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GOLD AND ITS USE IN RHEUMATOID ARTHRITIS 

HISTORICAL: 

4 
Gold was probably first used by the Chinese in 2,500 B. c.

Its initial uses were as panaceas and it became a popular 

therapeautic agent. It was at this time that all chemists 

were attempting preparation of an "Elixer of Life'' using 

metallic gold. Paracelcus, in 1,500 A. D. recommended gold 

and mercury as a panacea combination. 4 

The first specific use for gold was apparently in the 

treatment of tuberculosis. Due to serious accidents, however, 

it fell into disfavor and it was 1810 before it was reV ived 

by Chrestien. 4 

During this period there was practically no disease for 

which gold was not used, and always with good results. 4 It

was commonly used in scrofulex, psoriasis, syphilis, sycosis, 

cutaneous affections, suicidal melancholia, mercurialism, 

dropsy, inflammation of the heart, vascular turgesence, cancer 

4 
and specific indurations. 

The first bacteria ogic experiments with gold were con­

ducted by Robert K&ch ( 890) who showed gold cyanide in 1:200,000 

dilution to be effective in arresting the growth of tubercle 

bacilli. He was unable, however, to show a similar effect in 

vivo using animals. 4 Von Behring further showed that the

substance above had, in serum, only one-fourth the effectiveness 

as in agueous solution. In 1913, Bruck and Gluck4 administered
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gold potassium cyanide I. V. as the treatment of skin tuber-

culosis and syphilis and reported good results. They were 

not certain, however, whether it was the gold or the cyanide 

which may have produced the results. Roov4 used the same 

compound in lupus vulgaris with good results. Junker4 used 

gold salts in pulmonary tuberculosis with good results. 

The increasing use of gold compounds was accompanied by 

many reactioni,however, so that the use in ttumans was coming 

again under disfavor. In spite of its toxicity, the reports 

of beneficial results led to seareb for less toxic compounds. 

4 Feldt , in 1913, showed a significant bacteria-static

effect of gold sodium thi� sulfate and MOllgaard 4 introduced 

this compound in 1924 as a specific therapeutic agent for 

tuberculosis and named it san�crysin. There was reported low 

toxicity but high effectiveness in skin tuberculosis and it 

soon found widespread use in medicine especially in treatment 

of pulmonary tuberculosis. 

In 1917, Feldt, now experimenting with organic gold com­

pounds, prepared the sodium salt of aminoa•romercaptobenzol 

and called it Krysalgan4 . In animal experiments it was shown 

to be definitely less toxic than previous preparations, but 

with a bacterie static effect equivalent to that of gold 

postassium cyanide. There were later conflicting reports and 

its eventually proven toxicity caused it to fall from use. 

In 1927, Feldt�introduced the disodium salf of sulfon-

methylamine auromercaptobenzolsulfonic aa (Solganol). With
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this introduction, gold again became popular--especially in 

the treatment of tuberculosis. 

Gold apparently found its first (reported)
4 

specific

uses in arthritis in 1927 when Lamde and Pick4 independantly

reported their results. Gold as a therapeutic agent in 

arthritis was actually popularized by Forestier when he pub­

lished his re�ults in 1929. The rational of Forestier� use 

of gold was Feldt's demonstration of an anti-infectuous effect 

of gold and on the mistaken assumption that chronic poly-

arthritis and tuberculosis were related. His results were 

good as were those of many other European workers. 

There was little interest in this country until 1936 

4 
when one of the earliest reports appeared. 

In addition to those listed earlier, gold has been used 

in the treatment of lupus (on mistaken assumption that it was 

of tuberculosis origin); Reiter's syndrome, osteoarthritis, 

ankylasing spondylitis, palindromic rheumatism, erythema 

induratum, psoriasis, epilepsy, asthma and multiple sclerosis. 

Its greatest use has been in tuberculosis, lupus and rheumatoid 

arthritis. 

The status of gold compounds has again come under 

scrutiJU"; with the advent of Cortisone, A.C.T.H. and similar 

1,6, 4 
steroids, however, as many writers point out the steroids 

have their limitations so that gold must not be merely dropped 

from a plaee of therapy of rheumatoid arthritis, but should 

be given critical careful. study. 
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PREPARATIONS AND CHEMISTRY: 

Metallic gold itself is relatively inactive. Gold com-

pounds, however, are quite reactive being easily reduced to 

metallic gold. Gold may occur as the mono-valent or tri-valent 

ion in compounds. Most of the clinically used forms contain 

the mono-valent ion. 

Gold compounds are divided into three groups: (1) water

soluble, ionized form, an example of which is gold sodium 

thiosulfate; (2) water soluble, non-ionized--gold sodium 

thiomalate; (3) water insoluble--calcium aurothiomalate. 

Presently used forms and their respective gold content 

follows: 

Sanacrysin - Gold Sodium Thmosulfate - 37% - Soluble in H2o

Aqueous 

Crisalline 

Aurathion 

Myocrisine - Gold sodium Thiom&late - 50% - Soluble in H20

Aqueous 

Aurocalcium - Gold calcium Thiomalate - 50% - Insoluble in H20 

Aqueous 

Allachrysine - Gold sodium Thiopropanol Sulfonate 

30% - Solmble in H20

Aqueous 

Lauron - Aurothioglycoanilide - 54% - Insoluble in H2o

Oil suspension 

Myoral - Gold calcium Thioglycolate - 67% - Insoluble in n2o

Oil suspension 

Solganol B-Oleosum - Gold Thioglucose - 50% - Soluble in H2o

Aqueous 

Auradextrin - Gold keratin compound - 8.1 4% - Insoluble in H20 

Oilssuspension 

Aural sulfide - Auric Sulfide - 87% - Insoluble in H20

Aqueous colloidal suspension 

There are reports9 that Sanacrysin gives pain at the

injection site. Whether one preparation is better than another 

is not definite. Black and Van Goor4 state that those compounds

with very few toxic reactions are of very little value. 
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METABOLISM AND BLOOD LEVELS: 

Black et al4 studied the absorption of various gold com­

pounds in the white rat following intramuscular injection and on 

the basis of these experiments, gold compounds have been generally 

classified as rapidly absorbable (soluble crystalline forms); 

slowly absorbable (colloidal preparations) and inter­mediate in 

absorbability (insoluble crystalline preparations). Water soluble 

compounds are probably rapidly absorbed and 

have therapeutic advantages2 • Colloidal gold preparations 

are Phagocytized rapidly by the reticulo-endothelial system and 

are therefore not as effective2 • 4 •

Conflicting reports have appeared on the rapidity of 

absorption from intramuscular sites. Lawrence6 reports that 

"gold compounds" are slowly absorbed from the intramuscular site. 

He does not differentiate between soluble cr�stalline and 

non-soluble crystalline and colloidal preparations. 

DrJ.1 
15 

makes the same statement. Freyberg4, however, has stated

that absorption from intramuscular sites is rapid. Lumiere and 

Leonet4 have shown that rate of absorption is re­lated primarily

to the solubility in water of the gold compound and that 

suspending it in an oil to prolong its absorption 

is without effect. This is contrary to Freyberg's4 findings. Black 

1 s 4 findings tend to support Luniere's and Leonet's 

findings. He has shown that the rate of appearance of plasma gold 

follows intramuscular injection parallel to the various 

preparations. Gold calcium thiomolate showed a slow, but 

significant absorption. 
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Bl�ck
4 

and others6 have pointed out that the gold is

bound to plasma proteins and is found, therefore, in the plasma. 

This has since been confirmed by studies using radioactive 

gold. There is a direct ratio of plasma level and the amount 

of gold injected. Bl.ock4 states that following injection of

soluble gold compounds, maximum blood levels appeared in one 

hour and remained high for twenty-four hours. He states that 

values for colloidal gold are lower. Mattu4 injected gold

sodium thiosulfate into rabbits and showed a 40% removal from 

the circulating plasma in forty minutes. The same compound 

given orally showed a maximum plasma concentration in twelve 

to sixteen hours, with traces only at the end of fifty hours • 

Bl$ck's findings do not correlate well with those of 

Lawrence6 who reports maximum blood levels of 2 mg% by the

fourth weekly injection. He also found that following therapy, 

blood levels fedl slowly reaching one-half the final level by 

week nine. Gold was still detectable in the plasma four 

m onths later. It can be detected up to ten months following 

injection and can be found in tissues as late as three years 

following therapy. This agrees with Fre,berg's4 findings that

plasma gold can be detected as long as fifteen months following 

therapy. Of the gold that is absorbed 20% is rapidly excreted 

and 80% is fixed in the tissues15 •

Crystalline compounds concentrate in greatest degrees in 

the kidneys, liver and spleen in that order. That found in 

the heart and lungs is insignifiaant. Bl�ck4 feels that the
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the increased amount in the kidneys represents presence by 

excretion and not deposition. This feeling was also expressed 

by Gilg4 •

Elftman4 studied by histio-chemical methods, the dis­

tribution of gold following intra-peritoneal administration 

(in rats and guinea pigs) of soluble gold chloride and found 

the highest concentration of gold in the kidneys (protubule) 

and in the Kupfer cells of the liver. He also found appreciable 

amounts in lymph nodes, spleen and lungs. He claimed that 

the histiocytes had an extreme affinity for gold. 

Bertrand et al4 has claimed passage of gold from the blood

to the central nervous system and ocular structures.of the 

rabbit. Roberts4 has also found this to be true •

however, found gold only in the central nervous system, 1 s 

vascular system and found none in the brain substance itself. 

He also showed a great uptake of gold by the synovial tissues. 

Bertrand showed a greater uptake of gold by the synovium tendons 

and articular cortex of patients with arthritis than in these 

structures of people without arthritis. Freyberg4, 7 found 

synovial fluid concentrations slightly less or equal to, but 

never greater than that concentration of gold in the plasma. 

Lawrence6 speculates that since large molecules can leave

the vascular system only in the presence of damaged capillaries, 

higher concentrations of gold are initially found in areas (joint 

tissues) most affected by the disease. 
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EXCRETION: 

Gold is slowly excreted for many months following the 

last injection. Freyberg4 studying the excretion of gold 

sodium thiomalate, gold sodium thiosulfate and colloidal 

gold sulfide found excrEtion to be greatest during the first 

twenty-four hours following injection. He found a �irect 

ra tio, but not a direct proportion of gold excretion to gold 

adninistered. He also found that the greater the amount of 

gold injected, the greater was the tendency for the body to 

retain greater amounts. 

Bl0ck4 , Kent and McCance4 working separ•tely have shown 

that crystalline gold compounds are largely (84%) excreted in 

the urine, whereas colloidal preparations are largely eliminated 

via the feces. Insoluble gold calcium thiomalate is largely 

eliminated by way of the feces also. The absolute per cent 

of the excretion in the feces is apparently no different for 

the soluble crystalline preparations on the one hand and the 

insoluble orcolloidal preparations on the other, but as so 

much of the colloidal and insoluble forms is retained by the 

reticule-endothelial system that that portion that is excreted 

(small) is excreted via the feces. 

Explanation for t�e greatest excretion occuring in the 

first 2 4 hours may be that in these early hours the gold is 

in �n oasily excretable or combined in a less excretable form, 

of course, much of it after the first twenty-four hours has 

probably been phagocytosed by the reticulo-endothelial system, 
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hence less is available for exlretion. Gold thioglucose suspended in 

oil showed greater excretion levels as treatment progressed. This vras 

not observed with aqueous preparations. 'Ihere was aiso marked retention 

of this preparation. Insoluble and colloidal preparatLins of gold com­

pounds showed only scant urinary excretion, most of what was •liminated 

being done so in the feces. 

Bleck4- found that those preptratlods most rapidly absorbed were the 

ones most rapidly excreted. ft-eyberg reported the quantitative retention 

of coll(iidal p,eparations as 99% ang that for soluble salts as 77 - 88%. 

These retention values may expllain the occurence of tone reactions lGng 

af'ter treatment has been discontinued. 

METABOLID EFFECTS AND MODE OF ACTION: 

Block and Knapph studied the effect of various gold compounds 

on exygen ccnsumption of the rat kidney and liver. Soluble ionized com­

pounds {gold chloride and goUi sodium thiosulfate) inhibited respir­

ation of both the kidney and liver. Extreme dilutions had no effect. 

The effect was biUieved to be due to the action of gold ions. The effect 

on the kidney was greater thab that on the liver (which might be expec­

ted from the £act th8t the highest concentration of tissue-bound gold has 

b'°en f oond to be in the ki�. Those colTlpounds which have no in.li.ibit:i.ng 

et'fect on cellular respiratior (sodium succ:i.nimide aurate, gold sodium 

thiomalate, gold thioglucose, produce the least number of side reactions. 

Goldalso inhibits choluiesterase in horse serum or leech muscle. 

'Ihis is probably an ionic effect as more dilute solution s produced 

greater inhibition. Gold chloride and goln sodium thioma.late have been 

shown to also inhibit brain j)yruvate oxidase. Tyrosinase is inactivated 

by gold chloride a� the inactivation of irwertase by tyrosine is ac­

celerated by gold ions. The inacti�ation of tyrosine may be on the 
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basis of competition against g6ld. In rats, gold decreases the ascorbic 
'!'I 

acid ccntent of the plasma, a phenomenon which some feel to be the 

basis of toxid reactins. It h8s also been shown that gold decreases 

ascorbic acid content or guinea pig plasma" In fact the ascorbate con­

tent of all tissues is decreas�d. The liver and adrenals were 2ost 

affected. 'llle mechanism which is re�onsible for reducinR plasma and 

tissue ascorbate is not known, but Zwemer and Elftman4r el chat it may be 

a part of the generalized toxic react L n. 

Cortell and Riehards4 Denko and Anderson have shown cross tolerance 

with certain of the gold comp<tmds. 

As can be eppreciated frClll the �erous metabolic effects exibited 

by gold, the mode of act on ia unknown, though there are numerous spec­

ulations. 

Many-2,5,6, feel that the high cncentration of gild in arthritic 

joint tissU1Js when gold is giTen, is explained by the escape of the 

gold thrat1gb damaged capillarj"s in these tissues. This is believed sinee 

the gold protein molecule is j)rbably quite large and large molecules es­

cape from the vascular system only n the presence of damaged capillarj:es. 

'!he bactericidal el'fect bf gold when used n the early. years for the 

treatment of tuberculosus was believed by MoJlgaard to e the result of 

a specific affinity of gold ror tuberculous foci, though his own pro­

ducts showed no in-vitro ef.felct. 

Feldt� thought that gold had a catabolic effect, influencing 

metabolic processes and hence promoting healing. Many, including Feldt,

thought that gold stimulated the reticulo-endothelial system and there­

fore increased the defensive powers of the patient. Bussu and Sachet4

feel that they have demonstrated a reticule-endothelial stimulating 

effect of gold. This theory is still popular, but as yet is unproven. 
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Still others .feel that gold has a diuretic effect and produces s ome 

responses through the increased output of water. 

It has been definitely shown by Rathbard et a14 that fold soilium 

thiomalate is chemotherapeutic against hemolytic streptococci in mice 

in vitro, though the in vivo studies are not convincing. Gold protects 

mice against lethal doses of other fonns of streptococci. 

Hartung and CatlerU found the serum of patients being treated with 

gold to be bacteriostatic for hemolytic streptococci. They found no 

increase in agglutination titers which would not support the earlier 

mentioned theory of reticult-endothelial system stimulations. 

A group of pleuro pneum♦nia-like organisms can produce in mice 

a polyarthritis similar to-but not identical to-rheumatoid. arthritis 

in man. This induced arthritis is used as an aid in evaluating various 

possibilities o£ therapeuti• agents and their effectiveness. Sabin and 

warren4 have completely cured mice polyarthritis with gold s alts. Their 

response occured only if thfrapy was begun early before cartilage 

destruction had occuredJ .results were poor if therapy was begun too late. 

Colloidal gold bismuth salts, arsenic and antimony failed to give such a 

favorable response. Except for gold chloride, which was found too 

toxic, almost all other gold prepatations fave a good result. The authors 

did not feel that the effect of the gold was an antibacterial action as 

they- found that in vitro, o1'ganisms (pleuro pneumonia-like) when grown 

in a media containing gold salts, did not lose their ability to produce 

the polyarthritis and disease. The effect of counteracting the polyarth-

ritis depends upon the concentration of actual gold in the compound. 

Libesenh theorizes that gold may tie up suli'hydril groups important 

in tissue enzymatic processes and hence alter cellular metabolism. 

This, he feels, may explain some of the feneficial results reported with 
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gold and some of the toxic reactions. 

It had been suggested, as there seems to be a relationship between 

rheumatoid arthritis and steroid metabolism, that gold may have some 

effect on the adrenal glands, reflected in 17-ketosteroid output changes. 

Bruce and Mackq7 undertook a study to see whether there was any change. 

'lhey selected 16 cases w ho l:tJ" their activity and E. s. R. were expected 

to respond. Their findings were that gold does not elevate 17-ietosteroid 

output, but, on the contrary, in some cases the values approached lower 

l:imits of normal, findings \fhich supported Hench (1949). Their con­

clusion was that any impro-viement in the arthritis with gold therapy 

cannot be attributed to any alterations of steroid output by the adrenals. 

'!hough felt to be of no signig:icance in humans, Brecher and Waxler4 

demonstrated a weight gain in mice receiving gold thioglucose. There 

was centro-lobular fatty idf'iltra:t.iom found in the liver. 

Kersley, Mandel and 1e.:rlrrer4 point out that Selye, in 1950, postulated 

that certain 11conditio.ning factors", both exogenous and endogenous,may 

affect some of the responses of the General Adaptation Syndrome or 

target organs themselves. As an ettample, sodium favors the production 

of mineralo-corticoids, acting at the adrenal level of the response. 

Previously Se]J';e had stated that sodium-rich diets favor production of 

diseases of adaptation, and acidifying salts tend to prevent these chahges.

The authors point out that maey stresses--toxic drugs, hepatitis, 

starvation, pregnancy-produce amelioration of symptoms of rheumatoid 

arthritis and postulate that gold may act in this way, especially since 

the arthritic symptoms dec�ease when toxic signs appear. 

They conducted an expet-iment, therefore, to determine if a low 

salt diet and an acidifying salt would potentiate the effect of gold 
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therapy in rheUlilatoid arthrttis. The conclusion of the e:xperiment was 

that the above regimen had no potential.ing affect of gold therapy. 

There was also no correlation of aI'.11' liver function changes and improv­

ement of the arthritis. 

As mentioned above, stress situations are often beneficial to the 

arthritis. Two such stresses are pregnancy and jaundice, common to 

both of which is a marked �emia as noted by Riddell 4. He could show 

no plasma lipid changes, however, in gold treated patients. Gunter and 

Ivy4 failed to show any liver changes from gold therapy. 

The effective portion of the oompounds is apparently the gold, as 

many experiments have tended to show. Some such experiments were those 

of Preston et a14
., who failed to show that sulfur must be present with 

the gold for the salt to be effective. 

Finally, as Drill point� outl5., the major difficulty in establishing 

the mechanism of gold effect is our lack of understanding of the 

etiology of rheumatoid arthritis. 

DOSAGES: 

Gold compounds used in the treatment of rheumatoid arthritis are 

given by intra-muscular injection, preferably in the gluteal region. 

1'he actual amount given., the time over which it is given., and the 

spacing of individual injedtion varies considerably, but the programs 

are divided into three gen•ral cata.gories: 

l)Beginning with small amowtts, and increasing them progressively until

a moderate acceptable dosage is being given.

2) Beginning initially with the moderate dosage and maintaining this.

3) Beginning with relativel, large doses and adjusting subsequent dosage

to objective responses of the patient.
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'lhe first plan is demonstrated by RamosD observation that before 

1945 the general plan of treatment was 10 mg gold salt each week for 

four weeks, then 25 mg each week for four weeks until a total of l to 

2 grams had been given. A rest period of 2 months was given and the 

procedure repeated until rem:iJssion occured. Since 1945 he reports that 

the routine program is 25 mg of gold thioglucose every four days for 

six weeks, 25 mg every 2 weeks for six doses, 25 mg every three weeks 

for six doses, and 25 mg eve"J!y four weeks for up to two years. 

Preusel reports a program begiming with it) :mg myocrisin for the 

first dose, and then increa•ing to 20, 30, 30, 40, and 50 mg doses 

at weekl.y intervals, the la.st dose being repeated four times giving a 

total. of 380 mg of salt having been given over a perioa of 10 weeks. 

It has been reported9,l that a few authors give 15 to 25 mg of

gold salt initially to be followed by a 50 mg maximum.weekly dose, but 

that the most connnon :grogram tod� 9,4 is 10 mg the first week,25

mg the second, .50 mg the thitd, and the 50 mg dose being repeated each 

week until 1 to 2 grams have been given or until response has been 

obtained. The patient is then maintained on a dose of 25 to 50 mg 

every two to four weeks indefinitely. A total dose of over 2 grams 

without response w ill probably not yield a response. 

In mild cases or in cases of 8Jspected sensitivity, it has been 

recommended that one not exceed 25 mg each dose. In stubborn cases1

one may have to go as high as 100 mg each dose. 

BlQck and Van Goor4 repbrt that if there has been no improvement 

after a total dosage to 1 gram. , there will probably be no response. 

If response has oecured, one continnes with individual. doses of 50 mg,

but gradually spreads the i:rttervals. They feel that under the former 

practive of stopping the above regimen for a two month test, then 
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re-starting another course of therapy, gave too high a relapse rate. A 

present method therefore, follctwing remission, is to continue with 

50 mg injections every two weeks for six to ten injections, 50 mg every 

three weeks for several months, and finally 50 mg every month for six to 

twelve months. This is one form of maintenance therapy. 

Kersley, N.andel and Jeffrty report the use of intra-muscular calcium 

aurothiomalate begirming with an initial shot of 10 mg., 25 mg. for two 

doses at weekly intel"Wlals and then 50 mg. each week until one gram has 

been,;iven over a period of five months.

Kaliomald14 placed 173 patients on a regimen t>f 50 mg. initially and 

every week for ten to twelve weeks. When the total dosage received 

reached 500 mg., 50 mg. each inbnth was given as maintenance therapy.

Lawrence6 pomnts 01m that Sabin end Warren in 1940 showed in animal 

experiments that the therapeut�c effect of gold is proportirmal to gold 

dosage. The author feels that the results of FreytJerg and Comroe using 50 

mg. per week as the effective top dose are poor and favors a program of 

100 mg./Kg. given over the phortest possible period. The �uthor placed 

several patients on �eJti.mal dosage based on the erythrocyte sedimentation 

rate or plasma f'ibrinogtm level. The values for t _esc tests were taken at 

monthly intervals and subsequent dosage related

to these. As an example, a p�tient with an sed rate of 50 nnn./hr. 

received 200 mg /week until the sed rate fell to 25. If the sed rate was 

20, 100 mg./week and if the sed rate was 15 mm., 50 mg./week gold

was given. Therapy was contiltued until the sed rate was the same value 

for two cnsecutive months. 3; found that plasma fibr::i.nogen levels was 

a better guide to the activitt of the disease than the sed rate. The 

author feels th.s.t the incidence of toxid reactions was markedly reduced on 

this pt>ogram. 
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Block and Van toor4 hol.wever, point out th t th.::re may be ell ical 

improvement of the disease be fore the sed rate falls, or even without 

a fall. 

As to the total amount of gold that should be given a patient, beliefs 

vary widely. Cecil believet that no limit should be set. Ra gan and 

Tyson, hC1Jever, contBBd that two grams of gold salt should give a resJonse 

if the patient is going to Despond 11.nd that this figure should not be 

exceeded2 

'lHERAPEUTIC RESULTS: 

Du.ring the last twenty :,ears, ,:old salts have been used mor2 in 

the treatment of bheumatliid arthritis than in aey other disease. For 

the evaluation of theraw, the American Rhemnatis:m Association in 1949 

established various elassifiaation s for standardi-zation2. 

Classification of Rheumatoid Progression: 

!-;:& Muscle E:z:tra Articular Def orm.ities 
Atrom Lesmons 

1) Osteoporosis 0 0 0 0 
No destructive
change

2) Porosis nth
sl. destruction/Adja�ent Vay be 0 0 

3) Partilagenouit Extelsive ti SubluxativJi, 0 
& bone des- Ulnar dev., 
truction Hyperextension 

4) As 3) with II It II Fibrosis or 
ankylosis ankylosiis 

Classificatio of Functional (Japacity: 

1) Complete: - - - - - - - - no handicap.
2) Adequate for norm. activities: - - despite handicap or discomfort.
3) Limited: - - - - Little of none of usual occupation or self care.
4) Largely or Wholly: - - - bl9drid en, wheelchair, little or no self care.

It was apparently" hoped t!lat future reports on therapy '-'fOUld clas­
sify the paitents according to the above chart so that a nore standardised, 
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exact e'goluation of therapy cwld be made. 

The first published repol½.s on gold therapy in rheumatoid arthritis 

appearEid in 1927. Lame and Pi.ck reported their results independantly. 

Lande had t-,ee.ted fourteen pat[ents and wii.h good results; Pick had treated 

two with poor results. 

Forestier appears to be the first to report in 1929, on a large 

series of ca es, and is respoilsible for the popularization of gold therapy 

in bbeumatoid arthritis. 

Following is a chart .fro:1 IU.octh shoring the vari .;us authors and 

their results. 

Author: Yr. # 
cases 

Cured or 
martedly 
impJoved 

Moderate to Somewhat 
slight imp. improved 

Relapse Toxicity 

Forestier '35 550 50% 20% 25% 
Pemberton '35 100 5()% 38% 
Hartfall '31 780 6t% 19% 21% 42, 
Copeman & 
Tegner '37 70 58% 13% 26% 
Snyder '39 80 1.3% 48% 
Cecil 142 245 66% 20% 42% 42% 
Price & 
Leichtentrill 143 101 6o% 55% 38% 
Rawls ,44 100 �% 33% 42% 
Cohen ,45 259 48% 40% 10.3% 
Oren 146 J.50 90%. 4.�
Ragan & 

34% Tyson 146 1.42 �% 39% 75% 
Robinson 146 200 76% 
Cohen 148 216 53% 27% 27% 

Sundelin 148 2441 90% 50% 

Nyst:oam 1 ,0 620 62% 40% 
Gilbert & 
Moore I 50 21 24% 66% 38% 

Our Clinic 
Patients: 1 4J.� 86% 66% 70% 

From the chart it can W seen t;b.&t the over all rate of response was: 

1 Cured or markedly improve4. - - - - - 53; {2533 eases) 
2) Moderate improvement - - - - - - - - -27% (2533 cases)
3)Somewshat Improved - - - � - - - - - - 83% (3512 cases)

The average relapse rate was 34% (1238 cases). 
The average rate of toxic relctions was 40% (5716 cases) 



All o:f the above suudie::: represent studies in which no control

group was used and the figurts correspon somewhat to those repor.ted in 

the -fenth Annual Rheumatism ieview2 in which data was collected. on l1t2

patients who had h d a sing)J course of 500 mg .. Their figures were: 

l) Marked Subjective Improve$ent - - - - - - - - 55%
2) Marked Objective Improvem•nt - - - - - - - - 50J
.3) No Improvement - - - - - - - - - - - - - - - -11% 
4) Asymptomatic ��r 45 to 78 months - - - - - - -lJ%
5) Relapse (in five years) - - - - - - - - - - - 75%

Of these reports, 80% of thosie who did relapse had a second remission.

Browning et a14 reportiag on forty seven patients follomid for at 

least eighteen months following gold therapy- showed 23% had continued "'m­

provement and 62% no change.. He concluded that gold bhera.py gave no 

lasting benefits and that it was in efi'ect no better than general and 

orthopedic care .. 

Egelius followe.d pai.ieni.;s up to five to twelve years following 

their therapT and ·ound that 59% of the males and 39% of the females 

treated showed lasting improvement. The init.ial results following therapy 

we:ne 75% and 80%. He concluded theit the �nitial improvement was no 

indication of lasting resul s. Re also felt that males benefited more 

than females from godl treat•ent. 

It has been 'reported9 ti.at 50% of patients can be expected to be 

much improved ail the end of three months.. In one series, 24 of 26 patients 

inproved and in another 26 of 29 improved. 

In one study conducted 1n Swede, of 620 patients treated, 61% of these 

responded to eeatni.ent. Of these 70% had had the disease five years 

or more. 

RamoslO reports loss of pain in 84% of patients und.:r gold therapy 

folloWing the first two shote. Also fo lowine; the .firtt- two shots, there 

was noted: Return of c9D1Plete mobility in 58% and eomplete rehabilitation 

in 47%. By at least the t-«elfth shot, he reports that the majority of 
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patients f-ound o worsening tf their condition by barometric changes. 

During his study-, his paitents all received physio-therapy. 

Results reported in .American and European literature on h086 

cases shows a 61% arrested or greatly i.'llproved rate. 

Brown and CuITie3 in as,essing at three months and one year, pati•nts 

who had received gold, failed to fi.m any evidence of benefit from the 

treatment. This confirmed Short, Bechmand and Bauer's findings of 19h6, 

who had concluded the same. 

Fraser in 19454 gave 57 patientls Myocrisine and a placebo to46. 

His results were as foll01'8? 

Clinical Improvement: 

Greatly improved: 

Moderate improvement: 

Slight imporvement: 

gold - - - 82%
conti,ol - 45% 

go:L__. - - - 42%
control - 8% 

gold - - - 21%
control - 13% 

gold - - - 19%
control - 24% 

Though these results appear very gooil, Fraser felt that the results were

exceptionally high. 

Adams and Cecil, however, in 19$0, eported on cot-:r·iU studies of 

189 patients, all earlv and who's results showed a 66% remissiJ rate 

ingold treated patients as c<:tipared with 24% in conventionally treated 

patients. The ralapse- rate was tne same (30%) lhn both roups. They also 

found that the gold treated group repponded earlier, seven months a s  

opposed to seventeen months of the control group. Their conclusion 

was that gold, when given witbin the first year of the disease produced 

more and earlier remissions. 

Another sil'ild.y showed 51.1% of 4S5 patients responded, whereas response 

rate to conventional me hods q s 15%. 
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In other studies using control graups, findings are less 

encourag­ing. Marliss4 in 1951, studied 72 pat�nts, 28 of whom received 

gold and 44 a placebo. He reports a subjective imprOYement of 37% ingold

group as COl!lPared with 43% of the conttol group. Objective impD17Vement 

rates wee 11% and 13% respectively. Another study showed a net im­ 

provement in gold treated patients of 23% as compared with a 53% net 

improvement in the control group. Other authors9 report similar re­sults 

whether gold, copper salts, arsenic preparations or conservative therapy 

is used. 

Snorrason of Denmark evaluated gold therap in p;tients with

rheu­matoid arthritis after one ye� and again gain at ten years in 295

patients as compared to 169 who had be�n treated witr conservative 

management. 

He found that in those patients with capsular involvolvement 77% of those 

treated with gold were arrested at four years as conipared to 22% of the 

control group. At ten years� however, there was not much difference and 

both groups showed progression. 

Of' seven cases in our clinics 1tho 1 s charts were reviewed, 6 of the 7 

or 86% showed some improve!l�mt. Those shovring marked improvement, however, 

was 43%. Of the total patients that did respond, f'our had relapses during 

or following discontinuance of therapy. This represents 66% of those that 

responded. 

LawNmce6 points out that Sabin and Warren in 1940 sho;v-ed by animal 

experiments that gold effect is proportional to the dosage. 

Results of the effect of maintenance therapy also veries. In one 

study2 fif'ty patients recei-ring gold were eompared with sixty two 

re­ceiving conservative therapy. There was a 21% arrested rate :iJm the 

i'irst. as compared with 10% in the latter. Marked improvement vras 36% and 

19% respectivily.  Unimproved was 19% cam.pared with 4h%. Other reports 

have not been this favorable. 
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Relapses o�cur quite fiteqttentl;y. As shown by the chart on page 

17, the average relapse rate of man:, authors w s 34%. Other rigures 

have been 75%2 , JO% and our ovm relapse rate being abou 66% of those 

patients who initially responded tog ld. Various estimates show that 

a relapse. rate of 50 to 80% should be expected when one course of gold 

therapy is given and then ditcontimted. Many receive a second remis­

sion, possibly as high as 80�� of those who relapsed, but the second

remi sion may not be as markdd as the :tirst. 

Short and others in 1948 ha se med to car.firm the findings o.f Browning 

and other s of 1947 'that the rejapse rate was greater if 

too low a dosage were used6. Ramos1£> on a program of increasing dosage 

to maximum of 25 Mg. each month over a period of about 26 months and 

continuing with 25 mg. every onth up to two years �ra:tion� found only 

three o.f 36:tcases relapsed. 

Block and Van Goor4 pu.t forth several reasons to account for the va­ 

ried r.:::ported results: 1) The cause of rheumatoid arthritis is un-

known. 2) There are normally jelapses and remissions in the course of 

rheuni.atmmd arthritis, 3) The ode of ection of gold preparations is unl'nown. 

4) The compounds resently used very in physical and chemical properties. 5)

The side of the dose varies. 6) Intervals between in-

ject ons vary. 7) The diagnosjjs may net. always be cor:·ect. �) Evaluat1.on of

response to therapy is basic ally dependant upon the p�tients sub­ jective

improvement.

There are two indications for the use of gold compounds in joint 

disease. The first is a defitltte diagnosis of active rheuma. oid arthritis 

and the second, palindromic :rheumatisa. Many authors2,9,lO feel that one 

may treat the rheumatoid patieitt with conservative measures for �nly 

a short period of ti.lie b fore using gdld, while others feel thgt gold 

is a last resort. RamoslO feels that gold can prevent eri2pling if used 
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early anct recommends that iI1 ac,ive cases, that they are b st treated 

within one year from the onset o� the disease. others recommend be­ 

ginning therapy no later than 2 years from the onset of the disease. 

It is interesting that of our own patients treated with golo., a 

36 white f.emale who displayed probably more marked response i-o  gold than 

any of .)Ur patients, had had the disease three years, while a 29 year 

white ma.le, who had had the C isease onl7 11 months received no benefit. Of 

the patients who showed improvemt on th�py, one had the disease 

13 years, another 50 years, .=--.nether 8 years, another .3 years and the 

last, four months. Of these the 4 month, 8 year and 50 y:ear relapsed. 

To help :etermine activixy and therefore the choice ef those who 

should reeevie gold, Ramoa10 suggests that the following may be helpful: 

X-:ray is not ri.liable, the sedarate is usualJi elevated, there may be 

decreaset total serum proteins with albumiglobulin ration reversal,

increase in plasma fibrinoge� and a positive thymol turbidity; 92% of 

patients wit adult rheurnatid arthritis giv. positive aggrutination of 

seasitized sheep cells and finally "there may be an increases serum 

polysaccbaride/protein ratio. Ramos feels that one should be certain 

that rheumatic activity is present ana that one should not subject the 

p�tient to years of gold therapy. 

There is general agreement that the decision to use gold eompounds i1 

the treatment o.f rheumatoid artbt'itis is to be made by the doctor 

and the pa�ient together. 

Contraindications to the use of gold co:npounds are several, but 

probably the one t-o always remember first is previous reaction to gold. 

Other contraindications are severe diabetes melii;us, disseminated .i..upus 

erythematosis, nephritis, ulcerative collitis, hepatic damage, blood 

dyscrasia, and hemorragic tendaney, pregnancy { because symptoms 

decrease a.ur ng pregnancy). Any diabetic patient should be treated 

care-
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fully-. Vascular hypertension lnd chronic valvular disease are not contra­ 

indications. 

The effect o c.:imbining e;old compuunds with steroids was not, for this 

paper, investigated exten�i.ely-, Of those reports read, results varied, 

some authors finding if,:proved results, othe� not. 

TOXICITY: 

Ramos10 states that most �eactio1s occured in his series cluring the 

ff:'st siJC weeks or during the �dminist.ration of the first 250 mg. This is 

not born out b � our awn p tti.ents who's average toxic dose was 640 mg. or 

greater. The incidence of toxic reactions varies fro 4.6% to 62%. 

At least 25% of all cases teea.ted e)[l)erience some form oi' reaction. The 

incidence, depending upon the prepa1tation used, does not vary greatly; the 

values given as 39% fo sodilllll thiomalate; 31l for thioglucose and 21% for

calclium thioma.late. Reas(jns for the variation in reports of toxid

reactions are probably the p?"eparation used, dosage and program, 

care­lessness in therapy (especiath dis]jegarding warning signs). Also,

some authors report only severe reaction�. 

An 19hl Sundelin publ1shed reports containing the ate of toxid 

reactions in tuberculosis patients receiving gold. He reportad n 

incitience of an average of 5Jt. In 3002 cases of joint disease re­  

ceiving �old the tond reacti�ns occ•red in 49% of the patients. In 

730 patienst of his own, he reported an incidence of 52%. Cecil , in 

reviewing 245 cases had an incidence of 42%. In one study using a control 

group, 37% of 49 patients re�eiving an inert placebo had toxic reactions. 

Caf ea reported an :incidence o f 10. 3% but these ;vere only severe 

re­actions. In a later report� Sundelln, reporting on 2h41 cases, had a 

toxic incidence of 50%, 415% severe. Suanberg8 reports an incidence of 
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The incidence of se ere react ons as just mentioned is about 5%

Mortality in 1935 was 3%. L'his has fallen to a present level of 0.4%. 

Block and Van Goor& classify the types of react�ons into three gDlups: 

1) The nitroid or focal , 2 ·,Parenchyma.tous cell poisoning and 3) Allergic.

The first or focal type is charact rized by the development, in from a 

few minutes to ours, .folla.rl.ng the intitial injection, of transient 

vertigo, giddyness, flushin1· of the face, headache,1and oecassionally, 

syncope. These react:Lons may per, ist for a few hours. The most common 

focal or nitroid reacti.on is a '.'ll.ild elevation of body temperature, often 

with a mild exacerbation of the disease which may last several d;p:ys and 

is considered a good prognostic sign. None of the react ons of this 

group contraLidicates continuance of the therapy.

Lallrence6 reports three instances of urticaria, erythema and fever 

with aggravation of the disease twelve days a£ter therapy was began and 

ref erred to this r act on as a serum sickness-like react �.on. 

The second g".'oup or cell poiaoning, usually affects the liver and 

kidneys. Severe cases of liver damaRe are rare. Ha.rtfall, in 900 cases 

had on y 13 cases of severe jaundice and two deaths. One death WRS due 

to acute yellow atrophy snd he feels problply represented rare suscep­

tability. Many authors have observed jaundice with or without hepatitis; 

the jaundice being le s severe th_an that just described. HArtfall had

50 cases of moderate jGundice and 22 with sligh jaundice. Of his 

900 cases mentioned previously, eventually 85 developed at least some 

jaundice. However, three of his potients who were not receiving gold 

also d veloped jaundice. Gunter and Ivy failed to sh'Gw any liver changes

attributable to gold therapy. In his report of reactions in 90 patienes 

Lawrence6 reported one case of jaandice. Some authors feel th;t jaundice 

seemed to aid the remission. Others have f,Jn<i opposite results and o.eny 

this. 
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Severe reml damage is also ra re. Wright reported severe protein­ uria 

durng gold therapy and the pati nt died 18 months la.ter of nephritis. The 

author po�ts out that th patient l'fc,.S 73 and guestions whether the gold

really sigmifica.ntly contribut,ed to his death. Rect has also 

reported deaths from renal pathosis in patients on gold therapy. Frey-berg 

has found renal damaf'e only when large doses of old were used. Mathers has 

reported cases of nephritis which have cleared in three weeks. 

Forestier believes that renal insu f:t'icieney occuring during gold therapy 

is the result of suscpptibility of the patient to gold. 

Slight, transient allbuminuria is frequently observed during gold therapy 

and usually clears soon follOWing diecontinuance of therapy and leaves no 

permanent renal damage. Freyberg has reported casts and hr­maturia. Cecil 

has noted marked albuminuria in three cases which did 

not develope renal pathosis. Hartfall found that 13 of his 900 patients 

developed albu,irl.nuria and only 2 were sever and persistant. There were 

no deaths fro� renal damage. 

Cortell and Richards4 showed, th their satisfaction, that albuminuria 

diap:ppears wit the development of gold tolerance. -They felt that the 

tolerance was the result of the development of epitheliar resistance to 

the damaging effect of gold salts. Kalliomaki had an incidence of 1 to 

8% of patients showing prot�inuria. There is general feeling that mild

t

transient albuminuria aoes not con .raindicate re-instution to gold therapy 

fol owing a rest period which allows the uring to become negative for 

the protein. They feel that this 1sy about all Qf the mild reactions. 

By fa.r the most common rec.ctions are the allergic. These may be 

cutaneous, mucous membrane, gastro-intestinal tract, hematologic, or central 

nervous manifestations. 

The cutaneous are the nost frequent of all reactions to gold salts. This may 

vary from a mild erythe.ina to a severn exf'o liative dermatitis. 
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Skin manifest-ati,ms are almost always preceded by a mild or severe, 

generalized or focal prurit.is. Cutaneous rea.ctio:s may appear and dis­

appear du.ring therapy and usually do not appear until 300 to 4,0 mg. 

has been given. The skin reactions '!fiay resemble pityria.sis,rosea, 

seborrheic dermatitis, urticaria, lichen pl2..nu.s, lichen ruber, lichen 

spinulosus, herpes labialis and simplex and zoster. Hyperkeratosis, fol­

liculitis and exzem.atoid dermatidides have also been reported. Changes

usually occur first over the neck, arms, a.xillae, gro ns, chest and 

back. A collar of scaley, greasy ap,earance is not unco:mnon. Pigmentation 

of the skin fnom depositior of �old {erysiasis) may actually occur but 

is rare and is usually a rfsidual from some previous skin disorder. 

Temporary alopeci mq occur. Skin changes may spread to a generalized 

exfolliative dermatitis whic with pemphigoid reactions are the most 

serious of the skin disorde:rs of f'Old therapy. Thene skin react 1.ons 

peisist forweaks even Rfter therapy is disc ntimled. Kalliomald.5 had an 

_.ncid.ence of 3.5 to h4% skin reactions, He concluded that as the skin 

reactions (and eosinophile re�ction) showed no relation to the :ed. rate 

that they were both allergic phenomena. La ':rence6 had a 20% incidence

of dermatoses. Suanberg8 had an 30% incidence and most of these occured 

during therapy and a ter several doses. 

Stomatitis may occur. In mild cases, this may be me ely a super­

ficial erosion,shile in the more r.evere reactions, there may be ulcer­

ations. Temporary loss of tast may occur. Conjunctivitis, i ritis and c 

corneal ulceration have all been reported" B'.' rrow anu Stone ha.ve noted 

vulvovaginal erupt�on, stomatitis and generalized cutaneous eruption. 

Anal ulceration has been reported. Lawrence had an incidence of 14%

stomatitis. Suanberg showed an 15% incidence of mucosal reaetions, five 

cases of which were metallic taste in the mouth. 
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Nausea,. vomiting, epigastric distress, hiccogh, and diarrhea have all 

been rpported frequently. These are usu.ally of short duration and respong 

to mere discontirm.a.nce o.f :::old therapy. A few cases oi' severe colitis have 

been reported. Anderson and PalmerU- reported a fatality fro� ulcerative 

eolitis following a total of 200 mg. gold sodium thio­ sulfate. Cecil has 

also reported sueh a case.following onl,y 25 mg. , but the patient here, had 

a history of intestinal symptoms. Severe distur­bances are raee and 

Freyberg has yet to see such a reaction in ten years experience with gold. 

Suanberg reports a 7;5! :incidence of gastric complaints, all oecuring 

during therapy. 

HemAbologic co plications are the most serious, but fortunctily are 

the most rare reactions. These reactions account for almost all of the 

reported fatalities and fall into thr�e •,or classifications: L) Thran­ 

bocytopenia 2) Granulocytopenia and 3) Aplastie anemia. Wintrobe and 

Peters have reported several c?ses of granulocytopenia and others have 

been reported. Marriott end Pet-rs found, up to 1948, 60 cases of 

thrombocytopenia in the literature. This is the most frequent of the 

hematologic reactons to gold. Sorensen had a fatal case of thrombocyto­ 

penia develope ten months following therapy. The purpur � may be confined 

to the skin or may involve the viscera. There have ben some fatalities 

from subdural anC;. intr·acerebral hemorrage. Leukopenia and. secondary anemia 

have been reported. Some feel th£,t a pre-existmg secondary anemia has 

been helped by small doses of gold, but aggravated by · 

large �oses. Eosinophiles may predede or accompany theapy ana may be 

a warning of impending reaction. Kalliomaki had as hig as a 9% incidence

of leukopenia and an 8% eosinophilis. Lawrence had 0Illy one case of 

granulocytopenia in 90 c::;.ses. 

Bowerll reported that to 1948, 20 cases of aplastic anemia had 

been reported. · He reports the case of a. hr$ yr. man -who on 50 mg. gold 
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each week, received relie: from arthritis symptoms after one gram 

gold had been given. One month following therapy he devel�ed a rash

and bl eding gwns anc was placed on B.A.L., liver shots and penicil in 

but to no avail. He had num:::rous petechii and ecchymoses at autopsy 

and there was �gemirati n of the distal convoluted tubule. 

Watsonl2 reports an incidence of 1.5% of all patients developing 

thrombocytopenia. L; his review of the literature he reports 28 cases of

purpura, ten of whom died; ten cases of granulocytopenia wit two deaths 

and 19 cases of aplastic anemia �i.th 14 deaths. Sua.nberg6 showed an 

.ncidence of 9% hematologic reactions, 13 cases of which were leuko­penia. 

Bjorkman13 reports a very :interesting case. The patient received 0.3 

g. of one golc.t preparation but because of a rise in eosinophils, was

switched to another preparation for a total dose of 2.6 g. over a period 

of two months. On his first day home, he had fever and chills for which 

he received penicillin without improvement. He became dyspneic, threat 

and .mouth became dry and he developed a non-produc1;j.11e cough. A chest 

film showed bilateral blotchy areas near the bases. Penicillin., 

streptomycin, teITamycin gave no response. The E.K.G. showed Ill3'ocardial 

damage. Laboratory work was normal except for a 92mm.sed rate an. a 

total eosinophile count of l200Jcu.mm. She !ailed to respond to cardiac 

therapy. On the su�picion that the oasis may be gold toxicity, &.C.T.H. 

was given and in a few hours responded mrakedly and in a few days, 

res­pirations were easy. Chest film showed clearing., temperature fell

to normal, E.K.G. was normal, sedate fell to i11, eosinophiles to 78.

She was discharged in good health at the end of three i"feeks. Miscel­

laneous reactions which 118.be been seen include bronchi tis, hemoptysis, 

epistaxis; follicular byperplasis, polyneuritis, meningitis and central 

nervous symptoms. There has been one death believed due to mening:p-
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encephalitis . Nervous syJlptoms ranging fro depression to frank psychosis 

have been described. Theoe are the rarest react ons (2.5i in Suanberg's 

reports. 

Many of the metabolic effects of gold compDunds mentioned under that 

headi g have been suggested by many authors to ee also responsible for 

toxic react ons. �uch effects include inhibiticn of cellular oxygen 

consumption by gold, inhibir,ion of cholinestera. es, inhibition of brain, 

pyruvate oxidase inactivation of tyrosinase and normal inactivation of 

invert se by tyrosine being accelerated by gold preparat ans anu decreased 

tissue and plasma ascorbate. 

Libesenh has theorized that gold may tie up sulfpydril gr,oups :Lrn­ 

portant i· tissue enzymatic processes and therefore altflr tissue metabo­ 

lism. 

Heubner had early, feh, that �old compounds act as capillary poiaons.

This is not a commonly held view now. Feldt thought th�t the reactions are

due to non-specific metal poinoning. Mollgaard believed that toxicity was 

aue to release of bacte�iolysis of tubercle baci li {in uberculous 

patients) • This of ctmrse is not eceptable in patients other thatn tu­

berculous. Milan believed in the biotDopism theory- which says that 

cer­tain chemical, physical or oacterial agents are capable of stimulating 

microorganisms- present in the body to ·produce unexplained complications and 

that the complications are therefore, regarded as activated latent 

diseases. It is interesting with Ghis in mind that Parr foun( 2 c�ses 

of rheumatoid arthritis treated with gold in whom cliniccl syphilis became 

apparent only ollowing gol;d therapp. This theory at present is 

not too unpopular. 

Secker regarded toxicity as an eE_pression of vi�amin deficiencies ana. 

r3coJ.Tllllended high vitamin intake with g_o ld thera.fJY. 

are l�e most popular theory at present, of course. is tha toxic reacti�ns 
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are largely allergic. As we h!!V'e s en, however, there may be certain 

results (liver and kidney damage) which r presents a-0tual cell poia­ oning. 

This may occu�, however, only with extremely large doses or 

in especially susceptible pitients. Presumably those patients with 

skin reactions have no higher concentration of gold in their skin than 

in those patients without reactions. In his revi:w of the relation fo the 

sed rate to complications, Kalliornaki states that authors (Goldie, Ellman, 

Lawrence) have reported an apparent inverse relationship of complications 

of gold therapy and the sed rate, The explanation, he feels, may be that 

when the sad rate is elev ated (active disease) 

the pr9tein bound gold is releases through damaged capillaries in the area 

to the diseased joint structures and the concentration in other structures 

is thereby kept low. When :,he sed rate drops, however, and the 

capi­llaries and diseased tissues repair, more gold is deposited in the 

other structures ( skin} a.n.r..1 reactions follow. In La.wrences original paper, 

he reports gold concentration in synovial tissues of an active 

rheuma­toid to be 18 ti ,1es that of oths tissues. He point� out that in 

Goldie I s series, in 8 of ll patients who developed skin react ons, their 

sed rate 

had been below 10 for 2 weeks preceding the reaction. RamoslO feels that 

almost all reactions occur in patients with alergic constitutions end 

in patien$S with other allergies. 

Reactions are not consistantly related to total dose giv,m totbe date 

of the reaction. In some patients, there is an eosinophilia oc­

curring in some rlation to the reaction, a finding which would strongly 

sui;,-ctese an allergic 
l 

basis at least in these patients. Suanberg had
s 

.

predicted reactions (a-cording to skin testing) with a 66% a ccuracy, This 

will be menti�ned later under treatment of reactions. Some authors feel 

that the geld itself if possible not the allergen but that it is the gold 

proteinate. 
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Bm,er states that hem.tlogic reactmons re possibly the result of 

a direct e:fect on the m2rrow or an elfifect on the spleen creating a 

hypersplenic syndrome, witl sec:ndary pathologic blood firdings. 

Cecil9 has made the statemeff that toxic manifestations to gold 

are not preventable, "£his is an excedingly- pessimistic vies in light of 

reports from other authors. .i.t is somewhat true that there is no reliable

methoe of determining which patientas will react. Suanberg8, however, in 

Sweden, reports that no patient at the Noorkopi :g hospital receives gold 

until skin testihg has been performed in a attempt to determine 

sessitivity to gold. The testing is carried out using Aurothon in a 

1:1, l:J, 1:5, and 1:10 dilution. A control is run simultaneously using 

the same dilutic,ns of 6.5% sodium thiosulfate. Skin testing is 

done uy the intradermal tebhnique using all of the dilutions of the 

gold an:_; the control. A 7iheal of o. 5 cm. is made and readings a.re made 

at thirty minutes. A papule of various sizes is read as varyimg degree 

of positive. The readings are made according to the control pa-pule. The 

tests are r_peated every four days on patients receiving gold� Reactions 

may vary as the te-s t are repeated. Most reactions were found to oocur 

during therapy and after several inject ()ns. In eleven cases, reactioh 

occured immediately following the first injedtion. In moet cases there 

was a chagge in the skin t st occuring with or following a reaction. A 

positive skin test may revert to negative following a reaction or follow­ 

ing the use of B.A.L. Or, following a reaction, the skin test may become 

negative, gradually becomming positive again. There were variat ons 

on some controls, however: hence, changing skin tests is not prim.arily 

associiaed with the amount of gold given. The testing �ay also induce 

sensitivity. 



The aut..hors results were as follows: 

Skin Test: 

Decreased. 
No Change 
Increased 

Without Complications: 

88% 
54% 
35.5% 
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With 6omplications 

12% 
46% 
64.5% 

His cnclusions were three: I the skin test decreases, complleati ns

arose in onl.y 12% of those treated. In those showing no change Dr 

an increased test, one should procede with cautio or stop until skin test

decreases. It is almost impossible to predict on the basis of the skin 

test which patients will react to the first dose of gold. 

It is veey interesting to note that in those patients ffho showed 

an increasi g skin test, 65� developes complications. · 

There is general agruement that there are many warning signs and that 

at the appearance of these, therapy should be proceded with very 

cautiously, or better, therapy should be interrupted until these symptoms 

abate before re-instituting therapy. Some of the warnings are ppuritis, 

purpura, metallic tast of r.he mouth
.,. 

sore mouth, diarrhea, mild albumin­ 

uria. Prouse, in reportino: a death due to gold, feels that he �ost the 

patient in part by not heeding a pruritis which occured prior to the fatal 

..;omplications. If albuminuria arises to two plus or more, if red cells or 

easts appear in the urine or if the B.U.N. begins rising, gold therapy 

should be stopped :immediately, Any allergic history shu ld be carefully 

sought and if obtained, should make one ver cautious of :in­ 

sti tutir:g gold therapy. 

The patient should be questioned carefully each visit for the oc­

curance of pruritis. The skin and mouth shoucld be examined each visit. A 

U.A. should be done weekly, a hemoglobin and white count twice a month. 

If purpura appear, a platelet count may be desired. Eosinophi.lia should 

be watched for. When acy of the above arouse any suspicion, therapy 

should be stopped. 
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As a result of the many metabolic effects attributed to gold, many 

authors have given substances with the g?ld injections. At one time it was 

believed that calcium gluconate given with the inject n wo ld 

decrease the toxicity but · is has oeen dis·carded. others have given large 

doses of vitammns, e .. eciall:y- ascorbic acid. RamoslO ga:ve 10 ug./c.c. of 

liver extract with each gold shot. The incidence of reactions has 

been markedly reduced by the use of less toxic preparations, smaller 

doses nd careful supervision of the therapy. 

Once toxic mam.festat ons have oocured, therapy rests on one or 

a combination of B.A.L., steroids or splenectomy. Exee t for the 

dermatoses, results,of treatment of toxic reactions, especial�y the 

hematologic complications has been disappointing. Such compounds as 

B.A.L., thiomalate, sodiur.1 thioglucose and cystine were found by Block 

to successful y co pete with gold chloride for sulfhydril tissue enzymes. It 

was found that these compounds reversed theinhibited cellular oxygen 

consumption induced by g-0ld. The only agent effective against gold 

sodium thiosuliate was found to be sodium thioglucose. The reversal 

ef ect is greatest wh n the thiosul.fyl gourp/atoms of gold ratio was 

3/1. G.A.L. and thiomalate ar themselves inhibitors of oxygen con­sumption 

but a combination of these ana gold chloride or of gola 

sodiUi--n thiosulfate end sodium thioglucose gave less an inhibiting effect 

tha.m eithe!' alone. Good results have be n reported with thiosulfate 

and sodium fonnaldehyde sulfoJC:Yl�te in �old dermatoses. In 1945

the British introduced B.A.L. effective against heavy metal poisoning 

and having as its basic role, a stronger affinity for sulthydril gi,oups than 

heavy metGls. 

Cohen, Ragan and Bootsh were among the first to use B.A.L. for gold 

toxicity. Cohen reported dra.:natic results in c&ses of' dermatoses. 

Some reports are unfavorable, but if the skin reaction is not too far 
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admanced and not too severe. there is usually good response. 

Experiments_ have sho�'ll th�t B.A.1. can proteet rats against lethal doses 

of gold. 

'!he best protection is secured by giving B.A.L. with the gold. No 

effect is secured if the B.A.L. is delayed for a matter of d ys following 

the administration of a toxid dose of gold. If B.A.L. is bigen with 

the gold there is not even histologic renal damage. It has been EUg­gested 

that B.A.L. when given in this manner competes with the tissues for the 

circulating gold. The action of B.A. L. is probably through compe­tition 

with the metal for the sulfbydril suestrate and the i creased output of 

urinary gold • .Experiments in rats have shown increased rate 

and tolal excreti0n of gold. It is also rported th&t following the 

use �f B.A.L. so uch·gold is mobilized and exc:-eted that arthritic symptoms 

may appear in only a short time (one month). B.A.L. can., itself cauE;e toxic 

symptoms including nause2., vomiting, headache, causalgia, tooth pain, 

lacrimation� salivati n, muscular aches, increased systolic and diastolic 

blood pressures. These symptoms are usually only transient and occur 

within fifteen to twenty minut s following administration of 

the B.A.L. Sutficient therapy should be carried out. 

:ffecummended dosa.ge is 2.5 mt,./Kg. body weight every four hours 

for two days, then the same dosage twice daily for ten days or until 

toxid reaction responds. The prepararion used is B.A.L i a 10% sol­ution 

of benzy-1 ben;oate in ;,eanut oil. B.A.L. is rapidly destroyed 

'by the body so that there is no accumulation and which, therefore, 

allows indefinite therapy. B.A.L. should not e used in the presence of 

liver disease. 

Best response to B.A.L. has occl.llted in the gold induced dermatoses. 

Suanberg reports good results in three patients. There have also been 

good results reported in Btomatitis., 
conjunctiutis, hepatitis, 

mellin­gitis and renal irritation. 
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Lockie4 had dramatic rsults with B.A.L. in a case of granulocyto­ 

penia and tbrombocytopenia. There a.re reported cases of dramatic response 

in other cases of these sane two reactions, but in general, B.A.L. is 

not effective in the hematological reactions to gold. 

Prouse1 reports a case of a severe hematologic reaction to gold 

following 380 mg. over a period of ten weeks. She began wi�h pruritis, 

soon ,.,as bruising easily and finally began bilieding heavil,y per vaginum. 

Herpplatelets fell to 2,000, hemoglobin to 43; and �1.te cell count to 

3,200. All cells in a marrow biopsy were decreased in number. She was 

given two cour8es of B.A.L., but gold was never found in the urine. 

Sterddds also failed. At autopsy all organs were markedly hemam,hagic. The 

marvm, of all bones showed fatty repla-0ement and hypoplastici ty. 

Aplastic anemia so far as I could fine, has never responded to B.A.L. 

Steroids ,rr,:y be of value, especially in dermatoses that fail to respond 

to B.A.L. Steroids may be beneficial. in other reaetionslO. 

The most dra:natic response to steroids was probably Bjorkman's case of 

a severe allergic react on in lungs and heart to gold which cleared on 

A.C.T.H.13 This caee has been described above.

Hematologic ractions nororiously do not respond to B.A.L. and except 

for the response obtained in thrombocytopenia and granulocytopenis in the 

case mentiones previously, steroids also fail to give a response. There 

have been reports of hematologic reactir:ms responding to splenectomyl 

One report9 concerns a patient who's skin react·on cleare� on B.A.L. 

but later developed thrombocytopenic purpura which responded to splenectom:y. 

Watson12 in a review of six recorded cases of splenectomy for hematologic 

reaction to gold revealed a response in two and improvement in a third. 

Mettier and McBride have reported Jasting improvement following splenectomyl 

Marriott anc Peters have reported even a case of h;r�oplastic anemia 

responding to spleneetomy. 
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The author presents three cases. The first, pancytopenia, re­sponded 

dramatically and immediately following the surgery. She had failed to 

respond to transfusions. The second, thrombocytopena.a, also failed to 

respond to transfusions, but gave marked response to splen­ ectomy. The 

last c&se, thrombocytopenia, refused splenectomy and at her last check had 

failed to respond to B.A.L. 

In hematologic co plic:>tions which fail to respond to therapy, or 

until they do respond� one mist give transfusions, try vitamin K for 

the bleeding and use antibiotics a s  prophylaxis against secondary in­ 

fection. 

SUMMARY: 

The use of gold in medicine dates back to 2500 B.C. and the Chinese. 

Its early use was a s a panacea. It wa.s first used specifically for the 

treatment of arthritis about 1927 and the rational for its use in this 

disease was actually based on Feldt 1 s demonstra.t on of its anit.iinfectous 

effect. Gold was first reportedly used in ths country for arthritis in 

1936. 

Gold compounds cnse general�v rapidly absorbed from the intra-  

muscular site. A small portion is r[pidly excreted, soluble preparations 

i n the urine, insoluble preparations anu colloidal gold in the feces, but 

the larger percentage is concen�rated in body- tissues, especially the 

kidneys liver and spleen. The greater the amount injected, the greater the 

retention.

Gold has been shown to: Inhibit oxygen consumption, inhibit chol­

inesterases, inhibit brain pyruvate oxidase, inactivate tyrosinase, 

to decrease plasma and tissue ascorbate content, all of these in various 

animal tissues. 

The mode of action is unknown. Suggestied possibiities are: 

bactericidal effect, catabolic effect, reticul-0-endothelial system 

stimulation, tying up of sulfhydril groups and effects through the adrenal 

steroids. 
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A common dosage program consists of the intramuscular injection of 

10 mg. initially, 25 �. the seconc week, 50 mg. the third week, then 

50 mg. each week until a total of one to two grams has been given or 

a response has been obtained. The patient is then maintained on 25 to 

50 mg. once or t'«ice monthly-. If there has been no response with a 

total dose of about two grar1s, it is unlikely that further treatment 

will yield a response. Lawrence recom�ends a total dose of 100 �g./Kg. 

given over the shortest possible periofi of t��e. Maintenance therapy 

may be of value. 

Results vary with variJus authors. The averages from a large 

ac­cumulati-m of cases are as follows: 

Cured or Markedly Improved; - - - - - - - - - - - - - - - - - 55-90%
Moderate Improvement - - - - -- - - - - - - - - - - - -- - - - 27%
Somewhat Improved - -- - - - - - - - - - - - - - - - - 8.3% 
No Improvement - - - - - -- - - - - - - -11%
Relapses - - - - - -34-75%
Toxicity - - - - - - - - --- - - -40-62% ( h.5% severe)
Fatalities - - - - - - - - - - - - - - - - - - - -- o.4%

Completely Asymptomatic 45-78 months later - - - - 13-59%
Second Remission following relapse - - - - - - - - - - - - - - 80% 

The results of our own clinic patients was: 

Response (any improvem�nt) 
Marked response 
Relapses 

86% 
43% 
66% 

The only two indications for the therapeutic use of gold compounds is 

active rheumatoid arthritis anci. palindromic rheumatism. Contra­

in,icat ons are previous reaction togold, severe diabet2s �elitus, dis­

seminated lupus erythema.tosus, nephritis� ulcer-dtive colitis, hepatic 

damage, blood dyscrasia. and pregnancy. 

The commonest reactions are cutaneous, the most severe are the 

heT:at­ ologic and the most rare are the nervous reactions. 'Naming signs 

of tox­icity may be prurtitis, purpura, metal ic taste in the mouth, 

increasing proteinuria. These symptoms should arouse suspicion of 

impending toxia reaction and should make one procede cautiously with 

therapy or better, 
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to discontinue therapy. If react.ons warrant aggressive therapy, 

B.A.L., steroids or both should be used. Splen�ctoicy" may be life 

saving in hematologic coaplieations. 

CONCLUSIONS: 

1he purpose of this paper was to investigate the rational for the use 

of a heavy metal, gold, in the treatment of rheumatoid a..-r-thritis; and to 

attempt to decide whether it is actually of arry real benefit in this 

disease. I must conclude that there is no proven pha.rmacol.ogie 

explanation for any action of gold in this disease. Some reports show up 

to an 80-90% remission nth gold, but other studies with a control group 

are not so impressive. The relapse rate is almost as h4",h as 

the remission rate. Toxic reactinns are ver:, frequent with 4-.5% of these 

so severe that the prognosis of the complication may be pcm-. The

chief claims for the use of gold, that it stops the progression of the 

disease.and that relapses do not occur when treatment is stopped, are not 

born out by the literature and the reports of out own clinic. 

There are patients in whom gold does seem to produce e. remission and in 

these patients, the effect is dranatic; however, these same patients may 

be just the on s who would show equally dramatic results with sterdlL.ds 

anu conservative physio-th�rapy. 

In final conclusion, in a case of rheumatoid arthritis, one might 

firt tyy gold therapy, but should toxid reactions occur or should re 

-mission not be achieved with total dose of probably 2 grams. gold 

should be abandoned as holding any promise for the patient. Prolonged 

therapy without remissior,or with la.bile and uncertain relief of symP­

toms, and an off-again, on-again program of therapy should be condemned. 
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