
212 NATURE OF HYDKOS~-LP~IC)SOX, ,\XD ITS TOXICITY 

TABLE I. 
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I t  is evident that “folic a&]” is esseiitial t o  the growth of this 
strain of tetanus, and that its effect is exerted I)? extremely minute 
quantities. 
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Nature of Hydrosulphosol and Its Toxicity to Living Embryonic 
Tissue. 

Compounds containing the stil ih_vdryI (-SH ) raclicai have been 
shown to be of great practical ~ a l u e  in proiiioting the healing of 
wounds. Glutathione is probald? the best la101v11 conipound of this 
type which is present in living tisiics. It is o f  almost tiniversal oc- 
currence in animaI tissues where the coriceiitratioti has been fotiiid 
to roughly parallel the intensity o f  metabolic activity. The con- 
centration is unusually high in regenerating or embryonic tissues. 
Voegtlin, Johnson and Thonipson’ reported that malignant tumor 
cells showed higher concentrations o f  glutathione than iioriiial 

1 Voegtliii, C., Jolinson. J .  If., :~ml  ‘ r ? ~ m p ~ n ,  .J. IT., Pvblic Hcnlth Rep., 17. S. 
Public IIealkli Sen-ice, 1936, 31, 16S!). 
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tissue cells. Therefore, it appears that one of the important biolog- 
ical functions of glutathione, as \yell as other conipouds of a similar 
nature, is related to growth. 

Rei~iiaiiti~ etnployed thiocresol iii a coilcentration of 1 : 10,000 as 
a wet dressing on a iiuinber of sttibborn wounds and reported a 
stimulation of cell clivisioti. On the basis of the results obtained 
from the use of thiocresol, aiid a iiuniber o f  other conipounds con- 
taining the -SH group and their homologues coiitaiiiing other groups, 
he concluded that the sulfhydryl radical was the effective agent. 
Riley3 used a laiioliii ointment containing cysteine hydrochloride 
on skin reactions following deep X-ray or radium therapy and 
believed that the healing was hastened by the presence of the -SH 
radical. 

Hydrosulphosol* is ail available aiid convenient source of -SH 
radicals. This fact, together with its value in ultraviolet burns. was 
discovered by Dr. Ralph R. 1 Ieiloii ( McEroom4) and his associates 
at the \Vestern Peiiiisylvaiiia Hospital’s Institute of Pathology in 
Pittsburgh. As a restilt they suggested that it receive a thorough 
clinical trial in theriiial burlis. During the past yeat about 150 
chemical and thermal burns have been treated bq- Dr. \Ir. F. Pierce’ 
and hy Dr. A. E. CruthirckG Almut two-thirds of these have been 
serious, either in clegree (secoiid or third), or in extent, or both. 
The results have been so highly satisfactorq- as to justify the in- 
creasing clinical use that the solution is now receiving. 

In addition, Hyclrosulpliosol contains the pentathionate ion in 
TABLE 1. 

CIieinic.nl Analpis of Hpdrosulpliosol 
Specific gravity 1.032 

Solids retw;litling after evnporatiirt of 100 g solution 
pH of solution (g1:iss electrode) 10.3 

to constant weight 10.56 

Constituent % 

Calcium from calcium oxide 
Total sulfur (iodine titration) 
Sulfur :IS sulfide ion 

J 7  ” thiosulfate ion 
’ ’ from polpdfide 

Sulfhydryl ion (inethplene blue titration) 

0.549 
1.46 
0.30 
0.22 
1.256 
0.237 

2Reiinann, S. P., J .  A. M. A., 1930, 94, 1369. 
3 Riley, J. F., Brit. Med. J. ,  1940, 2, 516. 
* Hydrosulphol is a liquid prepa r:i tion supplied by the Earl Hill Wilson Foun- 

-I McBsoom, J., J L P d .  Rec., 1940. 152, 299. 
3 Pierce, Ifr. F., A r r i .  J .  Sirrg., 1941, 53, 434. 
6 Crutllirds, A. E., personal communication. 
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compounds of polysulfides and tliiosul fates in aqueous solution. 
The composition of the solution is given in Table I. Because of 
the nature of the solution it was iiot possible to obtain a more ac- 
curate analysis. On the addit ioii o f  distilled water colloidal sulfur 
is rapidly precipitated indicating that the solution is unstable chem- 
ically. ,\vailable evideiice points to the fact that the p H  drops 
when the solution comes in contact with organic matter, as occurs 

, in  burns. 
Methylene blue may be 1 1 ~ t l  as  :I test io r  compounds containing 

the -SH radical. The (lye is ral'itlly clecolorized in the presence of 
the sul fhydryl group and other rctlucing substances. Tlie H of the 
sulfhydryl group readily combiiitAs with niethylene blue, reducing it 
to the colorless coinlmuiid. This is the only group present in Hydro- 
sulphosol which was found t o  I)c capable o f  reducing niethylene 
blue. The aniount o f  n l e t h y l ~ . ~ ~  hltic tlecolorized indicates that 
HydrosttIphosol contains about 0.237 g o f  the -SH ion per 100 CC. 

This is approximately .5O t i n w  thv coticciitration o f  the ion present 
in human blood. 

-Inother test for the 1wtwiicc o i su1i ;i!-tlrq-l-containiiig compounds 
is their abi1it)- tcj siipport growth o f  anaerobic organisms under 
aerobic conditions. Ten tubes o f  nutrient hrotl!, each containing 
10 cc, were heated in an .Arnold sttbrilizer for 10 minutes to reniove 
dissolved os!-geii. To oiie SCI-~CS o f  5 ttihes were added 0.05 cc, 0.1 
cc, 0.2 cc, 0.3 cc. and 0.4 cc Hydrosulpliosol respectively. The 
other series served as a control. 'The tubes were each inoculated with 
one drop of a ctiltiirc of C71miriditrm spovogmcs and incubated at 
37°C for 48 hours. -\ similar series u-as set up employing C ~ O S -  
tridizmr pevfriirgciis. . \ t  the c m l  ~i -I8 hours tlie coiitrol tubes in both 
series showed no grou.tl.1, w 1 i c ~ c . a ~  the tttlws containing Hydi-os~il- 
phosol showed Insirriatit growtli. \n amount o f  Hydrosulpliosol 
as small as 0.05 cc was sufficient t o  yield a heavy growth of tlie 
organisms in the presence of air. Smaller amounts were not tried. 

These facts have st iniulat ed i livest igat ions o f H ydrosulyhosol in 
the treatment o f  hrriis. Siiicc it is being cniployed to an ever in- 
creasing extent it was considcretl o f  great interest a id  importance to 
see what effect the soltit ion wottlcl liaw 011 li\-iiig embryonic tissue 
fragments cultivated in viit'o. 

Accordingly, a series of diltrtiotis of Hylrosulpliosol were pre- 
pared in pli>-siological salt soltition. To 4 cc of each dilution was 
added 1 cc of a mixture o i  3 parts o f  embryonic extract and 1 part 
of horse serum as a source o f  organic matter, in an endeavor to 
duplicate actual clinical comlitioiis. The final dilutions of Hydro- 
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sulphosol were 1 :20, 1 40, 1 :60, 1 :80, and 1 :100. Five cc of each 
dilution were pipetted into sterile test tubes and placed in a 37°C 
water bath. Embryonic chick hearts were cut into fragments about 
Q.5 mm in diameter. About 100 fragments were pipetted into 5 cc 
of each dilution of Hydrosulphosol. ,-it the end of 10 minutes the 
fragments were thoroughly washed and embedded in plasma con- 
tained in Carrel flasks. Slight growth occurred in the 1 :20 dilution 
after an incubation period of 48 hours and normal growth occurred 
iii a dilution of 1 :SO. It is believed that the toxicity of the com- 
pound to tissue was due to its high alkalinity. In the higher dilutions 
the alkalinity was sufficiently reduced to permit the growth of tissue. 
The original solution could not be adjusted to a lower pH owing 
to the fact that a rapid and heavy precipitate appeared on the addition 
of acid. 

In another test a series of higher dilutions of Hydrosulphosol 
were prepared and allowed to remain in contact with the embryonic 
chick heart tissue fragments for 52 hours instead of only 10 min- 
utes. The test was performed as follows: Tissue fragments were 
embedded in plasnia contained in Carrel flasks. ,After the plasma 
had coagulated the surface was flooded with €Iydrosulphosol dilu- 
tion. One cc of Hydrosulphosol dilution was added to 2 cc o f  the 
coagulated plasnia mixture ( plasma-Tyrode solut ion-embryonic 
extract-tissue fragments ) .  The dilutions ranged froni 1 :160 to 
1800. ldllthough growth occurred in all diltitions only those from 
1 :400 and above showed proliferation as luxuriant as the controls. 
In the higher dilutions there was 110 evidence that st iniulation beyond 
normal growth occtirred. It niiist be remenibered that chick heart 
tissue was used instead o f  skin. Tests are noiv under way using 
only embryonic skin for the tissue fragments. 

Evidence has lieen presented to show that Hydro- 
sulpliosol is an available and convenient source of -SH radicals. 
The compound rapidly decolorizes niethylene blue and supports the 
growth of the anaerobic organisms Clostritiiirni sporopzcs  and Clos- 
tridiun? perfritrgrrrs under aerobic conditions. The conipound is 
relatively nontoxic to enihryonic chick heart tissue fragments cul- 
tivated in zitro.  

coiiclztsiom. 


