo+ndothelial 
system, such as the liver. Various qualitative investi- 
gations into the subcellular distribution of gold have 
been made using electron-microscopic and electron- 
microprobe techniques. After the administration of 
sodium aurothiomalate, gold was found to accumu- 
late into the lysosomes or lysosome-like organelles 
of human synovial macrophages [S], rabbit synovial 
intimal cells, subsynovial macrophages and some- 
times articular cartilage chondrocytes [6,7], rat and 
rabbit macrophages, hepatocytes and renal epithelial 
cells [S]. rat renal glomerular capillary wall [9] and 
possibly human dermis [lo]. On the other hand when 
sodium aurothiopropanol sulphonate was injected 
into rats, the gold in the renal proximal tubule cells 
appeared to be concentrated in the mitochon- 
dria [ 111. Very few quantitative investigations into 
the subcellular distribution of gold have been per- 
formed. The preliminary communication of the 
present work [ 121 showed that gold accumulated in 
the lysosomes of rat cells after administration of 
sodium aurothiomalate. Some of the results in that 
paper have been recently confirmed [ 131. 

* To whom all correspondence should be addressed. 

The present studies extend the work of the prelimi- 
nary communication [ 121 and investigate in detail the 
quantitative subcellular distribution of gold in rat 
liver after intraperitoneal administration of sodium 
aurothiomalate. 

MATERIALS AND METHODS 

Materials. Sodium aurothiomalate was obtained 
from May & Baker Ltd., Dagenham. Essex. U.K. and 
sodium [r9’Au or ‘95A~] aurothiomalate from 
Radiochemical Centre Ltd., Amersham, Bucks, U.K. 
Triton WR-1339 was purchased from Winthrop 
Laboratories, Newcastle, Northumberland, U.K. 
Sephadex G200 and G75 were brought from Pharma- 
cia (G.B.) Ltd., London, U.K. All the enzyme sub- 
strates were obtained from Sigma London Chemical 
Co. Ltd., Kingston, Surrey, U.K. All other chemicals 
were bought from BDH Chemicals Ltd., Poole, Dor- 
set, U.K. and were of “Analar” grade except for Tri- 
ton X-100. 

Animal experiments. Male Sprague-Dawley rats 
were injected intraperitoneally with sodium auro- 
thiomalate containing sodium [198A~ or ‘“‘AU] 

aurothiomalate at doses of between 0.7 mg kg-’ and 
80mgkg-’ ( ‘95A~ = 10e6 Ci to IO-’ Ci, ‘9SAu = 
10e4 Ci to 10e3 Ci). The rats were allowed food and 
water ad lib. and for a few of the experiments involv- 
ing excretion studies were kept periodically in meta- 
bolic cages. When plasma was required the blood was 
obtained by cardiac puncture. The rats were killed 
after various time intervals between I hr and 36 days 
by dislocation of the cervical vertebrae under light 
ether anaesthesia. The livers were perfused with 
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0.15 M NaCl. excised and washed in ice-cold 0.25 M 
sucrose. All subsequent fractionation procedures were 
performed at 4 

The washed livers were minced. weighed and hom- 
ogenised in a Potter-Elvehjem apparatus using three 
up and down strokes of the Teflon pestle. The result- 
ing homogenate was diluted with 0.25 M sucrose to 
give a concentration of IO”,; relative to the liver wet 
weight. 

D#hw~io/ c~cwtr!fugafiorl. The homogenate was 
successively centrifuged at 600 y for IO min to provide 

a cell debris fraction mainly containing nuclei and 

unbroken cells. 3.000 q for I2 min to give a fraction 
containing mitochondria and heavy lysosomes. 
X.000 y for 20 min to provide light lysosomes. a few 
mitochondria and a small amount of endoplasmic 
reticulum. 3O.OOOg for 30 min to yield endoplasmic 
reticulum and very light lysosomes. and 105.OOOr/ for 
120 min to give a fraction containing endoplasmic 
reticulum and a supernatant essentially free of subccl- 
lular organellcs. 

In addition a mixed granule fraction was obtained 
by centrifuging the 6oO~q supernatant at 3O,CX)O(q for 

30 min. 

Srdimnrfutior~ qrudrrrlr ccwtrifiqutrorl. Flvc ml of the 

cytoplasmic fraction (post cell-debris supernatant) 
were layered onto a continuous sucrose gradient 
(0.3 M to 1.17 M) with a 3.40 M sucrose layer at the 
bottom of the centrifuge tube. to give a total volume 
of 45 ml. The gradient was centrifuged at 135Oq for 
2 hr 7n a swing-out rotor at 1 Approuimatel) 
IS x 3 ml fractions were collected from the bottom 
of the tube. 

Isop~cr7rc yrudi~r~r crr~fr(fyatiorl. A mixed granule 
fraction obta7ned from rats. with or without mtraperi- 
toneal administration of 0.85 g kg -~ ’ Triton WR-I 33 
4 days previously. was washed in 0.78 M sucrose. 
resuspended in about IO ml 0.78 M sucrose and 3 ml 
or 5 ml layered onto a contmuous sucrose gradient 

(0.78 M to 1.97M) to give a total volume of 19.5 ml 
or 60 ml respectively. These isopycnic gradients were 
centrifuged at 75.OOOy for 4 hr m swing-out rotors 
at 4’. I3 x I.5 ml or 3.l x 3 ml fractions. respccti\el>. 

were collected from the bottom of the tubes. 
h’rrclrar pw$uriotl. Nuclei were purified by centrl- 

fugation of the cell-debris fraction (CD) in 7.4 M 
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interval I hr to 36 days. the overwhelming majority 
of the gold (more than 87.7 per cent) in the plasma 
co-&ted with the albumin fractions. The gold in the 
globulin fractions varied from I.7 to 12.3 per cent 
and showed a distinct inverse relationship with the 
total plasma gold concentration. At ail time intervals 
and aurothiomalate doses studied, the concentration 
of “free” gold was virtually undetectable (less than 
1.2PG). 

0.02 J, I I I 1 1 
0 40 80 120 160 200 

Time after injection (hours) 

Fig. t Plasma clearance of gold after administration of 
various doses of sodium aurothiomalate. 

Livrr. Although a large proportion of the gold was 
cleared rapidly by renal excretion {I%30 per cent 
after a dose of 0.7 mg kg-’ or 50-70 per cent after 
80 mg kg- ’ in the first 24 hr). some was taken up by 
the tissues. which still contained about I5 per cent 
of the injected dose after 36 days (after a dose of 
80 mg kg- ’ ). 

Lysosomes. Arysulphatase (EC 3.161) was esti- 
mated using 0.02 M pnitrocatechol sulphate as sub- 
strate in 0.5 M acetate buffer pH 6.0. The reaction 
was stopped with 1 M NaOH after an incubation of 
1 hr at 37”. The absorbance of the Iiberated 4-nitro- 
catechol was measured at 5 15 nm [l9]. fl-glucuroni- 
dase (EC 3.2.1.31) was estimated using 9 x 10e3M 
phenolphthalein P-glucuronide as substrate in 0.1 M 
acetate buffer pH 5.0. The reaction was stopped with 
0.4 M glycine/sodium hydroxide buffer pH 10.0 after 
an incubation of I hr at 37”. The absorbance of the 
liberated phenolphthalein was measured at 545 nm 
[ZO]. Acid phosphatase (EC 3.1.3.2) was estimated 
using 0.5 M disodium fl-glycerophosphate as sub- 
strate in 0.1 M acetate buffer pH 5.0. The reaction was 
stopped with SO;, trichloroacetic acid (TCA) after an 
incubation of 1 hr at 37” [Zl]. The liberated phos- 
phate was then estimated [I?]. 

The liver took up gold to a level of 2.545 per 
cent of the injected dose within 24 hr. This remained 
fairly constant over the subsequent 36 days, even 
though the whole body retention had dropped to IS 
per cent. Therefore the proportion of gold in the body 
that was located in the liver rose from about 5.4 per 
cent after 24 hr to 21 per cent after 36 days. Although 
the initial uptake of gold by the liver varied by a 
factor of two, no clear relationship was observed 
between liver uptake and injected dose or liver size. 

Intruc&lur distribution. The intracellular distribu- 
tion of gold in rat liver was studied 1 hr to 36 days 
after 0.7 mg kg-’ to X0 mg kg- ’ of sodium aurothio- 
malate by differential centrifugation. sedimentation- 
gradient centrifugation. isopycnic-gradient centrifuga- 
tion with and without prior administration of Triton 
WR-1339, and Sephadex GZOO and G75 chroma- 
tography of selected fractions. 

~ndo~f~s~ic reticulum. Glucose&phosphatase (EC 
3.1.3.9) was estimated using 4.3 x low3 M sodium 
glucose-(j-phosphate as substrate in 0.033 M cacody- 
late buffer pH 6.5 containing 0.001 M EDTA. The 
reaction was stopped with 8% TCA after an incuba- 
tion of 30 mm at 37” [22]. The released inorganic 
phosphate was then estimated [ 171. 

Difirential centrjfiqation. The results obtained by 
differential centrifugation of rat liver homogenates, 
obtained I hr. 24 hr and 7 days after administration 
of 14 mg kg- ’ to 17 mg kg-’ of sodium aurothio- 
malate are shown in Fig. 2, together with the pro- 
file obtained when sodium aurothiomalate was added 
to a liver homogenate in vitro. The results obtained 
after a variety of doses between 0.7 mg kg-’ and 
80 mg kg- ’ were similar. 

Cytosoi. Lactate dehydrogenase (EC 1.1.2.3) was 
estimated using 10m4M NADH and 7 x 10e4M 
sodium pyruvate as substrates in 0.05 M Tris-HCI 
buffer pH 7.4. The rate of reaction was measured at 
340 nm on fractions diluted IOCLlOOO times [23]. 

Nuclei. DNA content was estimated using an adap- 
tation [24] of Burton’s [253 method. 

RESULTS 

Plasma. The plasma clearance of gold, after the in- 
traperitoneal administration of various doses of 
sodium aurothiomalate. is shown in Table I. Up to 
1 week, the plasma clearance corresponded ap- 
proximately to an exponential with a half time of 
about 36 hr (Fig. 1). 

One hr after injection. 50.4659 per cent of the 
cytoplasmic gold (i.e. not including the cell-debris 
fraction) was located in the high-speed supema~nt 
fraction (S). This bad decreased to 7.9- 12.3 per cent 
after 24 hr and remained at about 2--3 per cent 
between 7 days and 36 days. The decrease of gold 
in this fraction was paralleled by an increase in gold 
associated with the granule fractions (Figs 2 and 3). 
At all time intervals and aurothiomalate doses stud- 
ied, the highest specific activity of gold (a~tivity~mg 
protein) was found in the fraction containing the 
highest specific activity of the iysosomal marker 
enzyme arylsulphatase. and from 24hr onwards the 
highest percentage of gold activity was found in the 
fraction containing the highest percentage of ar~l~ul- 

phatase. 

The distribution of gold in the plasma fractions, 
as separated by chromatography through Sephadex 
G20, is shown in Table 1. Over the aurothiomalate 
dose range 0.7 mg kg-’ to 80 mg kg- ’ and the time 

The cell-debris fraction contained si~i~~ant but 
variable amounts of gold (18-54 per cent of the total 
liver homogenate). As the time interval from auro- 
thiomalate administration or the dose administered 
increased, the proportion of gold in the liver that sedi- 
mented with the cell debris fraction also increased 
(Fig. 3). Although the cell debris fraction contained 
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Fig. 2. Differential centrifugation of rat liver homogenates 1 hr (I). 1 day (2) and 7 days (3) after 
injection of sodium aurothiomalate (I 4- I7 mg/kg). (4) = ~1 uitm incubation. a = gold. b = cytochrome 
oxidase. c = arysulphatase. d = glucose-6-phosphatase. e = lactate dehydrogenase. Fractions CD and 
S = Cell debris and high-speed supernatant. Fractions in between. from left to right, were obtamcd by 
successive centrifugalions at 3,OOOy x 12 min.. 8.OOOg x 20min.. 30,000~ x 30 min.. and 105.OCOq x 

60 min. 

cytoplasmic marker enzymes (Fig. 2) no consistent 
alteration in cytoplasmic contamination with changes 
in doses or time intervals were observed. 

Addition of aurothiomalate to a liver homogenate 
prior to differential centrifugation resulted in most 
of the gold (71.5 per cent) being located in the high- 
speed supernatant (S) fraction (Fig. 2). When pre- 
viously incubated with an homogenate for 1 hr at 37’. 
the gold was more evenly spread across the fractions, 
but still 50.8 per cent was localised in the high-speed 
supematant (S) fraction. With or without prior incu- 
bation. the highest specific activity of gold was also 
in this fraction, This clearly indicates that the irr rim 
distribution of gold was not due to adventitious redis- 
tribution during homogenisation. 

High-speed supernatant,fruction (S). The distribution 
of gold within the high-speed supernatant fraction (S) 
was further investigated by gel-permeation chroma- 
tography through Sephadex G200 and G75. Figures 
4 and 5 show the elution profiles obtained from 
Sephadex G75 and G200 respectively 7 days after 
80 mg aurothiomalate kg- ‘. 

The data obtained from GZOO and G75 chroma- 
tography show that. when aurothiomalate was admin- 
istered in viuo, the gold in the liver high-speed super- 
natant (S) could be divided into at least four compart- 
ments: a high molecular weight compartment that 
eluted in the void volume of Sephadex G200. one 
that co-eluted with ligandin (Y-protein) (as shown by 
bromosuphthalein binding) [26]. one that eluted after 

Z-protein on Sephadex G75 and a low molecular 
weight fraction that eluted in the total column volume 
of Sephadex G75. When aurothiomalate was incu- 
bated with rat liver high-speed supernatant (S) 111 
L*itro. a similar profile was obtained except that the 
post-Z-protein peak was absent and the missing gold 
was redistributed evenly among the other three com- 
partments (Fig. 4). 

Granule .fractions. The separation between the 
subcellular organelles was improved by subjecting 
cytoplasmic fractions and mixed-granule fractions 
to sucrose sedimentation-gradient and isopycnic- 
gradient centrifugation, respectively. 

The overall pattern provided by sedimentation- 
gradient centrifugation was very similar to that pro- 
vided by differential centrifugation. Apart from 1 hr 
after injection. when the gold specific activity and 
activity profiles most closely resembled those of lac- 
tate dehydrogenase. the gold profiles most close& 
paralleled those of arysulphatase. However with in- 
creasing time intervals after the administration of 
high doses of aurothiomalate (30 mg kg ’ ). there was 
a progressive increase in gold associated with the 
bottom of the gradient, which was not paralleled by 
any change in enzyme profiles (Table 2). 

Isopycnic-gradient centrifugation of mixed-granule 
fractions with or without prior injection of Triton 
WR-1339 confirmed the association between gold and 
the lysosomal marker enzyme arylsulphatase. Deter- 
gent-induced flotation of gold occurred alongside Ro- 
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Fig. 3. Distribution of gold in the differential fractions of 
rat liver at various times after 14-80mg/kg (a) or 
0.7-2.2 mg/kg (0) aurothiomalate. A = High-speed super- 

natant. B = Mixed-granule fraction. C = Cell debris. 
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tation of arylsulphatase. the cytochrome oxidase and 
protein profiles remaining unaltered. However with 
higher doses of aurothiomalate and at longer time 
intervals after injection, significantly less gold in the 
granule fractions could be floated by the detergent 
than arylsulphatase. For example, 24 hr or less after 
30 mg aurothiomalate kg- ’ or 7 days or less after 
0.7 mg kg-‘. the increase in the proportion of gold 
on the isopycnic gradients equilibrating to a specific 
gravity less than 1.195 after Triton WR-1339 adminis- 
tration was 48.1 ) 4.7 per cent (S.D.. n = 4) com- 
pared to 54.7 k 13.0 per cent for arylsulphatase. 
whereas 15 days after 30 mg kg-’ only 18.0 per cent 
of the gold was floated compared with 57.5 per cent 
for the arylsulphatase. 

The distribution of gold within the lysosomes was 
further investigated by lysing mixed-granule fractions, 
by freezing and thawing or various concentrations of 
Triton X-100. and measuring the distribution of gold 
between the sedimentable membranes and the super- 
natant. The results (Table 3) showed that the majority 
of the lysosomal gold was bound to the membrane 
after freezing and thawing, and increased with in- 
creasing time intervals from about 70 per cent after 
24 hr to 96 per cent after 36 days (30 mg kg-‘). There 
was also a tendency for the proportion of gold mem- 
brane-bound to increase as the aurothiomalate dose 
increased. Increasing concentration of Triton X-100. 
as the lytic agent, made little difference to the intraly- 
sosomal distribution of gold, when high aurothioma- 
late doses were administered, but considerably de- 
creased the membrane bound gold when low doses 
were injected. Prior injection 4 days previously of Tri- 
ton WR-1339 made little difference to the distribution 
of gold or the lysosomal enzymes. 

0 0.2 0.4 0.6 0.8 1.0 

Ve-Vo 

vt -vo 

Fig. 4. Sephadex G 75 chromatography of a high-speed-supernatant fraction 7 days after injection 
of 80mg/kg aurothiomalate (A) or 1 h after incubation in vitro with 1.25 x IO-’ M aurothiomalate 

(B) - = 19’Au. --- = A,,,,,. 
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Fig. 5. Sephadex G 200 chromatography of plasma (A) or high-speed liver supcrnatant (B) 7 days 
after injection of 8Omg/kg aurothiomalate, or high-speed supernatant after I hr incubation 01 r$rro 

with 1.25 x lO-5 M aurothlomalate (C). -~ = ‘“Au. ; A 280nm~ 

When a frozen-and-thawed granule fraction from 
an uninjected rat was incubated with 4.2 x 10eh M 
aurothiomalate at 37’ for 1 hr in citro. only 42 per 
cent of the gold was sedimentable. compared with 
7&96 per cent in the equivalent in ciao experiments 
(30 mg kg- ‘). Therefore adventitious binding of gold 
to the membranes during homogenisation or the frac- 
tionation procedure was unlikely to be significant. 

The non-membrane bound lysosomal gold (i.e. that 
released into the supernatant by lysis of the granule 
fractions) was fractionated by Sephadex G?OO 
chromatography. The elution profiles showed that. 
after freezing and thawing, the gold was spread over 
a wide range of eluate fractions, but with very little 
eluting at the total column volume (i.e. mol. wt less 
than 5,000). The increase in non-membrane-bound 
gold, when the lysosomes were lysed with 1% Triton 
X-100 after administration of 0.7 mg aurothiomalate 
kgg i, could be entirely accounted for by the appear- 
ance of a large peak of gold eluting at the void 
volume on Sephadex G200. This was accompanied 
by a large increase in protein (A280nm) in this fraction. 

Cell dehrisfiaction. Attempts to elucidate the sub- 
cellular localisation of the gold in the cell-debris frac- 

tion were made by purifying the nuclei from this frac- 
tion. On assumption that all the gold in the purified 
nuclear fraction was in fact associated with the nuclei. 
a maximum level of gold in the nuclei of the total 
liver could be calculated (Table 4). This value ranged 
from 0.8 per cent (7 days after 0.7 mg aurothiomalatc 
kg-‘) to 32 per cent (36 days after X0 mg kg-‘) of 
the total homogenate gold. The increase of gold in 
the purified nuclear fraction with increasing aurothio- 
malate dose and increasing time after injection was 
not accompanied by any consistent increase in cyto- 
plasmic marker enzyme contamination. 

DISCLSSION 

The fact that most of the gold in rat plasma was 
bound to albumin (Table I ). after the intraperitoneal 
administration of sodium aurothiomalate, agrees with 
the results obtained when rat serum was incubated 
with sodium aurothiomalate irl vitro [27]. as well as 
rabbit serum irr CLU [2X] and human serum iri 
vitro [27,29] and irr civo (C. J. Danpure, in prep- 
aration). The extremely low levels of “free” gold are 
compatible with the very low dissociation constant 
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Table 2. Distribution of gold and marker enzymes (as per cent of total gradient activity) on SUC~OSC 

sedimentation gradients at various times after injection of 30 mg kg-’ aurothiomalate* 

Time after injectron 

Parameter 

Gold 

Cytochrome oxidase 

Arylsulphatase 

Lactate dehydrogenase 

Protein 

Gradient fractions I hr 24hr 

l-4 4.x 21.8 
5-12 25.x 54.9 

13-15 69.4 ‘3 3 
14 58.9 51.3 
5-12 33.2 32.7 

13-15 1.9 IO 0 
l-4 22.4 25.5 
5-12 69.4 59.0 

13-15 8.2 15.5 
l-4 10.3 9.7 
5-12 ‘4.8 9.6 

13-15 64.9 80.7 
I4 21.1 21.1 
5-12 30.6 21.1 

13.-15 4x.3 57.x 

7 days 

38 6 
46.3 
IS.1 
67.0 
30.6 

2.4 
” 6 __. 
66.9 
10.5 
14.2 
I x.4 
67.4 
22.4 
27.6 
50 0 

IS days 

53.4 
27.9 
IX7 
61.4 
32.x 

5.x 
Id.6 
70.6 
10.8 
I I.6 
21.4 
67.0 
71.5 
26.X 
51.7 

* Fraction I = botton of gradient. 

for the reaction between serum albumin (human, at 
least) and aurothiomalate [30]. 

The strongly negative correlation between the pro- 
portion of plasma gold bound to the globulins (except 
for the extremely long time intervals of 36 days) and 
total plasma gold concentration or time after injec- 
tion (Table 1) is unique to the in vim situation, as 
experiments in vitro (C. J. Danpure. unpublished 
results) showed that there was no such correlation 
with incubation time or aurothiomalate concentra- 
tion (over the ranges found in the present experiment). 
It is interesting to note that a similar correlation has 
been found in the plasma of patients undergoing 
aurothiomalate therapy for rheumatoid arthritis (C. 
J. Danpure, in preparation). On the basis of gold- 
isotopic exchange, the interaction between aurothio- 
malate and albumin has been found to be reversible 
(C. J. Danpure. unpublished results). Therefore, on 
the assumption that the reaction with the globulins 
is either irreversible or less reversible, the present 
results could be explained by the selective removal 
of gold from the albumin as a result of tissue uptake 
or excretion. 

The rate of clearance of gold from the plasma, 
found in the present experiment is difficult to com- 
pare with the results of other workers. In rats pre- 
loaded with aurothiomalate by intramuscular admin- 
istration. Block et al. [31] found an initial rate of 
removal of gold from the plasma with a half-time 
of about 7 days, a result that agrees with data 
obtained from humans [32,33]. Harth [34] found 
that the serum half-time of gold in humans was 43 hr 
over the first l-2 days with half-time of 6 days subse- 
quently. When rabbits were injected intramuscularly 
with aurothiomalate. with or without preloading. the 
plasma half-time was about 40 hr [28]. In the present 
experiments. the plasma half-time of gold was similar 
to the latter. although the aurothiomalate was admin- 
istered intraperitoneally. The effect of the route of ad- 
ministration is uncertain, but Freyberg et al. [35] 
found that. at least for some gold drugs. there was 
no difference in plasma gold kinetics whether injected 
intraperitoneally or intramuscularly. 

The amount of gold taken up by the liver is similar 
to the findings of other workers with rats [4, 313 and 

humans 131, (in the latter case using aurothioglucose). 
Although it has been implied that liver uptake of gold 
is a consequence of the activity of the reticuloendo- 
thlial system in this organ [ 131. no unequivocal evi- 
dence to that effect is available. Penneys et al. [13] 
found that. whereas the concentration of gold per unit 
of protein in the Kupffer cells was twice that in the 
hepatocytes the majority of liver gold was in the hepa- 
tocytes. Gold has been detected histologically in 
hepatocytes as well as Kupffer cells 183 after auro- 
thiomalate administration. In addition. a significant 
proportion of gold administered is chronically 
excreted in the faeces [4.34-361 and if this is indica- 
tive of biliary excretion. the role of the hepatocytes 
in the liver uptake of gold may be important. 

Investigations into the intracellular distribution of 
gold in rat liver cells at various time intervals after 
a variety of doses of sodium aurothiomalate by a 
number of different techniques. show unequivocally 
that gold was concentrated in lysosomes. as demon- 
strated by the marker enzyme arysulphatase. The 
results obtained from the differential fractionation. 
sedimentation-gradient and isoycnic-gradient centri- 
fugation together indicate that, under some con- 
ditions, for example 7 days after I4 mg kg-’ to 
I7 mg kg- ’ aurothiomalate. probably more than 90 
per cent of the cytoplasmic gold (more than 70 per 
cent of the homogenate gold) w’as associated with 
lysosomes. 

The intracellular distribution of gold became con- 
siderably less clear when the time interval and/or the 
injection dose of aurothiomalate was mcrcased. due 
to the increased amounts of gold found in the cell 
debris and partially-purified nuclear fractions. the in- 
creased proportion of gold sedimenting to the denser 
fractions in the sucrose sedimentation gradients. and 
the decreased ability of prior injection of Triton 
WR-1339 to decrease the density of gold-containing 
organelles. These changing charactertstics in the dis- 
tribution of gold were not consistently paralleled by 
arylsulphatase. 
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Table 4. The estimated maximum per cent of liver gold in the nuclei 

Aurothiomalate 

(mg kg- ’ 1 

Time 
after injection 

(days) 

RSA 

DNA AU Max “4 Au in N 

30-80 I 23.0 0.9 4.05 
7 16.7 3.3 19.6 

I5 1.7 1.7 21.4 
36 30.0 9.6 31.6 

0.7 7 20.6 0.16 0.82 

N = nuclei, RSA = relative specific activity compared to homogenate 

These results could possibly be explained by the 
actual redistribution of gold into other subcellular 
compartments, such as the nuclei. However, as both 
the sedimentation and isopycnic gradients were essen- 
tially free of nuclear contamination, it is more prob- 
able that the gold becomes concentrated into telo- 
lysosomes, a process that is more noticeable after long 
time intervals or high doses of aurothiomalate. In the 
present study, a large proportion of gold was found 
bound to the lysosomal membrane. It is possible that 
gold-induced changes in the characteristics of the 
lysosomal membrane could result in changes of mem- 
brane permeability leading to increased lysosome size 
and/or density and decreased ability to equilibrate 
with lysosomes containing Triton WR-1339. Many 
lysosomal enzymes are known to be inhibited by aur- 
othiomalate [37-393, which may explain why the pro- 
posed sequestration of gold into telolysosomes was 
not accompanied by arylsulphatase, especially when 
it is considered that these telolysosomes are likely to, 
either contain a higher concentration of gold, or have 
contained the gold for a longer period of time, than 
the lysosomes still demonstrating their normal sedi- 
mentation and equilibrium characteristics. Support 
for this concept comes from the work of Yarom et 
al. [S], who showed, histologically, gold-like inclu- 
sions in what appeared to by lysosomes but did not 
stain for lysosomal enzymes. 

Over the concentration range used in the present 
experiments, the majority of gold associated with the 
lysosomes was probably membrane bound. The 
dependency of the proportion of gold bound to the 
membrane on the quantity of aurothiomalate injected 
and the time after injection could be due to the gold 
exposing additional binding sites on the membrane, 
or the exhaustion of interaction sites in the lysosomal 
lumen. The specific activity of the [‘95A~] aurothio- 
malate administered was such as to preclude investi- 
gations into the distribution of gold after injection 
of smaller amounts of drug. However extrapolation 
of the data obtained after higher doses indicates that 
the majority of the lysosomal gold would be bound 
to molecules in the lysosomal lumen. 

On the basis of G200 chromatography, the gold 
complexes in the lysosomal lumen covered a wide 
range of molecular weights, except that there was vir- 
tually no low molecular weight (less than 5000) gold 
species. This is not surprising if gold is assumed to 
react with other protein thiols as avidly as it does 
with that of albumin [30]. 

The increased solubilisation of gold, when lysis was 
effected by Triton X-100, was probably a result of 

solubilisation of high-molecular weight (more than 
300,000) membrane protein-gold complexes. 

It has been suggested previously [37,38] that at 
least part of the anti-inflammatory action of aurothio- 
malate may be due to the inhibition of lysosomal 
enzymes. These are known to be partly sequestered 
on to the lysosomal membrane and partly free in the 
lysosomal lumen [40]. The distribution of gold in the 
G200 eluate, found in the present study, compared 
with the equivalent distributions of some lysosomal 
hydrolases [41], indicates that gold in the lysosomal 
lumen, at least, could be bound to lysosomal enzymes. 

The significance of the high proportion (50.464.9 
per cent) of the cytoplasmic gold in the high-speed 
supematant fraction (S), 1 hr after injection, is difficult 
to assess. The absolute amount of gold this represents 
is very low (0.1-0.4 per cent of the injected dose). 
Although by 24 hr the proportion of the cytoplasmic 
gold located in the S fraction had decreased consider- 
ably (7.9-12.3 per cent), no consistent changes in the 
absolute amount of gold in the S fraction (0.2-0.3 
per cent of the injected dose) were observed. 

This gold is unlikely to represent plasma contami- 
nation as the livers were perfused prior to removal. 
In addition gold in the plasma was almost entirely 
bound to albumin (Table 1 and Fig. 5) whereas that 
in the S fraction, at least after 7 days, was bound 
to proteins other than albumin (Fig. 5). It is also un- 
likely to be due to adventitious redistribution as a 
result of lysosomal rupture during homogenisation, 
because, firstly, only low levels of arylsulphatase were 
found in the S fraction, and secondly, the distribution 
of gold among the proteins of the S fraction was quite 
different to that in the lysosomal lumen. Gold associ- 
ated with micropinocytic vesicles is also unlikely to 
be responsible for the gold in the S fraction, as in 
these the gold would be expected to be bound either 
to membrane proteins or plasma proteins, neither of 
which fits the gold distribution actually found. 

Although only a small proportion of the total liver 
gold is found in the S fraction, it may play an impor- 
tant role in the ultimate fate and toxicity of the drug. 
The proteins to which gold is bound to in this frac- 
tion have not been definitively characterised, but it 
is interesting to note that a significant proportion 
eluted with the total column volume of Sephadex G2m 
(mol. wt less than SOCO), whereas the gold in both 
the plasma and the lysosomal lumen appeared to be 
bound to proteins of much higher molecular weight. 

The low molecular weight (less than 5000) gold in 
the S fraction may be due to the formation of gold 
complexes with low molecular weight thiols, such as 
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glutathione and cysteine, which arc known to have 18. 
a relatively high concentration in the cytosol of cells. 
These mercaptide metabolites may be very complex IO. 

in nature [42] and may be the forms in which gold 
is released back into the blood from tissues and 20. 

organs such as the liver[43]. 
21. 

The possibility that gold in the S fraction IS bound “’ 
to ligandin (Y protein) is interesting with respect to 23. 
the known role of this protein in the uptake and bili- 
ary excretion of a wide variety of drugs and physio- 23. 
logical products of catabolism [44]. 

25. 
16. 
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