
per cent. final concentration). Hemolytic units in the 
snpernataat-: from the tubes rvhich had contained ac- 
tire complement were estiniatecl from the largest non- 
anticomplementary rolume failing to sho~v appreci- 
able hemolysis, and vere therefore actually much less 
than the number indicated, except in the second ex-
pesiment, in  which conlplete hen~olysis was actual13 
obtained a t  the lerel given. The recults are  summar- 
ized in Table 1. 

Hemolytic Kitragen precipitated 
units of 

complement 
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-LI
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T H E  THERAPEUTIC EFFECTIVENESS O F  A 

PRACTICALLY NONTOXIC NEW COM- 


POUND (CALCIUM AUROTHIOMAL- 

ATE) I N  EXPERIMENTAL, PROLIF- 


ERATIVE, CHRONIC ARTHRITIS 

OF MICE 


EARLYin 1939, one of us (A. B. S.) reportecl that 
it  was possible by intravenous injection of a newly 
discoreretl pleuropneumonia-like tnicroorganism to 
produce an experimental, proliferative, chronic as-
thritis in  mice which clinically and pathologically bears 
a close resemblance to human rheumatoid arthritis.1 
Although repeated attempts hare failed to reveal the 
presence of such a microorganism in the human dis- 
ease,',?," it  was found that the experin~ental arthritis 
of mice responded to certain chemotherapeutic agents 

F L 
.3 a+- v 
$f 
.3.-~2 'I 
.35 z -C 

i 4 2 4 4 

* Antipneomococcus Type I11 seium, specific polysaccbaride 
of Type 111pneu~nococcus( S  111).:In  this experinlent and the one following the entire guinea- 
flig serum pool was filtered through Gradocol membranes of 
100 mp arcrage pore diameter. 

$ Anti-egg albumi~i serum, crystalline egg albonlin. I n  this 
esperi~sient a Type I antipneumococcus horse specific precipi- 
ta te  known not to fix comple~uent (1-1. Zinsser and J. T. 
~ a r i e rJoir?'. Ii,rmicitol.. 8 : 151, 1923 : I<. Goodner and F. L.
ors sf ail Jr., Jour .  Esp .  Ned . ,  64:  201 1936) \\-as first formed 

in the &ctir7e and inactivated compl&ment used. Identical 
anlounts of nitfogen (0.437, 0.437 mg er  5.0 tnl) were pre- 
8 :i.i l.d. , l  i n  11 . A * .  Y rrom the saline-S?-ant;-PnI blank), but 
1 1 8 . .  . ~ I ~ I .  1 8 .  I ) , ,  .iction of the horse serunl used reduced - 1 1 1 , l .  1 8 1  
I 1 ,  I ~ ~t. 8 . 1~ .A1 1 ,  .~I 1 3 .  ~ I ~ ~ one third. Thehemolytic units by 
value giren in t he  table is that  originally found. 

I t  would appear, therefore, that roughly 1,000 bemo- 
lytic unite, as measured above, correspond to about 
0.12 mg of cornplernent K,as defined above. I f  com- 
plement is actually n g.lobnlin, as  nom seems estab- 
li~lieci,~this TI-ould correspond to about 0.75 nlg of 
protein and indicate that 1 ml of guinea-pig serum 
ordinarily contained about 0.024 to 0.03 ing of com-
plement Y, or 0.15 to 0.20 mg of actual complement. 
ddclitional computations which follow directly from 
this analytical result and a cliscussion of some of the 
implications of these findings, which are being ex-
tended in several directions, will be given in a more 
cletailed paper ~lo\i- in preparation. 

in a manner paralleling their alleged effectivenes~ or 
ineffectirenew in rheumatoid a r th r i tk5  Thus, of 
many substances testecl, the inorganic and organic 
gold compouncls were the only ones capable of exert- 
ing a curative effect on the experimental arthritis in  
mice, despite the fact that they had no clenlonstrable 
action on the etiological agent i n  u i t ~ o .  I t  was also 
found that the toxicity, as measured by the lethal 
effect on mice, ancl therapeutic effectireness were a 
function of different properties of the golcl compounds, 
and that depending upon their structure and mode of 
adniinistration there r a s  a wide range in the margin 
of safety as  reflected in chemotherapeutic indexes 
which varied from 2 to over 30.5 The present study 
obtained its orientation from the observation that while 
colloidal preparations of gold or of gold sulfide were 
therapeutically inert, a distinct, thong11 delayed, cura- 
tive effect followed the administration of large doses 
of a n  insoluble gold compouncl, calcium aurothioglyco- 
late, of which mice tolerated an arnount at  least ten 
times as large as the minimal therapeutic cl0se.j 

The purpose of this co~nmunication is to report that 
it  has proved possible to prepare a compound with 
practically no toxicity anel even greater therapeutic 
effectiveness simply by converting sodium aurothiomal- 
a t e q n t o  calcium aurothiomalate. The addition of a n  
excess of CaCl, to a solution of sodium aurothiomalate 
leada to practically complete precipitation of a com-

1A. B. Sabin, SCIENCE, 89: 228, 1939. 
MICHAEL 2 Ibid.,SCIENCE,90: 18. 1939. HEIDELBERGER 

DEPIRTJIENTOF COLLEGEMEDICIKE, OF 


PHLSICIAXSA N D  SURGEONS,
COLU>~BIB 
UNITERSITT,A S D  THE PRESBTTERIAN 

HOSPITAL,XETT'~'*oRI< 

5 T. W. B. Osborne, ' 'Compleme~lt or Alexia, " Oxford 
Vniversitp Press, 1937; E. E. Ecker, L. Pillemer, C. B. 
Jones and S. Seifter, JOILT.Biol. Chem., 135: 347, 1940. 

3 -4.. B. Sabin and B. Johnson, Proc. Soc. Exp. Biol. and 
X e d . ,  42: 565. 1940. 

4 G. 11.Findlay, R. D. Rlackenzie and F. 0. LfacCallum, 
Brit. Jour. E.zp. Path., 21: 13, 1940. 

5 A. B. Sabin and J. Warren, Jour. Baot., 40: 823, 1940 
(in press) ; also unpublished observations. 

6 We are grateful to 3Ierck and Company for supply-
ing the sodium aurothiomalate (mpochrysine) used in this 
investigation, 
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pound which, from the total yield and the proportion that of calcium were also prepared, but no compara- 
of gold and calciunl in it, probably has the follo~vi~lg tive study of their biological properties has been made 

CH, . COO 
\ 
\i 7%I 

formula : Au-S-CH COO . The theoretical yield 
of calciunl aurothiomalate on the basis of complete 
precipitation is 0.9849 gm per gm of sodium auro-
thiomalate, and the 'actual yield was 0.9840 gm. The 
dry compound is a pale yellow powder which neither 
changes color nor loses weight after being heated in a n  
oven at  100' C. for 24 hours. I t  is insoluble in water, 
alcohol and ether, but is conlpletely soluble in tenth- 
normal IICI. Calcium aurothiomalate forms a uniform 
and relatively stable suspension in oil of sweet alnlonds 
and it was in the form of such a suspension that it  
was tested for  toxicity and therapeutic effectiveness. 
Ti71iile an aqueous solution of sodium anrothiomalate 
administered intramuscularly to 20 gm mice is lethal 
for  10 to 20 per cent. of animals in  a dose of 6 mg, fo r  
30 to 40 per cent. in doses of 7 to 10 mg, ancl for nearly 
80 per cent. of animals in doses of 15 mg, it  TTas found 
that all 54 mice inoculated ~ i i t h  amounts v a ~ v i n g  from 
10 to 250 mg of calcium auroth~onlalate remained well 
over a period of 6 \leeks or more without exhibiting 
any o b ~ i o u s  signs of illness. The therap~utic  effective- 
ness of calciuin aurothiomalate was deternlined in 90 
mice which were inoculated with amounts ~ a r y i n g  from 
0.25 mg to 20 mg one week after the onset of arthlitis. 
The total dose was adlllinistered iatramnscularly in one 
injection. The arthritis disappeared completi.lg in 90 
per cent. of 70 mlce ~ ~ - h i c h  vere treated with 1mg or 
more of calcium aurothiomalate, but in less than 25 
per  cent. of t h o ~ e  which receired the 0.5 mg and 0.25 
mg doses, and not a t  all in the 30 control rnice nhich 
Iwre untleated; 55 per cent. of 20 rnice receiving the 
1ing dose rndde a cornplete recovery. Under sirnllar 
conditions, i.e., adrninisterlng the total dose in one 
injection, the minimal therapeutic dose of sodium 
aurotlliomalate is 2.0 to 2.5 mg. Calculation ~vould 
sho~i,, therefore, that in rnlce ''tile margin of complete 
safety"' is a t  least 100 times gseater fo r  calclurn auro- 
tlliomalate than for  ,odium aurothiomalate. A cura-
tive effect was also obtained Then the total minirnal 
effective amounts of calcium aurothiomalate nTere di- 
vided into ten equal doses and administered a t  48-hour 
intervals. Calciurn aur~thionialate n a s  al-0 found to 
be approximately ten tnnes moise effective therapeu- 
tically than calcium aurothiog1~-colate. Illsoluble har- 
ium and strontium salts of aurothiomalate similar to 

i The ( (margin of complete safety " 
maxinial dose tolerated by nearly 100 per cent. of rnice 
mlniinal therape~~tic dose i 

is used here because ~t describes a property which is differ- 
ent from that represented by the chemotherapeutic index, 

minimal dose lethal for 50 per cent. of animals 
lninilnal therapeutic dose 

as yet. 
At  the present time the toxicity of most available 

gold compounds is perhaps the greatest barrier to their 
more wide-spread use in the treatment of rheumatoid 
arthritis in man. There are also certain indications 
that some of the toxic nlanifestations in n ~ a n  may be 
due to sensitization or other factors which may not be 
measured by the lethal effect of a compound in mice. 
Only clinical trial, therefore, can indicate ~vhether o r  
not calcium aurothiomalate will be comparatively as  
safe and effective in human beings as it is in mice. 
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P H O S P H A T E  A C C E P T O R S  I N  " R E S P I R A - 

TORY PHOSPHORYLATION" I N  


M U S C L E  T I S S U E  


IS our studies on the phosphorylation, coupled mith 
the aerobic oxidation of various substrates in cardiac 
muscle tissue and on the action of enzyme poisons on 
this process, we u3ed creatine as the acceptor of phoe- 
phale.l Bdenylic acid proved to be a less convenient 
acceptor, most likely for the reason that it is deamin- 
ized. At present we have unclertaken a more syste-
matic investigation of the acceptors of phosphate. As 
the oxidizable substrate me used succinate, the osida- 
tion of vhich to the fumarate stage is coupled with 
phosphate esterification, as we demonstrateci some time 
ago.2, "or the experiments cardiac muscle, red mus- 
cle and extracts from rabbit's heart have been used; 
the phosphate acceptors tested mere glucosemonophos- 
phate, glucose, glucose t hexokinase (from yeast), gly- 
cogen and creatine. I n  all experiments heuosemono- 
phosphate displayed the most active capacity of ac-
cepting phosphate, in  accordance with its behavior i n  
brain tissue.4 No phosphorylation takes place nnder 
anaerobic conditions; and in the absence of succinate 
the esterification is markeclly diminished, especially 
upon addition of sodiunl fluoride. The products of 
hesosemonophosphate phosphorylation were shown to 
be hexosecliphosphate (tirne course of hydrolysis, lib- 
eration of inorganic phosphate by pl~en~~ll~yclrazi~ie)  
and phosphotrioses (alkali-labile plios~slioric esters). 

Glucose is distinctly esterified, but only in the pres- 

1V. A. Belitzer and E. T. Tzibakova, Biocl~i,nia 
(Nosco~v),4: 516, 1939. 

2 Ibid.  
3 Phosphorylation attending the osidatioll of succilrie 

to funlaric acid in kidney extracts has also been observed 
a little later and independently by S. P. Colowick, M. S. 
Welch and C. F. Cori, Jour.  Biol. Chem., 133: 359, 1910. 

4 S. Ochoa, Yature, 145: 747, 1940. 


