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supplemented with only vit. BIZ and folacin. 
However, liver fat of the SID strain rats was 
33% (dry basis) as compared to 62% for the 
AES strain rats. (3) The addition of vit. 
BIZ and folacin to the basal diet supplemented 
with suboptimal choline chloride markedly 
suppressed the accumulation of fat in the 
liver, reduced the incidence of renal damage 

and increased the choline content of the livers 
of the SD strain of rats. Liver fat values 
averaging 12.8% (dry basis) were obtained 
with a 0.20% choline chloride supplement in 
the presence of vit. BIB and folacin as corn- 
pared to a requirement of 0.40% choline 
chloride in the absence of vit. BI2 and folacin. 
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I t  has been shown(1) that oxygen has a 
marked effect on the survival of X-irradiated 
Escherichia coli B/r. -4 striking increase in 
survival was attained by saturating the bac- 
terial suspensions with nitrogen before ex- 
posure to X-radiation. In  this study, the 
X-ray sensitivity of E .  coli B/r in the presence 
of 2,3 dimercaptopropanol ( B-AL), sodium 
hydrosulfite, and ethanol has been examined. 

Suspensions of E .  coli B/r cultured aerobic- 
ally 20-24 hours in nutrient broth (Difco) 
were washed and resuspended in 1/15 M 
phosphate buffer. -\ 0.1 nil portion contain- 
ing about 1O1O cells was introduced into each 
of several 2 ml test tubes .together wi’th 0.9 
ml of the test compound in phosphate buffer. 
Buffer solutions 0.04 11 in sodium hydrosulfite 
and solutions 3.5 M in ethanol were used in 
examining the protective ability of these corn- 
pounds. Dispersions equivalent .to 0.04 M 
BAL were prepared by shaking in buffer a 
short time before addition to the suspensions. 
These were shown in other experiments(2) to 
be the maximally effective concentrations of 
these agents. 

The diluted suspensions were cooled to 2 O C 
and maintained at  this temperature during the 
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exposure to X-radiation. The source of 
X-rays was a Maxitron 250 unit operated at 
250 kvp at  30 ma (3 mm added aluminum 
filter). The test tubes were held in a slanting 
position, a t  a 35” angle from the horizontal, 
under the X-ray tube by a circular ludte 
holder containing ice and ice water. The ir- 
radiated suspensions were diluted with nu- 
trient broth and aliquots transferred to several 
broth agar plates, the average number of 
colonies developing in 24 hours a t  37°C being 
used to calculate the number of survivhg 
cells. 

The log of the survival of E .  coli B/r grown 
under aerobic conditions is a linear function 
of the X-ray dose, at least over the range 
15,000 to 90,000 r. This relationship is illus- 
trated in Fig. 1 for untreated suspensions and 
for suspensions which have been bubbled for 
15 minutes with nitrogen immediately before 
the exposure period. As shown in Fig. 1-2, a 
similar relationship also obtains in the pres- 
ence of BAL, sodium hydrosulfite, and 
ethanol. 

The protective action of a chemical agent 
can !be expressed simply as the ratio of the 
X-ray dose required to kill a given number of 
cells in .the presence of the compound to that 
required in the absence of the compound. 
This method of presenting data is essentially 
that used by Kelner(3). “Isoefficiency ra- 
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FIG. 1. Effect of nitrogen saturation and d u r n  
hydresuEte on survival of E.  wZi B/r suspensions 

X-irradiated at 2°C. 

tios” calculated from data presented graphi- 
cally in Fig. 1-2, are given in Table I. 

The “isoefficiency ratio” for BAL, which 
has 2 sulfhydryl groups, is about twice that 
found for other compounds which have only 
one sulfhydryl group, e.g., cysteine, mercapto- 
succinic acid, mercaptopyruvic acid, and 
2 (2mercaptoethoxy) ethanol using equiva- 
lent molarities. I t  might be considered that 
the sulfhydryl compounds have the ability to 
protect the enzyme systems in bacterial cells, 
since Barron(4) has shown that cysteine and 
glutathione protect X-irradiated enzyme sub- 
strates. However, the entrance of these com- 
pounds into the lbacterial cell has not been 
shown. The protective action of cysteine in 
mice under certain conditions has been demon- 
strated by Patt ( 5 ) .  

Because sodium hydrosulfite is a strong 
reducing agent and combines rapidly with 
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molecular oxygen in aqueous solution, its 
mode of action may be simply a removal of 
oxygen from the bacterial suspensions. Ref- 
erence has already been made to the finding 
in this laboratory that a reduction in the 
oxygen tension of E.  coli B/r suspensions be- 
fore X-irradiation increases the survival. I t  
may be speculated that the removal of mole- 
cular oxygen, either by a chemical agent or by 
bubbling an inert gas through the suspension, 
interferes with the production of highly re- 
active radiodecomposition products (6-13). 
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FIG. 2. Ef€ect of ethanol and BAL on survival of 
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TABLE I. Isoefficiency Ratios* for Nitrogen, BAL, Ethanol, a d  lSodium Hydrosulfite Calcu- 
lated from Data Presented in Fig. 1 and 2. 

Sodium 
Sitrogen BAL (0.04 31) Ethanol (3.5 M) liydrosulfite (0.04 M) 

-- _ _ _ _  
Dose ratio 3.2 4.0 3.1 3.7 

( p  = 10-1 survil-al) -- - - . .- - __ 
kr required t o  give p survival in presence of agent 

kr required to give p survival without agent 
~- ,+ Isorfficiency ratio =I ~ 

However, since the “isoefficiency ratio” for 
sodium hydrosulfite is higher than that found 
by saturating the suspension with nitrogen, it 
seems worth while to further investigate the 
protective action of sodium hydrosulfite. 

Methanol: 2-propanol; l-butanol: 2-meth- 
yl-l-propanol: 2-methyl-2-propanol; 1,2,3- 
propanetriol : 1.2-propanediol; and 1,2-ethyl- 
enedioxydiol are about as effective as ethanol 
on a molar basis. 

The concentration of ethanol necessary to 
effect the large increase in cell survival of 
E .  coli B,’r (Fig. 2 )  is much higher than the 
concentrations reported to interfere with the 
X-ray inactivation of trypin ( 14). However, 
ethanol in lower concentrations (0.02-0.1 M )  
has ‘been found to increase cell survival if the 
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suspensions are incubated in its presence at  
higher temperatures (2 5-3 7 “C) prior to ir- 
radiation. 

Summary The X-ray sensitivity of E .  coli 
is reduced if the cells are irradiated in the 
presence of certain chemical agents. BAL, 
ethanol, and sodium hydrosulfite increase the 
dose required to kill a given number of cells in 
suspensions at  2°C by a factor of 3-4. Other 
sulfhydryl compounds, glycols, and low-mole- 
cular-weight alcohols also increase the sur- 
vival of E .  coli suspensions. 
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Shortly after the intravenous injection of 
thyroxin labelled with radioactive iodine, 
much of the radioactivity can be demonstrated 
in the liver, gastrointestinal contents and 
feces( 1,2 ) . Most of the gastrointestinal and 
fecal iodine is no longer in the form of thy- 
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roxin( I ) .  Since thyroid hormone appears to 
circulate in the form of thyroxin(3) it might 
be concluded that the liver normally plays an 
important part in the isolation, destruction 
and excretion of circulating thyroid hormone. 
However, the sudden introduction of a test 
material into the bloodstream may cause a 
transient elevation in the concentration of the 
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