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Yeast Extracts to Overconie Depressant Effects of Germicide 

on Skin Respiration. 

ELTON S. COOK, CORNELIUS My. KREKE, SISTER MARY REDEMPTA 
EILERT, C.S. J., AND M. :\LICE S,ZWYER. (Introduced by S. Tashiro.) 
Front t h e  Besccc rclt Luborcl tor ies o j  t It  I I Itst i t  let i( t)i Dizqi T h o m e ,  Cincinnati, Ohio, 

(1 11 (1 P(e1 ) ) I  Eccidi,  Floritl(c. 

I t  is well known that the use of bactericidal agents in wounds is 
hampered 11)- the adverse effects of these agents upon the tissues. 
For example, Eisgard and Ealtei- “believe that there is ample experi- 
mental and clinical evidence that the chemical bastericidal agents, 
which are so general1)- used to ‘disinfect’ wounds, destroy or 
devitalize the tissue cells with Ivliich they come in contact and thereby 
seriously impede the in flanitiiatory response and impair the eff ec- 
tiveness of the natural iiiecliatiisrii of defeiise.’” 

It is ob\-ious that ail agent \\hicli ~vou ld ,  even in part, offset the 
deleterious effects of 1)actericidc.s on tissues with preservation of 
adequate hactericidal p o \ v r r ~  iiiiglit lie of clinical value. 

In the cotirse of stticlies 0 1 1  the efYects of yeast and tissue extracts 
on cellular iiietabolisni w e  ohserved that certain yeast extracts 
antagonized the tosicit!- of t>li‘ii~-!iiiei*curic nitrate and n-butyl- 
p-hydroxybenzoate for ~iiolcls.” It appeared to us that such extracts, 
and particularly certain f ractioiis linocvii to increase tissue respira- 
t i ~ n , ~  might serve to protrct the tissues from the toxic action of 
ger ni i c i de s . 

As a nieasure of toxicity to tissues we used the respiratory-de- 
pressing effect of the g-ermicide sitice respiration is a satisfactory 
index of  tissue vitality’ and since a nuniber of workers have pro- 
posed a niaiionietric method o f  germicide evaluation based upoll 
the correlation of the tosic effects o f  germicides with their respira- 
tory-depressant activities 011 org-anisni and host tissue.5 In line 
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with these findings, we had also noted that, with certain fractions 
from yeast, ability to stimulate yeast respiration paralleled ability 
to increase yeast proliferation.6 

The experiments reported in the present paper concern the toxic 
effects of pheiiylmercuric nitrate on rat skin as observed by 
manometric deterniination of skin respiration, the overcoming of 
these toxic effects by tlie addition of a yeast extract, and a comparison 
of the germicidal efficiency of the drug on Sfnphylococcus aureus 
with and without the addition of the extract. 

Respiration measurements were made by the previously described" 
Warburg niethod on tlie abdoniinal skin of female albino rats 
approxiniately one year old. Deterniinations were made at 37.5 "c 
in Ringer-phosphate-glucose solution ( 0.2% glucose, p€I 7.2). 
Aqueous-alcoholic yeast extracts were prepared as described pre- 
viously3 f roni Fleischmann's bakers' yeast a i d  corresponded to 
Fraction A of the earlier work.' -1 stock culture of S. nwezts ob- 
tained from our bacteriology laboratory was grown in nutrient 
broth. Commercial basic phenylniercuric nitrate ( Merphenyl Ni- 
t r a t e, Hamilton L ah or a t o r i e s ) was employed . 

Fig. 1 shows a typical experiment on the effects of phenylniercuric 
nitrate and of a crude yeast extract upon the respiration of rat 
skin. Each point represents tlie average of 3 determinations, which 
agreed within 10%. on skin from tlie same animal. Curve I rep- 
resents tlie respiration of rat skin under the experimental conditions. 
In  Curve IT skin and phenylniercuric nitrate (1 :100,000 final con- 
centration) were present at the beginning of the experiment. The 
toxic effects of the germicide are evident. and at the end of 60 
minutes the skin was respiring 24% l d o w  the control. At this 
time, yeast extract was tipped from the side arm to give a coiicentra- 
tion of 10 mg of solids per cc (1%) .  An increase in respiration 
rate is apparent and tlie slope of the reniaiiider of Curve I1 approaches 
that of Curve I. In Curve III skin and yeast extracts were present 
at the beginning of the experiment. -At the end of 60 minutes a 
48% stimulation of skin respiration exists. Addition of phenyl- 
mercuric nitrate at this time reduces the respiratory rate to that of 
the control, with the net result that the respiratory depressant effect 
of the germicide is offset. 

In  another set of 3 deterniinations, doubling the concentration 
of germicide ( 1 : 50.000) doubled the iiihihition of skin respiration 
(46% inhibition as compared with 24% above). Addition of 1% 
of yeast extract at the end of 60 minutes was ineffective in off- 

6 Cook, E. S., Hart, M. J., and Stimson, M. M., Biochem. J., 1940, 34, 1580. 
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FIG. 1. 
Effects of Iilirn!-linel.culic. nitrate and ?-east extract on respiration of ra t  skin. 

setting the gci-niicidal depressit m.  h i t  the addition of the yeast ex- 
tract one hour prior t o  the atlclitioii of the germicide reduced the 
inhihitor!- cffcct o f  the latter i r ~ n i  16% to 20%. Thus, this con- 
centration ()i yeast extract did not overcome the greater depression 
previously caused by a higher concentration of germicide but it did 
afford protection n.hen added in advance of the germicide. Addi- 
tion of a mixture of germicide ( 1 :100.000) and yeast extract ( 1 "I.> 
after 60 minutes had no efiect 011 the respiratory rate, suggesting 
either that the inactivation occiii-s by some sort of combination 
between tlie active suhstaiices or that the active ingredient of the 
extract reaches the respiratory systems of the cell at least equally 
as readily as the germicide. 

Repetition of the experinients with different yeast extracts gave 
results which accorded qualitatively with the above and differed only 
in aniounts o f  stimulation or tlepression. This would be expected 
with the use o f  uiistandardized preparations. A total of 38 deter- 
minations was made. 

Entirely similar experiments on tlie respiratory antagonism be- 
tween pheiiylniercuric nitrate and yeast extract have been carried 
out using yeast in place of skin. arid the relation between respiratory 
depression aiid toxicity has been developed by means of methylene 
blue staining and paralkl experiments on the effects of germicide 
and yeast extract 011 growth o f  yeast in liquid and solid media. 
These experiments will be reported elsewhere. 

Iii order to see whether tlie overcoming of toxicity of phenyl- 
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mercuric nitrate for skin by the yeast extract was accompanied by 
a loss of toxicity for a typical infectious organism, the following 
experiment was per formed in duplicate. T w o  sets of tubes each 
containing 10 cc of nutrieilt broth were inoculated with a loop of a 
3-day broth culture of Stctphylococt-zcs mtrt'ics. In one set of tubes 
were incorporated dilution9 of phenylmercuric nitrate aiid in the 
other were iiicorporated the same (lilutiolls of plieriylniei-curic nitrate 
plus 1 % (by weight) of yeast extract. After 21  hours' incubation 
at 37.5 "C  the amount of growth was determined by centrifugation 
in I3opliins tubes. Results of a typical experiment are shown in 
Table I. The yeast extract used for this experiment was the same 
as that employed in the respiration experiment of Fig. 1. I t  is 
readily seen that the yeast extract increases the growth of S. aureus 
in broth and allows growth in dilutions of phenylniercuric nitrate 
iip to 1 :1,000,000 which are otherwise germicidal. However, in 
dilutions of gertnicidc of 1 :.5OO,OOO or less no growth occurs even 
in the presence of  1% of yeast extract. Similar results were 
obtairied when S. m i ~ t w . s  was grown on rititrient agar and the amount 
o f growth IV as cl e t er ni i 11 ed 1 )y 111 an in1 e t e I- n 1 ea s u m  nen t s o f the 
colonies. Results on the solid niediuni showed somewhat greater 
variation than those obtained in Iiroth, the latter checking almost 
exactly. 

From the experimental results alwve it is evident that the toxicity 
for skin of dilutions of phetiylniercuric nitrate as low as 1 : l O O , ~ O  
can be offset by 1% of yeast extract. Such dilutions of germicide in 
the presence of 1% of yeast extract are still completely effective 
against 5. uitrexs. Thus, it should be possiblc to maintain germi- 
cidal eficiency while niiriiniizing toxic action on the host tissue. 
E'reliminary experiments have indicated that combinations of phenyl- 
mercuric nitrate and yeast extract also retain germicidal power 
against E. coli and a hemolytic strain of S. azwezss when tested by 
the cup plate method, and similar conibiriatioris permit the growth 
of chick epitheliuni i t i  tissue culture. An extension of these studies 

TARLEi [. 
Effect of Phenylmercuric Nitrate and Ti'e:Lst Extract on Growth of R. auras. 

Growth in ce sediment 
Dilution of I \ 

phenylmereuric nitrate No extr:Lct 1% extract 

1 : 200'000 
1 : 300,OOO 
1 :400,000 
1 :500,000 
1 : 1,000,000 
1 : 2,000,000 

No phenylrnercuric nitrate 

0 0 
0 0 
0 0 
0 0 
0 A01  
0 .001 

.005 .007 



214 YELLOIV 0.13. -\ST) EXPERIMENTAL LIVER CANCER 

together with clinical investigations are now in progress. 
One percent of an aqueous-alcoholic yeast extract 

protects rat s1;in against the tosic eff'ects of phenylniercuric nitrate 
in a dilution of 1 :100.000 as determined by respiration measure- 
ments. A similar amount of !-east extract does not impair the 
germicidal efficiency of phenylmercuric nitrate against 5'. Ix.wei/is in 
dilutions as low as 1 :500,@30 under the test conditions. Protection 
of host tissue against toxic action of gerniicides with maintenance of 
germicidal properties is thus suggested. 

Szl i i tn in~y. 
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Failure of Yellow O.B. to Produce Neoplasnis. 

Both butt er-!-ellon- ( p-di metli!-laiiiiiioazobeiizene j and o -amino- 
azotolueiie are l;no~\-ii to he liiglil!- effective in producing liver cancer 
iii rats.l Since the former dye has been used to color oils, oleo- 
margarine. and other vegetalile iat substitutes for butter, and Yel- 
low O.B. (l-o-tolylazo-13-iia~,htli~-laiiiiiie), and Yellow A.B. (l-phenyl- 
azo-2-naphthylaniiiie 1) , oil-soluble coal tar dyes are perniitted in 
this counti-p to color foodstuffs. the possibility of their acting in an 
analogous manner to butter-yellow cannot be overlooked as these 
substances are sonien-hat 1-elated in structure to butter-yellow and 
o-aminoazotolueiie ( Fig. 1 1. 

~-N=N-c)-N(c H ~ ) ~  

(B US. -t e r - Ye I I ow) 

0-N= N-C)-NH~ I 
I 

C h i  c% 
(0 -A m i noazo t o lu en e) 

FIG. 1. 

(Yellow 0 . B )  

O - N = N ~  
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