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from hamsters by Svartengren et al. 1411 
f3H1dihvdroereocrvntine. This liaand binds with lzz 
affinity io both alphat and alpha2 idrenoceptors [8]. Char- 
acterization of alpha-adrenoceptor subtypes has not yet 
been performed in brown fat, and species differences have 
to be considered. 

In summary, the present results suggest the presence in 
brown adipocytes of alpha, adrenoceptors whose activation 
is responsible for the increase in the incorporation of [“PIP1 
into phosphatidylinositol and phosphatidic acid. The alpha,- 
adrenergic effect is probably related to the depolarization 
observed by Fink and Williams [6] in brown fat. 
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Gold mercaptides have been used effectively in the treat- 
ment of rheumatoid arthritis for several decades [l]. 

inhibit lysosomal enzymes [2,3], prostaglandin synthesis 

Although the nature of their anti-inflammatory activity in 
[4], y-globulin aggregation [5], macrophage phagocytosis 

vivo is not known, gold compounds have been shown to 
[6] and lymphocyte blastogenesis [7-91 among other bio- 
logical processes in vitro. The activity of such compounds: 
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Fig. 1. Effect of aurothiomalate (ATM) on [“Hlthymidine incorporation by PHA-stimulated peripheral 
blood lymphocyte (PBL) cultures in the presence and absence of dithiothreitol (DTT). PHA. ATM 
and/or DTI were added to culture at zero hour; [‘Hlthymidine was added 20 hr prior to harvest at 

72 hr. (Results from three representative donors shown). 

may reside in a single biochemical property of the drug. 
Although sulphydryl reactivity has been shown to play a 
role in several of the observed activities of gold salts 
[2,5,10,11], the importance of this chemical property has 
not been generally accepted. This study was undertaken 
to assess the role of the sulphydryl reactivity of ATM in 
inhibiting PHA-induced blast transformation of human 
peripheral blood lymphocytes (PBL) [12, 131. 

Materials and Methods. Human peripheral blood was 
obtained by venepuncture from healthy donors and was 
anti-coagulated with 10 Units/ml of preservative-free Hep- 
arm B.P. (Weddel Pharmaceuticals Ltd). The mononuclear 
cell population was separated on Ficoll-sodium diatrizoate 
density gradients by a modified Boyum technique [14, 151. 
The separated mononuclear cells were washed three times 
in phosphate-buffered saline supplemented with 5% foetal 
calf serum (FCS; Gibco) and then resuspended at a final 
cell density of 106/ml in Dulbecco’s modified Eagle’s MEM 
(Flow Laboratories) suuplemented with 10% FCS, 2mm 
~glutamine, 20 rnM HEPES, 100 U/ml penicillin G and 
100 pg/ml streptomycin sulphate. The normal recovery of 
lymphocytes was SO-85 per cent while the final lymphocyte 
preparations were 90-95 per cent pure. 

Lymphocytes were cultured for 72 hr at 37” in round- 
bottomed microplates (Cooke Microtitre) using 0.2 ml of 
cell suspension per well, in a humidified incubator with 5% 
CO2 in air as the gas phase. At the initiation of culture, 
thiol reagents were added to the appropriate wells in 5 ,ul 
volumes and incubated for 30 min prior to the addition of 
disodium aurothiomalate (ATM; Aldrich Chemical Co, 
Milwaukee, Wisconsin, US.A.) and 5 @ml phytohae- 
maanlutinin (PHA; HA16. Wellcome Reagents Ltd. Eng- 
land! each in 5 ~1 volumes. Cultures were performed in 
triplicate or quadruplicate. 

In preincubation experiments, larger volumes (l-3 ml) 
of the cell suspension were treated with the thiol reagents 
in glass culture tubes for 30 min at 37”, then centrifuged 
and resuspended in fresh medium. These treated cells were 
also cultured in 0.2 ml aliquots with PHA and ATM. Con- 
trol cultures were treated similarly, except that thiol 
reagents were omitted. 

Twenty hours before harvesting 1 &i of methyl- 
[3H]thymidine in 5 fl (sp. act. 18-21 Ciimmole: Amer- 
sham) was added to each culture. Cultures were harvested 
at 72 hr onto glass fibre filters using a semi-automated cell 
harvester (Dynatech, Micro Mash AM77) with a distilled 
water wash of 40 volumes. The filters were dried and the 
radioactivity (cpm of [3H]thymidine incorporated) deter- 
mined by liquid scintillation counting in toluene-POPOP- 
PPO. 

The gold compounds and sulphydryl reagents were pre- 
pared fresh by dissolving in half the final desired volume 
of medium, adjusted to pH 7.00, made up to the final 
volume with medium, sterile filtered and the appropriate 
dilutions prepared. 

The values expressed are the mean cpm 2 standard 
deviation of triplicate or quadruplicate cultures. Owing to 
large variations in the response of individual donors’ lym- 
phocytes to ATM and the thiol reagents, each histogram 
represents the results of experiments from only one donor. 

Results. When the thiol reducing agent, dithiothreitol, 
was present throughout the culture period it enhanced the 
blastogenic response of the lymphocytes to PHA and pro- 
tected the cells in a dose-related manner, against the inhibi- 
tory activity of aurothiomalate (Fig. 1). When cultures 
were merely preincubated with dithiothreitol for 30 min, 
the PHA response was still elevated above control levels. 
However, such brief exposure to dithiothreitol did not 
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prevent the inhibition of blastogenesis by ATM (Fig. 2). 
The other thiol reducing agents tested (L-cysteine, 2- 

mercaptoethanol, cysteamine, iv’-acetyl-L-cysteine) had lit- 
tle effect except for L-cysteine which reduced the inhibitory 
effects of aurothiomalate. 

In contrast to the thiol reducing agents, thiol binding 
(blocking) reagents mimicked the action of ATM in inhibit- 
ing PHA-induced blast transformation. Iodoacetamide, N- 
ethylmaleimide, and mersalyl all reduced the level of DNA 
synthetic activity to below that of the unstimulated control 
cultures (not illustrated). Total inhibition was seen even 
when the cultures were exposed to the thiol binding agents 
for the initial 30 min of culture only. 

Co-incubation of the thiol binding reagents with ATM 
resulted in greater inhibition than that observed with either 
compound alone. 

The importance of the gold moiety to the inhibitory 
activity of the intact aurothiomalate molecule, was assessed 
by comparing the activity of ATM with that of the thiol 
ligand, thiomalic acid, as well as two inorganic gold com- 
pounds, sodium tetrachloroaurate (III) and gold trichlor- 
ide. The same weight equivalent of gold atom or equimolar 
thiomalate levels were used. Thiomalate produced a dose- 
related inhibition of lymphocyte activation similar to that 
observed with ATM (Fig. 3). The addition of thiomalate 
to cultures incubated with ATM resulted in additive inhi- 
bition. Gold trichloride and sodium tetrachloroaurate (III) 
were found to have a far greater inhibitory activity than 
either ATM, or thiomalate. However, unlike ATM or 
thiomalate, the two inorganic gold compounds reduced the 
cell viability, determined by trypan blue dye exclusion, to 
3@50 per cent at the higher dose levels. 

Dircussion. Various investigators have demonstrated 
that the sulphydryl reactivity of gold compounds appears 
to be important in several of the effects gold compounds 
have been demonstrated to have in vitro [2,5, 111. Sub- 
normal levels of serum sulphydryl groups have been 
observed in rheumatoid arthritis [16, 171. This has been 
attributed to an accelerated formation of disulphide bonds, 
which could result in protein denaturation and globulin 
aggregation. ATM administration, both in vim and in vivo 
has been shown to inhibit the sulphydryl-disulphide inter- 

Fig. 2. Effect of preincubation with dithiothreitol (DTI‘) 
compared with continuous presence of D’IT on subsequent 
ATM inhibition of [3H]thymidine incorporation by PHA- 
stimulated PBL cultures. (A) Continuous presence of ATM 
and DTI’ in culture. (B) 30min exposure to DTT, then 

washed and cultured for 72 hr with PHA and ATM. 
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Fig. 3. Comparison of the effect of ATM with those of 
sodium tetrachloroaurate (III), gold trichloride and thiom- 
alate on [3H]thymidine incorporation by 72 hr PHA-stimu- 

lated PBL cultures. 

change reaction between rat serum sulphydryl groups and 
dithiobisnitrobenzoic acid [ 18). Furthermore, the sulphy- 
dryl-dependent aggregation of human y-globulin, which is 
a stimulus to the formation of rheumatoid factors, has been 
shown to be inhibited by both ATM and other sulphydrpl 
binding reagents [5]. 

Our findings confirm the similar inhibitory properties of 
ATM and sulphydryl binding agents on an in vitro model 
of lymphocyte activation. The thiol binding compounds 
were approximately IO-fold more effective than ATM and 
enhanced the inhibition observed with ATM. 

In constrast, the thiol reducing agents enhanced the PHA 
response when added alone and partially protected the cells 
from the inhibitory action of ATM. 

It would seem that the sulphydryl reactivity of ATM 
plays an integral role in inhibiting PHA-induced blast trans- 
formation of human lymphocytes but it is still uncertain 
whether the biological activity of aurothiomalate can be 
entirely attributed to either the thiol ligand or the gold 
moiety. In contrast to the results of others [19,20], thiom- 
alate under the present experimental conditions was found 
to cause a dose-related inhibition of PHA responsiveness 
in much the same manner as ATM. When added in con- 
junction with ATM an additive effect was demonstrated. 
Although the two inorganic gold compounds exhibited far 
greater inhibitory activity than either ATM or thiomalate 
this was accompanied by a cytotoxic effect. 

The observation that the thiol reagents affected the PHA 
response, after only a brief initial exposure, suggested that 
an interaction of the thiol compounds with sulphydryl 
groups present in the medium was not a determining factor, 
as has been suggested [21]. 

Inhibition of lymphocyte activation might be dependent 
upon inhibition of lysosomal enzymes since lyosomal 
enzyme accumulation and release appear to be involved 
in “derepression” of the genome and a prerequisite for 
lymphocyte mitosis and cell division [23.24]. 

A direct action of ATM on macrophages cannot be 
discounted, as gold salts accumulate in macrophage lyso- 
somes [22] and may inhibit functions associated with the 
induction of transformation [20]. Thiol compounds have 
been shown to substitute for this macrophage function, 
possibly by preserving lymphocyte viability. - 

Summary. The thiol reducing agent dithiothreitol 
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enhanced the PHA response and opposed or reversed the 
inhibitory activity of aurothiomalate on PHA-induced blas- 
togenesis of human peripheral blood lymphocytes. In con- 
trast, the thiol binding reagents iodoacetamide, N-ethyl- 
maleimide and mersalyl were found to be inhibitory. 
Thiomalate produced a dose-related inhibition of blasto- 
genesis similar to that observed with aurothiomalate. Two 
inorganic gold salts were more inhibitory than either thio- 
malate or aurothiomalate, but were also cytotoxic. These 
observations suggest that the sulphydryl reactivity of auro- 
thiomalate could be the active principle in its activity in 
vitro. 
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