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There has been increasing interest in the use of
gold salts in the treatment of arthritis since the
favorable report of Forestier (1) in 1929. Nu-
merous reports from various parts of the world
emphasize the value of this form of treatment,
especially for rheumatoid arthritis; in many in-
stances it is stated that gold therapy has been
found more beneficial than any other treatment.
In the United States this treatment has become
popular only in the past three years, stimulated
largely by the endorsement of Key (2).

In 1938 we began a critical clinical study of this
form of therapy in cases of typical rheumatoid
arthritis, using gold sodium thiomalate (myochry-
sine) and gold sodium thiosulfate. At the end
of a year's trial, our experience led us to the
following temporary conclusions: (1 ) gold therapy
is definitely beneficial to some but not all patients
with rheumatoid arthritis during the active in-
flammatory stage of the disease and (2) the treat-
ment frequently produces toxic reactions, many
of which may be serious. We were convinced
of the potential value of this form of therapy, and
equally convinced that this method of treatment
was quite unsatisfactory in its existent state.

Treatment of arthritis with gold salts originated
and to date largely remains on an empirical basis.
We have been unable to discover any scientific
basis (1) for the selection of the various gold
salts commonly used, (2) for the popularity of
the parenteral route of administration, (3) for
determining the size of the individual doses and
the total amount of the drug which will be given,
and (4) for deciding upon the interval between

'The Rackham Arthritis Research Unit is supported
by the Horace H. Rackham School of Graduate Studies
of the University of Michigan.

doses and courses of treatment. Clinical experi-
ence has led to certain preferences, many of which
are conflicting. The method of action of gold
salts to produce benefit or toxic reactions is not
known. The literature contains very little infor-
mation concerning the metabolism of gold or the
fate of this element when administered in the
treatment of arthritis. Methods employed in the
previous studies of this subject are for the most
part non-specific and lack sufficient sensitivity to
give reliable results.

For these reasons, we began an intensive study
of this problem with the belief that information
could be obtained on the basis of which the value
and limitations of gold therapy might be clearly
defined; if the value of gold therapy was upheld,
it was hoped that the administration of prepara-
tions of gold now available, or others that might
be developed, could be put on a scientific basis so
that by adequate laboratory control maximum
benefit would be accomplished and toxic reactions
would be avoided entirely or minimized.

Weadopted the premise that the effects of gold
salts are due to gold contained in the molecule.
Our purpose was to determine the fate of gold
administered in different ways in the treatment
of patients with rheumatoid arthritis. In this first
report results obtained with the use of gold so-
dium thiomalate,2 gold sodium thiosulfate,8 and
colloidal gold sulfide4 will be presented. The
first two preparations, which are solutions of crys-
talline gold salts, were investigated because they

2Myochrysine, marketed by Merck & Co., Rahway,
New Jersey.

3 Supplied for this study by G. D. Searle & Company,
Chicago, Illinois.

4Aurol-Sulfide, supplied for this study by Hille Labo-
ratories, Chicago, Illinois.
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are used more extensively than other gold com-

pounds in this country; colloidal gold sulfide was

studied in order to compare the behavior of a col-
loidal suspension of a gold salt with the solutions
of crystalline gold compounds, and also because it
could be administered orally, intravenously or

intramuscularly.

METHODS

Patients who had typical rheumatoid arthritis with ac-

tive joint synovitis were studied during treatment and
for many months following treatment. In most instances
gold sodium thiomalate, gold sodium thiosulfate and col-
loidal gold sulfide were injected intramuscularly; in some

cases colloidal gold sulfide was administered orally en-

tirely, in other cases it was given orally and also intra-
muscularly. Injections were made weekly except in rare

instances when they were at five-day intervals. Salicy-
lates and, in some cases, small doses of vitamins C and
D and hypnotics were the only other drugs used during
these investigations.

In some patients extensive, continuous metabolism
studies were conducted similar to those commonly em-

ployed in the study of calcium and phosphorus. During
the period of administration of increasing doses of the
drug, and for two or three weeks after a fixed weekly
dose was given, twenty-four hourly collections of urine
were analyzed for gold by the method of Block and
Buchanan (3). Creatinine determinations were made by
the method of Folin (4) to check the complete collection
of urine. The content of gold was determined in venous
blood plasma obtained at the same time in the morning,
usually daily. (Fecal gold was not determined during
the investigation reported in this communication.)

In many other patients, twenty-four hourly collections
of urine and samples of venous blood were analyzed for
gold at intervals during and after treatment with gold
salts. Gold analyses were made of knee joint fluid and
blood obtained simultaneously from some patients. Often
plasma and urine gold values were determined previous
to administration, and at one, two, four, six and twenty-
four hours after giving a gold salt (a method similar to
a glucose tolerance test) in order to learn the speed of
absorption of gold from intramuscular depots or the
intestinal tract, and the resultant urinary excretion of
gold.

The gold content of the compounds used during this
study was frequently determined.

Since the amount of gold employed is small, the ana-

lytical method must be extremely sensitive, specific, and
accurate. Among the available methods for gold analy-
sis, we found none which was sufficiently specific and
sensitive to be employed satisfactorily in the analysis of
biological fluids and tissue. A photoelectric colorimetric
micromethod was devised by Block and Buchanan (3)
specifically for this work; this procedure has been highly
satisfactory and has been employed in all of our

investigations.

RESULTS

Samples of blood and urine obtained from pa-
tients who were not treated with gold compounds,
and from normal control subjects, never contained
gold by our method of analysis. Since all the
gold in blood was found to be present in the
plasma, all analyses were made on plasma and are
reported in terms of plasma concentration.

TABLE I

The gold present in plasma and synovial fluid obtained
simultaneously from patients treated with gold sodium thioma-
late and colloidal gold sulfide intramuscularly

Weekly Gold Gold in
Patient Preparation intake in synovial

of gold plasna fluid

V M gNm. ug.m per cnt per end
T. W. Gold sodium thiomalate intramuscularly 12.5 0.03 0

(Myochrysine) 0.33 0

K. N. Gold sodium thiomalate intramusularly 25 0.42* 0.43*
(Myochrysine)

F. M Gold sodium thiomalate intramuscularly 25 0.16 0.11
(Myochryne) 0.59 0.15

L. W. Gold sodium thiomalate intramusculary 50 0.25 0.24
(Myochrysine)

0. J. Gold sodium thiomalate intramuscularly 50 0.07t Ot
(Myochrysine)

C. K. Colloidal gold sulfide intramuscularly 15 0.07 00.19* 0

0 0
0.20 0.21

S. C. Colloidal gold sulfide intramusularly 43 0.18 0.11
0.08 0.03

F. S. Colloidal gold sulfide intramuscularly 60 0.04 0.05

* Four hours after injection.
t Ten months after last injection.

Results obtained in subject M. B. (Figure 1)
are characteristic of those obtained in three other
persons treated with gold sodium thiomalate and
given increasing amounts supplying from 10 to 50
mgm. of gold, until 500 mgm. of gold had been
administered. It should be particularly noted
that, throughout this study, dosage is referred to
in terms of the gold and not the quantity of the
gold salt; in this way the gold administered in the
different drugs can be readily compared.5

Gold was found in the blood in increasing
amounts as the amount of gold injected increased.
Between injections, the daily plasma values fluc-
tuated somewhat but, in general, after each injec-

5 The dose of the drug can be readily computed; gold
sodium thiomalate is 50 per cent gold by weight, gold
sodium thiosulfate is 37 per cent gold, and colloidal gold
sulfide is 87 per cent gold.

402



GOLD COMPOUNDSIN ARTHRITIS

GOLD IN PLASMA AND URINE
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FIG. 1. PLASMACONCENTRATIONAND THE EXCRETIONOF GOLDIN THE URINE OF A PATIENT WITH
RHEUMATOIDARTHRITIS TREATED WITH GOLD SODIUM THIOMALATE (MYOCHRYSINE) INJECTED IN-
TRAMUSCULARLYAT WEEKLYINTERVALS

Increasing doses were employed until two doses containing 50 mgm. of gold were given; there-
after, 25 mgm. of gold were injected.

tion the plasma gold concentration increased and
either remained at this higher level or decreased
slightly until the next injection was given. The
plasma concentration after the first injection of
50 mgm. of gold (between the twenty-first and
twenty-eighth days) averaged about 0.8 mgm. per

cent. Subsequently, after weekly injections of 25
mgm. of gold, the average plasma content was

less; it did not increase as more gold was admin-
istered. Similarly, the excretion of gold in the
urine increased as larger amounts of gold were

injected; the increased excretion, however, was

not directly proportional to the increased admin-
istration of gold. Although fecal analyses were

not done in the study of this patient, in others
we have found that the urine is the chief route of
excretion of gold administered in this compound.
Thus it is seen that gold is being retained in the

body in increasing amounts as the size of the
injection is increased. This apparent retention of
gold is of important magnitude; for instance, after
50 mgm. of gold were injected on the twenty-first
day, an average of only 1 mgm. was excreted daily
during the following week, so that only 7 mgm.
of the 50 mgm. of gold injected (14 per cent)
were eliminated in the urine before another 50
mgm. were injected on the twenty-eighth day.
Thus one needs to account for the remaining 86
per cent of gold. In this connection, the finding
of significant plasma concentrations and continued
urinary excretion of gold long after its adminis-
tration ceased, as will be demonstrated later (Fig-
ures 7 and 8), is extremely interesting. The ex-
cretion of gold did not increase after the amount
of gold injected was no longer increased; the ex-

cretion was definitely less after the weekly dose of
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GOLDIN PLASMAAND URINE
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FIG. 2. PLASMACONCENTRATIONAND ExCRTION OF GOLD IN THE URINE OF A PATIENT WITH

RHEUMATOIDARTHRITIS TREATEDWITH GOLDSODIUM THIOSULFATE, INJECTED INTRAMUSCULARLY

AT WEEKLYINTERVALS

Increasing doses were employed until the dose contained 50 mgm. of gold, at which level it re-

mained throughout the remainder of the study.

gold was reduced to 25 mgm. (Compare sixty-
first to sixty-fifth days with twenty-first to thirty-
third days.) Without exception the excretion of

gold was much greater on the day of injection
than on other days. These high urine values on

the day of injection were quite likely the result

of the quick rise in plasma concentration after
injection (Figure 4); however, the excretion de-
creases more quickly and to a greater degree than
does the plasma gold content.

Findings in the case of A. D. (Figure 2) are

characteristic of the results obtained when gold
sodium thiosulfate was given in precisely the same

way and in doses providing equivalent amounts

of gold, except that after the dose was increased
to an amount containing 50 mgm. of gold it was

kept at this level thereafter. In general, the
plasma and urine gold values are strikingly similar
to those obtained with gold sodium thiomalate.
The urinary excretion of gold on the day of injec-
tion was greater than on subsequent days, but usu-

ally less than occurred when gold sodium thioma-
late was administered. With this drug, as with
gold sodium thiomalate, the plasma and urine
values did not increase after the weekly dose was

no longer increased, even though gold was being
retained throughout the course of treatment.

Results obtained with colloidal gold sulfide were

exceedingly variable. Findings in M. R., the first
patient studied extensively while this drug was

employed, appear in Figure 3. Colloidal gold
sulfide was administered daily in amounts provid-
ing 182 mgm. of gold per week, which was much
more than was given either as gold sodium thio-
malate or as gold sodium thiosulfate. This patient
absorbed gold both from the intestinal tract and
from muscle depots when it was administered in
this colloidal form. The concentration of gold in
blood obtained usually every day (before treat-
ment was given that day) varied somewhat from
day to day; the average was slightly higher when
it was given orally three times a day than when

MG. 60
OF 40

GOLD20
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0/ .8
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GOLD IN PLASMA AND URINE
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FIG. 3. PLASMAAND URINE VALUES IN A PATIENT WITH RHEUMATOIDARTHRITIS TREATEDWITH COLLOIDAL
GOLDSULFIDE

During the first sixteen days 8.7 mgm. of gold were given orally three times daily; from the seventeenth through
the twenty-seventh day the drug was given orally in a single morning dose equivalent to the total daily dose during
the previous period; beginning with the twenty-eighth day this same daily dose was injected intramuscularly.

it was given in a single morning dose. There was

no difference in plasma concentration whether the
drug was ingested or injected. Except for the
first few days when the urine content was unex-

plainably higher, the average excretion of gold in
urine was about 1 mgm. daily. Thus with a

larger intake of gold given as colloidal gold sul-
fide, the gold concentration of the plasma was

significantly lower and the excretion of gold was

about the same as when only 50 mgm. of gold
were injected intramuscularly as a true aqueous

solution of either gold sodium thiomalate or gold
sodium thiosulfate. A significant blood and urine
content of gold existed for six weeks after the
last administration of gold sulfide. The studies
ceased at this time; how much longer gold would
have been found in the blood and urine of this
patient we do not know.

It should be emphasized that the findings in this
patient (M. R.) are not characteristic of others
treated with colloidal gold sulfide, but rather the
exception, in that both the plasma and urine con-

tent of gold was much higher in this patient than
in most others studied. This will be emphasized
again when average values obtained with different
gold compounds are contrasted (Table II). The
findings in this case (M. R.) show that some

persons do absorb gold from the intestinal tract
and from muscle depots when colloidal gold sul-
fide is administered. In some patients similarly
treated no gold was found in the blood or urine;
in most subjects studied there was considerable
variation in the values, but with rare exceptions
the values in both blood and urine were much
lower than were found in M. R.

TABLE II

The average plasma and urine gold values obtained from
analyses of many specimens from many different patients
during the latter part of treatment with gold sodium thioma-
late, gold sodium thiosulfate and colloidal gold sulfide.

The values for the combined oral and intramuscular
administration of gold sulfide are averages of analyses in
only one patient.

Gold in
Average urine
weekly Gold (twenty-

Preparation Route of administration intake in four
of Plama hourly

gold excre-
tion)

pe cent
Goldsodiumthiomalate Intramuscularly 50 0.44 0.75

(Myochryine) 25 0.33 0.63
12.5 0.26 0.23

Gold sodimn thiosulfate Intramuscularly 37.4 0.45 0.98
19 0.28 0.43

Colloidal gold sulfide Orally 60 0.07 0.21

Orall and intramuacularly 140 0.01 0

Intramuscularly 43 0.18 0.18

PT. M.R.
AUROLSULFIDE

'~ ~ ~ NIA///A// W.|S:S1111 1111-1111 I
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TWENTY-FOURHOURLY PERIODS FOLLOWING INJECTION
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FIG. 4. PLASMA CONTENToF GOLD BEFRF,i~ THE INTRAMUSCULARINJECTION oF GOLD SODIUm THIOMALATE
AND ONE, Two, FOUR, SIX AND TWENTY-FOURHOURSAFTER; AND GOLDCONTENTOF THE URINE FORMEDBz-
TWEENTHE TIME OF THE BLOODANALYSES

The vertical lines extending through the graph indicate the time of injection. The plasma values just pre-
ceding each line represent the blood gold concentrations just before each injection. Urine values for periods
longer than one hour are average hourly values determined from urine accumulating between times of plasma
determinations. Only the days of injection are shown; the intervening six-day periods are indicated by inter-
ruptions in the base lines. On the ninety-eighth day no gold salt was injected but the plasma and urine were
analyzed as on previous injection days.

Information concerning the absorption into the
blood stream, disappearance from the blood, and
the urinary excretion of gold was obtained by
analyses of plasma and urine during the first few
hours after administration of a gold salt. In
Figures 4, 5, and 6 are the results of such studies
made in the same patients whose daily findings
appear in Figures 1, 2 and 3. In every instance,
one hour after the injection of gold sodium thio-
malate (Figure 4) the plasma contained a much
greater amount of gold than was present just
before injection, and the plasma content was
higher as the amount of gold injected was in-
creased. Subsequent analyses during the twenty-
four-hour period showed plasma values essentially
the same as obtained one hour after injection.
Thus there was no quick fall in plasma gold con-
tent after the intramuscular injection of gold so-
dium thiomalate. The urine formed during the
first hour after injection usually contained more

gold, than in subsequent hours. There was little
correlation between urine and plasma values; for
example, on the twenty-first and also on the
twenty-eighth day the urinary excretion of gold
decreased during the twenty-four-hour period
after injection, while the plasma values remained
almost constant.

Results obtained with gold sodium thiosulfate
(Figure 5) were almost identical to those found
with gold sodium thiomalate, except that the urine
values were smaller and the excretion was slower.

The plasma contained different amounts of gold
at different hours in a twenty-four-hour period
when colloidal gold sulfide was given orally in
equal doses three times daily (Figure 6). This
may have been the result of an inconstant rate of
absorption from the intestinal tract or an incon-
stant rate of removal from the blood. On the
days when gold sulfide was given in a single
morning dose, the plasma content was more con-
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TWENTY-FOURHOURLYPERIODS FOLLOWINGINJECTION
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FIG. 5. PLASMA CONTENTOF GOLD BEFORE THE INTRAMUSCULARINJECTION OF GOLD SODIUM
THIOSULFATE, AND ONE, Two, FOUR, SIX AND TWENTY-FOURHOURSAFTER; AND THE GOLDCON-
TENT OF THE URINE FORMEDBETWEENTHE TIME OF BLOODANALYSES

The injections are indicated by the vertical lines extending through the graph. Plasma values
shown just before these lines represent the blood gold concentration just before the injections.
Urine values for periods longer than one hour are average hourly values.

stant; there was no significant difference whether
the salt was given orally or intramuscularly. Ex-
cretion of gold was greater during the first two
hours after administration than subsequently.
Again it must be emphasized that the findings in
this case are not characteristic of others treated
with this preparation of gold, most of whom had
much lower plasma and urine values.

Comparison of plasma and synovial fluid gold
content of specimens obtained simultaneously can

be made from the data in Table I. In some pa-

tients plasma and synovial fluid values were almost
identical, in others the joint fluid contained less
gold than did the plasma, in still others no gold
was found in the synovial fluid. Gold quickly
diffused into the joint space in some instances, as

results indicate in K. N. and the last value ob-
tained in C. K. (In each case analyses were made
four hours after an injection of gold.) This was

not true in other cases. The presence of a small
amount of gold in plasma and none in the joint

fluid of 0. J. ten months after the administration
of gold ceased indicates that gold did not remain
in synovial fluid longer than in the plasma. Syno-
vial fluid concentration was never significantly
higher than the plasma concentration. Differ-
ences in synovial fluid gold content, as compared
to plasma content, observed in different patients
may very well be due to structural variation and
permeability in synovium and joint capsule as a
result of differences in degree of inflammation
and duration of the disease.

The three gold salts employed in this inves-
tigation can be compared further by studying the
average values of many analyses of blood and
urine obtained to date from many different pa-
tients during the latter part of a course of treat-
ment (Table II)." Plasma and urine values were
higher when larger amounts of gold were admin-

6 As more data are accumulated with subsequent study,
these averages may change.
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TWENTY-FOUR HOURLY PERIODS
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FIG. 6. PLASMA CONCENTRATIONOF GOLD DETERMINEDAT SHORT INTERVALS
AFTER THE ORAL AND INTRAMUSCULARADMINISTRATION OF COLLOIDAL GOLD
SULFIDE

On the eighteenth day three equal doses, each supplying 8.7 mgm. of gold,
were given orally; on the nineteenth and twenty-eighth days 26.1 mgm. of gold
were given in a single morning dose orally, and on the thirty-eighth day, the
same dose was injected intramuscularly. Urine values for periods longer than
one hour are hourly averages.

istered either as gold sodium thiomalate or gold
sodium thiosulfate, but they were not proportional
to the weekly intake of gold. Average plasma and
urine values were comparable when similar
amounts of gold were given as the sodium thioma-
late or sodium thiosulfate salt (both crystalline).
These data also show the small amount of gold
that was eliminated in the urine during the period
of administration of these salts. Very different
results were obtained with colloidal gold sulfide;
the average values in plasma and urine were very

small, even though much more gold was given than
when the crystalline preparations were used. The
route of administration of the gold sulfide was

not a significant factor.
One of the most important results of this inves-

tigation was the finding of significant amounts of

gold in the blood and urine for a long time after
the administration of gold salts had ceased. A
typical example of this appears in Figure 7. This
patient was treated with gold sodium thiomalate
in the manner commonly employed, i.e., she was
given intramuscular injections of this drug be-
ginning with an amount which contained 10 mgm.
of gold and increased until 50 mgm. of gold were
injected. This dose was given weekly until the
patient had received over 500 mgm. of gold (1010
mgm. of the drug). Plasma contained gold each
time an analysis was made throughout the first
thirteen weeks after the last injection, and the
urine contained gold for sixteen weeks after treat-
ment stopped. Similar results were always ob-
tained in the many patients studied.

The length of time gold was found in plasma
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FIG. 7. SHOWINGTHE LONG PERIOD After TREATMENTWITH GOLD SODIUM
THIOMALATE (MYOCHRYSINE) DURING WHICHGOLDWASFOUNDIN SIGNIFICANT
AMOUNTSIN PLASMAAND TWENTY-FOURHoURLY URINE COLLECTIONS

After initial increasing doses of the drug, 50 mgm. of gold (100 mgrn. of the
salt) were injected at weekly intervals until 1010 mgm. of the salt had been given.
The last two injections and the corresponding plasma and urine values are shown.

is correlated with the size of the weekly doses of
gold sodium thiomalate in Figure 8. In the case

of those patients who received 50 mgm. of gold
weekly, the earliest the urine was found to con-

tain no gold was six months after the last injec-
tion. Some patients were excreting gold seven,

nine, and ten months after treatment ended. The
urine of three patients given weekly injections
of 25 mgm. of gold was negative three months
after the last injection. One of two patients who
received 12.5 mgm. of gold weekly until 160 mgm.

had been given excreted no gold in the urine one

month after the last injection. Although these
observations are not completed, these data indicate
that the excretion of gold continues for a long
time after administration of gold is stopped, and
that the length of time is approximately propor-

tional to the size of the weekly dose. It seems

very significant, too, that five of the six persons

who received large weekly doses of gold (Figure

8) had significant toxic reactions (lingering gen-
eralized exfoliative dermatitis, nephritis, stomatitis
and gastro-intestinal difficulties). None of the
eight who received 25 mgm. of gold weekly had
any evident toxic reaction to gold; one of the two
patients receiving the smallest dose had purpura
which disappeared ten days after the drug was
stopped. Hence, serious toxicity seems to be de-
finitely related to the amount of gold injected and
the speed of administration.

The results of plasma analyses were similar to
the findings shown in Figure 8, indicating that
gold circulates in the body for a long time after
its administration is stopped.

DISCUSSION

The data of this report are only the first results
of an investigation of the metabolism, excretion
and toxicity of gold in relation to its use in the
treatment of rheumatoid arthritis. Consequently,
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FIG. 8. SHOWINGTHE LENGTHOF TIME After TREATMENTWITH GOLDSODIUM
THIOMALATE3 THAT GoLD WASFOUNDIN URINE, CORRELATEDWITH THE SIZE
OF THE WEEKLYDOSE

Each line represents a different patient and is extended to the time of the last
analysis showing gold. When an analysis showed no gold, a zero is placed at
the time that the analysis was made. An asterisk represents a significant toxic
reaction to gold.

few conclusions can be drawn; at the same time
these results indicate the nature of some interest-
ing and valuable information which will undoubt-
edly be obtained as the investigation proceeds.
Already certain facts are evident, and similarities
of some gold medications and differences in others
are clearly shown.

Gold sodium thiomalate and gold sodium thio-
sulfate are crystalline compounds which have
similar solubilities and physical properties, and the
metabolism of gold when injected intramuscularly
in an aqueous solution of either of these two salts
is similar.7 The plasma and urine gold values are

much alike for each of these salts and, although
variations occur, the results are much more uni-

7 Animal investigations now being conducted further
emphasize the similarities in the metabolism of these two
gold salts.

form than are obtained with colloidal gold sulfide.
The lower values commonly found after the oral
and intramuscular administration of colloid gold
sulfide may be due to slower or less complete ab-
sorption into the blood. They may, however, be
the result of very quick removal of gold from the
blood and its fixation in certain tissue. Weare

at present studying the effects of the intravenous
injection of this colloidal gold salt. These inves-
tigations correlated with animal studies that are

in progress are expected to add much information.
The lower toxicity reported for this colloidal gold
preparation (which we are observing) seems quite
clearly to be related to the lower blood gold con-

centration and lower urinary excretion of gold
given in this form. Similarly, if benefit from this
preparation depends upon the circulation of a cer-

tain minimal amount of gold for a minimal length
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GOLD COMPOUNDSIN ARTHRITIS

of time, therapeutic failures are to be expected in
those persons whose plasma gold values are very
small or zero. These problems are being inves-
tigated further.

The retention of gold during treatment and the
prolonged excretion of gold after the intramuscu-
lar injection of gold sodium thiomalate and gold
sodium thiosulfate readily explain the slowly de-
veloping, but long-maintained apparent benefit of
gold therapy commonly observed. Similarly, toxic
reactions usually reflected as damage to the skin,
kidneys, liver and intestinal tract, which so often
appear late in the course of treatment or even
follow treatment by the conventional method of
injecting these salts at weekly intervals in amounts
providing 50 mgm. or more of gold, seem, in the
light of our results thus far, to be due to the
increasing retention of gold until it accumulates
in amounts sufficient to damage these tissues.
When such large doses of gold are given at fre-
quent intervals, significant retention of gold may
result due to its slow excretion, so that for many
weeks its damaging effects continue, thus causing
serious illness which may end fatally.

The toxic reactions to gold which we have en-
countered to date are of at least two kinds. Most
commonly, reactions have occurred late in the
course of treatment; these develop slowly and per-
sist for many weeks. These toxic reactions are
manifested chiefly as generalized dermatitis which
sometimes becomes exfoliative; in fewer instances,
they are manifested as nephritis. Thus far we
have encountered such reactions only in patients
who received many large weekly doses of gold
(approximately 50 mgm.). It is our opinion that
such reactions result from protoplasmic poisoning
effects of accumulated amounts of gold and we
believe they can be eliminated, or at least short-
ened in duration, by avoiding large, frequent doses
and thus preventing a large retention of gold.
Another type of reaction, which has been observed
to occur shortly after an injection of the drug
(not necessarily a large dose), is manifested as
apprehension, headache, flushed face and tightness
in the throat, or as a purpuric dermatitis due to
capillary damage. Such reactions are less com-
mon; they occur usually early in the course of
treatment, and appear to be manifestations of true
drug sensitivity and not due to protoplasmic, heavy
metal poisoning. Prevention of such reactions

will quite naturally depend on measures unrelated
to metabolic and excretory considerations.

In these studies, gold salts were given parenter-
ally only by intramuscular injection. The blood
concentration of gold will naturally depend upon
the balance between the speed and duration of ab-
sorption of gold into the circulation and the rate
of its removal from the blood into the tissues or
for excretion. Gold is absorbed and found in the
blood soon after intramuscular injection; for how
long absorption from muscle depots continues and
how completely, these studies do not indicate.
The importance of the absorption of gold is being
investigated further in humans by studying intra-
venously-injected gold preparations. Complete
excretion studies are also being made, including
daily analyses of feces for gold. Animal studies
are being conducted to learn the sites of the depo-
sition of gold in tissues.

The manner in which gold salts might produce
benefit, and the site of such action, are complete
mysteries to us. One naturally wonders whether
gold acts in some beneficial way at the inflamed
joints. In this connection, it is interesting to note
that gold was not concentrated in joint fluid nor
did it remain in synovial fluid after it had disap-
peared from the blood.

If gold might be therapeutically effective when
it is present in sufficient amounts in an active form
in the body, and if it acts as a poison when present
in excess of a certain amount, it seems reasonable
that the quantitative determination of gold in
plasma or in the urine might serve to regulate dos-
age and indicate the method of administration
which would effect dependable and safe therapy.
We are therefore studying this question with
great interest, but much more data than are now
available are required to prove or disprove this
possibility.

SUMMARYANDCONCLUSIONS

An investigation of the metabolism, excretion,
toxicity and manner of action of gold used in the
treatment of rheumatoid arthritis is being con-
ducted. In this communication, data concerning
plasma and synovial fluid concentration of gold
and the excretion of gold in the urine of patients
treated with gold sodium thiomalate (myochry-
sine), gold sodium thiosulfate and colloidal gold
sulfide are reported and their significance is dis-
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cussed. Although the studies are as yet incom-
plete, the following tentative conclusions are

warranted.
Following the intramuscular or the oral admin-

istration of these gold salts, gold absorbed into the
blood stream is transported in the plasma.

Gold sodium thiomalate and gold sodium thio-
sulfate injected intramuscularly in amounts sup-

plying equivalent amounts of gold result in similar
plasma gold concentrations and urinary excretion
of gold; and the plasma and urine gold values
vary with the size of the weekly dose but are not
directly proportional to it. When colloidal gold
sulfide is administered either orally or intramuscu-
larly, the plasma and urine values vary greatly in
different patients; some persons absorb gold and
have plasma and urinary values comparable to
those obtained with the other salts studied, but
most patients have very low plasma gold concen-

trations and excrete little gold in the urine, even

though colloidal gold sulfide is given in amounts
providing much more gold than is supplied in the
crystalline salts of gold studied. In some persons

no gold was found in plasma or urine after col-
loidal gold sulfide was given in large amounts.

Gold is eliminated in the urine very slowly.
Blood and urine contain gold in significant
amounts for a long time after administration of
gold; the length of time corresponds approxi-
mately to the size of the weekly dose of gold.

Toxic reactions were much more frequent in
patients receiving larger weekly injections of gold

sodium thiomalate or gold sodium thiosulf ate.
Considering this fact in the light of the metabo-
lism data, it would appear that many toxic reac-
tions result from retention of gold in amounts
sufficient to poison the patient and that such tox-
icity can be prevented by giving smaller doses of
gold. Our experience to date indicates that thera-
peutic results are quite as good with smaller doses
of these gold salts as with the conventional larger
doses.

Gold is not concentrated in synovial fluid; it is
present in joint fluid in an amount equivalent to
or less than exists in plasma.

It is hoped that with the further pursuit of these
investigations gold therapy may be placed on a
sound scientific basis and that, if its value is up-
held, laboratory controlled methods of administra-
tion may be developed so that this therapy will
become dependable and safe.
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