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tht. reaction, or possibly to the presence 
of minute amounts of contaminating glu- 
cose in their slmples. 

T h e  minimum concentration of glu-
cose which reacts ~v i th  the cnzyine stick 
is about 0.002 percent in water and 0.01 
to 0.05 percent in urine. This indicatcs 
thc small amounts of glucosc that would 
have to be nrcsent in the commercial 
sugar samples to givc the r~su l t s  01,- 
tained. I t  is iinpressivc that, after glucose 
removal, none of the sugars in urinc 
gavc a positive reaction a t  a concentra- 
tion less than 20 nerccnt. This concentra- 
tion is much more than is ever encoun- 
tered in any of the benign meliturias ( 3 ) .  
Accordingly, the specificity of the test is 
demonstrated. 
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Effect of Bone Marrow Treatment 
on Mortality of Mice 
Irradiated with Fast Neutrons 

Lethality following acute whole-body 
x-ray irradiltion of labor~tory animals 
can be greatly reduccd by injecting a 
suspension of normal bone marrow cells 
into the animals after i r radi~t ion ( I  ). 
Increases in the prob:lbility of recovery 
of guinea pigs following chronic gamma- 
ray irradiation and follorving the mixed 
radiation from an  intravenous iniection 
in mice of a sodium citrate solution con- 
taining radon in equilibrium tvith its de- 
cay products have also been r ~ p o r t e d  fur 
the same bone marrow treatment ( 2 ) .  A 
further test of this treatment for mice 
following irradiation by fast neutrons is 
described in this report (3) .  

the completion of irradiation. I n  all but 
onc exp-riment reported here, each 
treated mouse received the bone marroT\ 
taken from the shafts oE cight femurs. 
Control and test animals T\ ere identically 
caged, 3 to 6 to a cage. Pur im labora- 
tory c h o ~ \  and T\atcr werc supplied ad 
lzb~tu?n.I n  311 experiments, survival was 
checked daily up to 30 days, and in some 
experiments average body weights of 
treated and control group? wcrc fol lo~j  ed. 

Tdblc 1 gives the inortality results for 
seven experiments and the totals for all 
experiments. I n  every experiment, the 
30-day inortality was greater among the 
control animals than among the a n i m d l ~  
treated with bone marrow. The  most pro- 
nounced effect of thc treatment as the 
5/1 reduction in the totals in the prob7- 
bility of inortality during thc second 
T\ eek of animals survivinq the first ~ \ e e k .  
Ninety-set en percent of all dcaths oc-
curred ~ j i th in  2 ~ \ e e k s  after irradiation. 

Applications of the chi-squ~re  statisiic 
to thc totals indicated that the reduction 
in mortality following bone marrow 
treatment was significant a t  the I-percent 
level for 30-day mortality, 14-day mortal- 
ity, and mortality during the second 
week, and at the 4-percent level for 
7-day mortality, but was insignificant for 
5-day mortality. Application? of th.2 
three-dimensional chi-square test ( 5 )  to 
the totals of LAF, and 101 x C,HF, 
mice indicated that:  ( i )  at thc 10-per- 
cent level, bone marrow treatment of 
LAF, mice was more effective than 
treatment of 101 x C,I-IF, mice, but this 
may be because of differences in the mor- 
talitv levels in controls for the ttvo 
strains; and ( i i )  that there was no sig-
nificant difference in the effectiveness of 
treatment of males versus females. 

Curves of the avcragc ~veightr of thc 
survivors a t  each day for the-first three 
experiments showed that thc control ani- 
mals reached a minimum of about 73 
percent of their initial weight a t  8 days 
postirradiation but asymptotically ap-
proached the initial weight at 30 days. 
T h e  hone marrow trcatcd aniinals 
reached a minimum of about 76 percent 
of their initial weight a t  6 days and 
asymptotically approached their initial 
~je ight  a t  30 days. T h e  effects of sm.111~1 
doses of bone marrow are being investi- 
gaied. T h c  mortality among control ani- 
mals exposed a t  these dose rates to 14-
Mev neutron irradiation was s:)mervhat 
lowcr and latcr than the reported values 
for equal irradiation by lower energy 
neutrons a t  higher dose rates ( 6 ) .  

T h e  fast neutron doses administered 
werc chosen to produce more t h m  50 
percent mortality at 30 days in control 
aniinals. T h e  dose required ro meet this 
condition is a function of the dosc rate, 
average linear energy transfer and pro],- 
ably the ratio of dose to bone marrow to 
that to the gastrointertiilal tract. An in-
lcstigation of the relative biological ef- 
Fcctivencss for acute lethalitv in the KF 
i4i,lln of mice as a function of these 
pqrameters is in preparation ( 7 ) .  T h e  
hiqher concentration of elements with 
atomic tveights greater than 20 (for ex- 
ample, calcium and potassium) and 
lower coricentration of hydroqen in bone 
than in \vet tissue tend to make the ratio 
of bone mnrrow dose to tissue dose other 
than unity. The  ratio of the first colli- 
sion dose rate in a large homog~neous 
bone to the dose rate in \vet tissue ex-
posed to the same 14-Mrv neutron flux 
is estimated as about 0.75.This value is 
only an approximation to the value ob- 

Tablr 1. Effect of hone marrow treatment on mortality from fast ncutrons 

Dose Mortality* during days 

Strain Sex (raci) Treatment 


0- 7 8-1 $ 0-3 0 

RF Bonr marrow? 3/10 1/ 7 6/10 
RF None 1/10 9/ 9 10/10 
101 X CHF1 Bone marrow 2/12 1/10 3/12 
101 X C-HF1 None 31'1 1 2/ 8 5/11

T h e  mice, usually 12 weeks old, were 101 X C3HF1 	 Bone marrow 7/12 1/ 5 8/12 
placed in individual perforated plastic 
tubes a t  a distance of 15 cm from the 
target of a Cockcroft-Walton accelerator. 
Thry  were then irradiated with 14.1-IIev 
neutrons produced by the H3(d,n) He4 
nuclear reaction. T h e  dosc rate in wet 
tissue war 100 to 200 rad/hr. There \va\ 
little gamma contamination ( 4 ) .  I n  each 
experiment, the dose was determined by 
the use of two simultaneous monitors. 
Isologous bone marrow was taken from 
the femurs of normal mzture animlls, 
suspended in Tyrode's solution, and in- 
jected intravenously into h ~ l f  of the ir- 
ridiated animds within a few hours after 

101 X C-HF1 None 7/12 4/ 5 11/12 
101 X CaHFI Bone marrow 3/11 O/ 8 3/11 
101 X CIHFI None 9/12 2/ 3 11/12 
101 X CsHFl Bone marrow 0/12 1/12 1/12 
101 X CiHFl None 3/12 1/ 9 5/12 
LAFI Bone marrow 1/12 3/11 4/12 
LAF, 
LAFI 
LAFl 

None 
Bone marrow 
None 

6/12 
1/10 
2/12 

6/ 6 
o/ 9 
6/10 

12/12 
1/10 
8/12 

Total Bone marrow 17/79 7/62 26/79 
Percentage 
Total 

Bone marrow 
None 

21.5 
31/11 

11.2 
30/50 

32.9 
62/81 

Perc-ntage None 38.3 60.0 76.5 

++ The numerator ~ i v e s  the number of mice that died during thc interval and the denominator aives the 

number lixing a t  the start of the interval. 

t Each of these mice received hone marrow from only 3 donor fenlurs. 




 dining in the bone marrow of a mouse 
because of the uncertainties in atomic 
composition of bone and bone marrow 
and because of the lack of homogeneity 
of composition in volumes encompassing 
the range ( u p  to about 2 m m )  of the re- 
coil protons (the most important and 
energetic ionizing particles produced by 
fast-neutron irradiation). I n  contrast to 
the fast-neutron case, in typical x-ray 
irradiations, this ratio in homogeneous 
bone is perhaps 3 ( 8 ) ,  and the appli- 
cable value of the ratio is subject to the 
same kinds of uncertainties as for neu-
tron irradiation. Also because of the rela- 
tive compositions, the ratio of the aver- 
age linear energy transfer in bone to 
that in wet tissue is probably less than 
unity in photon irradiations and greater 
than unity in neutron irradiations. 

I n  a general way, most acute irradia- 
tion death!. have been classed as caused 
by gastrc';;.cstinnl or bone marrow dam- 
age (9j . In gastrointestinal damage, 
deaths in nice tend to occur within less 
than 7 days after irradiation and in bone 
marrolv damage during the second ~veek 
alt'r irradiation. Considering the charac- 
teristically sharp break in the shapt of 
mortality versus dose curves and :hi* 
ratios of dose in bone to that in wet tis- 
sue, one might anticipate that a change 
from x-ray to fast-neutron irradiation 
would markedly increase the percentage 
of gastrointestinal deaths in irradiations 
with equal over-all mortality. This has 
been found by various workers. Further- 
more, owing to the increase in gastro- 
intestinal death, against which bone 
marrow treatment is expected to be in- 
effective, one might anticipate that bone 
marrolv treatment would I:e less effica- 
cious against death (from all causes) 
following fast-neutron irradiation than 
following x-ray irradiation. At best, the 
frequency distribution of mortality might 
bc shifted to that of gastrointestinal 
death alone. 

Comparison of the results of the pres- 
ent fast-neutron irradiation experiments, 
in which bone marrow treatment pro-
duced a significant reduction in mor-
tality only after the period assigned to 
gastrointestinal death, with previous 
x-ray irradiation experiments ( I  ) sup-
ports these conclusions. 
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New Principle of 

Preparative Electrophoresis 

Electrophoresis is potentially the most 
elegant and efficient mcthod for protein 
fractionation and isolation. Even before 
the adaptation of the method to analytic 
purposes by l'iselius, there were numer- 
ous attempts to utilize it  for preparative 
purposes. The  older literature has been 
well reviewed by Svensson (1) and the 
more recent upsurge of various apparatus 
designs has also been partially reviewed 
( 2 ) .  

Some of the older electrophoretic 
methods were based on the electrode-
cantation principle of Pauli (3 ) .  Pro-
teins, and other charged colloids, when 
cxposed to a direct-curent electric field 
xi11 migrate toward one of the electrodes 
and, therefore, will accumulate in the 
immediate neighborhood of a semiper-
meable membrane placed in their path 
of migration. This layer of increased 
colloid concentration will, by virtue of 
its higher density, settle to the bottom 
of the vessel, where it can be withdrawn 
separately from the bulk of the solu-
tion. This principle was also adopted by 
Icirkwood et al. ( 4 )  in the electrophore- 
sis-convection method, using certain ele- 
ments of the Clusius column. 

Based on the fact of the accumulation 
of charged colloids in the ininiediate 
neighborhood of a semipermeable mem- 
brane, a new method of preparative 
electrophoresis was developed, which is 
best described by the functional name, 
continuous free-boundary Pow-eleclro-
phoresis ( 5 ) . The  method takes advan- 
tage of the laminar flow of liquids, and 
its principle can be illustrated with the 
aid of the diagram presented in Fig. I .  
An electrophoretic cell is constructed of 
t ~ v o  outer semipermeable menibranes A 
and A', defining the size of the cell, and 
held stretched in a plastic frame (not 
shown in the diagram). The cell is im- 
rnersed in a circulating, cooled buffer, 
and a direct-current electric field can be 
established across the membranes. T h e  
t'rvo membranes are kept parallel, 3 to 4. 
mm apart, while a third semipermeable 
membrane B is inserted between them 
part way into the cell. The  cell is thus 
di~.ided into three compartments, two at 

the top and a comnlon one at the bot- 
tom. All three compartments have means 
for continuous input or withdrawal of 
the colloid solution. 

If it is assumed that the solution to be 
fractionated contains two proteins, dif-
fering in their electrophoretic mobility 
or isoelectric points, then the pH of the 
solution and of the outside buffer is ad- 
justed close to the isoelectric point of 
one of the nroteins. T h e  solution is con- 
tinuously fed into one of the top com-
partments, and the polarity of the cur-
rent is selected so that the other protein, 
the mobile one, migrates toward the 
outcr membrane of the compartment, as 
indicated by the short arrows in Fig. 1. 
T h e  rate of flow of the vertical column 
of liquid is adjusted so that the migrat- 
ing protein can reach the outside mem- 
brane by the time the liquid containing 
it reaches the bottom of membrane B. 
This migrating protein will habe formed 
a layer of increased concentration in the 
immediate neighborhood of the outer 
membrane, and will be withdrawn cjuan- 
titatively in that part of the liquid which 
is collected through the bottom compart- 
ment. The  other protein, at, or close to 
the isoelectric point, will not have been 
influenced by the electric field, and 
~vi l l  therefore be uniformly distributed 
throughout the liquid. I t  can therefore 
be withdrawn from the other top com-
partment. 

l h e  inflowing liquid is thus sepnrsted 
into t1v0 fractions. The  bottom fraction 
contains all the migrating proteins, but 

Fig. 1. Continuous free-boundary flow-
electrophoresis apparatus. A, A', outer 
membranes ; B, intermediate membrane ; 
X, input of solutions; Y,Z,withdrawal 
of solmtions. 
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