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SPECIAL ARTICLES 

D I M I N I S H I N G  R E S P O N S E  O F  T H E  S K I N  T O  


F R E Q U E N T L Y  R E P E A T E D  REINFEC-  

T I O N  W I T H  INVASIVE BACTERIA 


INexperiments concerned mith the mode of action 
of sulfanilamide we wished to make observations on 
the difference in the response to the drug by a priinary 
infection as compared to the response found once a n  
infection had been established. I n  devising the experi- 
ments me felt that injecting four or five small doses 
of the bacteria in different parts of the skin, a t  inter- 
vals of a few hours, would give more information than 
injecting a single large dose. As a p~elinlinary step 
leading to this study, rabbits were injected intrader- 
mally, following this procedure but without sulfanil- 
amide being administered. The main purpose of this 
preliminary note is to describe a phenomenon which 
was encountered constantly in the course of these 
studies. Details of the experiments will be published 
in the Pale Journal of Biology ccvzd Medicine. 

Two groups of bacteria were studied, ( a )  two strains 
of Strel2,tococct~s hemolyticus and two strains of 
Staphylococcus aureus, which were invasive bacteria 
and l~roduced large amounts of spreading factor, and 
( b )  two strains of E. coli and one of S.anoliunz, which 
were not invasive and did not produce spreading fac- 
tor. Broth cultures of exactly the same age were em- 
ployed for  the injections in each rabbit. I n  general, 
the amount of bacterial culture administered in each 
injection was that which when injected f o r  the first 
time into rabbits would induce lesions measuring from 
1 0  to 20 sq cm after 24 hours. F o r  instance, ~vhen 
streplococcus was employed 0.1 cc of 18-hour broth 
cultui-e was usually injected; when E. coli was em-
ployed 0.5 cc of culture mere injected. 

I t  was f o u ~ i d  that when the invasive bacteria mere 
injected in  four or five identical doses vithin a period 
of from one to twenty-four hours, using a different 
part of the skin fo r  each injection, the resuIting 
lesions, measured t ~ ~ e n t y - f o u rhours after injection, 
sho~ved marked differences both in severity and in the 

area through which the infection had spread; the sec- 
ond lesion being smaller and less severe than the first; 
the third smaller than the second, and the fourth and 
fifth, when present, smaller and much less severe than 
all the lesions resulting from earlier injections. These 
results mere not affected bx the site injected. The phe- 
nomenon may distinctly manifest inself as early a s  
one hour after the first injection. ~ r e ~ u e n t l ythe area 
of the lesion resulting from the last injection was a s  
much as fifteen times smaller than that resulting from 
the first; indeed, oftentimes such lesion was no more 
than a pimple. 

This phenomenon of the diminishing skin response 
mas completely absent in infections caused by E. coli 
and S. anolium. However, when larger doses of these 
non-invasive bacteria were given so as to induce a 
more severe first lesion, a slight decrease in  the re-
sponse to the following injections was sometimes ob- 
served; and if the same amounts of bacteria were 
injected together mith spreading factor either from 
streptococcus or from testicle extracts so that very 
large first lesions were induced, then the phenomenon 
was clearly present. 

Antibodies were not found in the serum by the usual 
serological tests, and blood counts made a t  different 
intervals showed no unusual o r  marked variations. 

These findings led us to make identical experiments 
with heat-killed bacteria and with bacterial filtrates. 
The results were a s  follows: 

The phenomenon was practically never present when 
the bacteria, either invasive or lion-invasive, mere 
killed by heat. I n  testing the filtrates India ink was 
used as an indicator of the area through which each 
inoculum spread. Filtrates of non-in~asive organisms 
failed to spread at  all, and the area of spread of all 
inocula was the same. Streptococcus filtrates, en-
dowed with a pronounced spreading power, seemed t o  
elicit the phenomenon in some instances, and not in  a 
very marked degree. 

I n  identical experiments in which dilution of rattle- 
snake venom, a secretion containing much spreading 



factor, JTas substituted f o r  the streptococcus filtrate, 
but without using India ink, the same inconclusive 
results were obtained as when the bacterial filtrate was 
employecl. 

As regarding the effect of sulfanilamide on the phe- 
nomenon, it is difficult to make a conclusive statement 
in a preliminary note. The individual results mill be 
analyzed separately when the work is fully reported. 
At  present the point with 71-hich we are mainly con-
cerned is the phenomenon which occurs with invasive 
bacteria without the aid of snlfanilamide. 

INDUCED FORMATION O F  P-GENTIOBIO-

SIDES I N  GLADIOLUS CORMS AND 


TOMATO PLANTS TREATED 

W I T H  CHEMICALS 


?Then potato tubers (Sola~zz~?iatuberosum L.) or  
Gladiolus corms are  treated with ethylene chlorohydrin 
in  order to break the rest period,l the ethylene chloro- 
hydrin absorbed by the tissues is converted into fl-
2-chloroethyl-d-gluco~ide.~Further experiments with 
other plant tissues and mith additional chemicals have 
shown that the formation of glycosides with the intro- 
duced chemicals serving as  aglucons can take place 
quite generally among the higher plants3 Unpub-
lished results with carrot roots (Daucus carota L. var. 
sativn D.C.) and wheat tops (Triticum aesti~trnz L.) 
have shown that these plants also form 6-"ichloro-
ethyl-cl-glucoside from absorbed ethylene chlorohydrin. 
However, when gladiolus corms are treated with 
o-chlorophenol, the glycoside formed is not P-o-chloro- 
phenol-cl-glucoside even t h o ~ ~ g hcorms of the same 
variety form a 8-glucosicle when ethylene chlorohydrin 
is absorbed.* The acetyl der ivat i~e of this o-chloro- 
phenol glg-coside from gladiolus corms mas prepared 
by acet~lat ing the material obtained by continuous 
extraction ~v i th  ethyl acetate of a n  aqueous extract of 
treated corms had been precipitated v i t h  lead ~ v l ~ i c h  
acetate, deleacled with hydrogen sulfide and concen-
trated XI-ith reduced pressure. After several recrystal- 
lizations from absolute ethaiiol, i t  meltecl a t  207.5' 
to 208.5' (Corr.) and had a specifie rotation [ a ]go 
=-49.4' (CHCl,, Concn. 2.66 g in 100 cc). Tests 
with partially purified preparations of the glycoside 
from aqueous extracts of the corms had sho~vn that on 
emulsin hydrolysis two moles of reducing sugar, cal- 
culated as glucose, are  liberated for  each mole of 
o-chloroph~nol set free, and preliminary studies mith 

1 F. E. Denny, An&.Jour. Bot., 13: 118, 1926; Contrib. 
Boyce Tho?npson Inst., 8 :  473, 1937. 

2 Contrzb. B o j c e  Tko?~~psonInst., 9:  425, 1938; 10: 
339. 1939. 

3'ym. Jour. Bot., 25: 15s, 1938. 
4 Contrib. Boyre  Tho7npson Inst., 11: 25, 1939. 

the benzimidazole derivatives5 indicated that both 
sugars conlprising the disaccharide were d-glucose. 
This suggested that the glycoside might be a gentio-
bioside and accordingly P-o-chlorophenol-gentiobioside 
heptaacetate was synthesi~ed.~,  The melting point 
and specific rotation of this synthetic gentiobioside 
were identical with the corresponding values for  the 
isolated acetyI glycoside. Theory for  C,,I-I,,O,,Cl: 
C, 51.44; H, 5.26; Cl, 4.75. F ~ u n d : ~C, 51.45; 11, 
4.97; C1, 4.60. The propionyl derivatives of both the 
ap the t ic  and gladiolus glycoside were also prepared 
and melted a t  178.5' to 17g3 and a mixed melting -
point determination sho~~ec l  no depression. The gly- 
coside formed in gladiolus corms is thus shown to be 
B-o-chlorophenol-gentiobiosidc.The quantity of P-o-
clilorophenol-gentiobioside formed in the treated corms 
a ~ e r a g e d  about 0.5 g per 100 cc of expressed juice. 

T h e n  tomato (Lycopersicon esczilentu?iz AG11.) plants 
vere grown in sand cnlture supplied with a complete 
nutrient solution, and 0.1 to 0.2 millimole of o-chloro- 
phenol added daily fo r  about 15 days and then sam-
pled, the roots mere found to contain about one milli- 
mole of an o-chlo~~ophenol glycoside per 100 cc of es-
pressed juice. This glycoside mas also P-o-chloro-
phenol-gentiobioside, since the acetyl and propionyl 
derivatfes had the same melting point and showed no 
depression in mixed melting point determinations with 
the corye,ponding synthetic gentiobiosides. A B-gly-
coside was also formed when tomato plants were grown 
in the presence of chloral hydrate. The acetyl derivn- 
live of the glycojide, melting a t  1 M 3  to v a s  
obtained from both tops and roots by a procedure 
similar to that pre7-iously used for  the preparation 
of 0-2-chloroethyl-bglx~cosidetetraacetate from gladi- 
olus T h e n  trichloroethyl alcohol was added to 
the nutrient medium instead of choral hydrate, the 
same glycoside was formed. Synthetic heptaacetyl 
P-trichloroethyl-gentiobioside,
p r e p a ~ e d  by the reaction 
bet~vern trichloroethy1 alcohol and heptaacetyl-bromo- 
gentiobiose in the presence of silver carbonate, had 
the same m ~ l t i n g  point, and it thus appears that the 
tomato plant forms P-trichloroethyl-gentiobiosicle from 
110th chloral and trichloroethyl alcohol. I t  is of inter- 
est that in the cletoxication of chloral in the tomato 
plant, as in animals, a reduction to the correspondillg 
alcohol takes place. 

These results indicate that gentiobiose i3  more widely 
distributed in plants than was previou-ly supposed. 

5 Stanford hIoore and Karl  Paul Lilili, Jorir.. Biot. 
Crzezn., 133: 293, 1940, I am indebted to the-c a u t h o ~ s  
for providing me with a copy of this paper prior to its 
publication. 

6 The 6-oclaacetyl gentiobiose used in this synthesis ~ - x s  
Bindly supplied by Professor Kill iam Lloyd Evans. of 
Ohio State Uni.rrersity. 

'iBurckliard IEIelfericli und Ernst  Schnlitz-Hillel~recht, 
Ber. d. Clte11~.Ges., 66: 378, 1933. 

8 Llieroanalyses by H. Jeanne Thompson. 


