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TABLE I. Effect of Adjuv,ants on the Adaptation of  IB45 Virus to  Mice. 

No. of No. of  
Ad jurant trials passages Virus 

None 
IT. influenza, living cells, A* 

’ heat-killed cells, A 
” streptomycin treated, A 
” glyeine extract, A 

” living cells added once ’, 
’ glyciiie extract dialyzed, A 

filtrate of cells frozen and thawed 20 times, A 
D, pneumoniae, type IIS,  heat-killed cells, 9 
Group A beta hemolytic streptococci, heat-killcd, A 
V.  comma, boiled 1 hr, A 
Pneumococcus Group I S 1  polysaccharide, A 
8. comma, filtrate of 10-day broth culture, A 
3% chicken red blood cells, A 

Laked 3% chicken red blood cells, A 
Powdered pyrex glass, A 
Soluble starch, A 
Kaolin, A 
Glycine, A 
1% gum arsbic, A 

9 ,  I Y  ? Y  7 )  7 ,  heated, 1~ 

5 
2 
5 
1 
3 

1 
1 
1 
1 
1 
1 
1 

2 
1 
1 
1 
1 
1 
1 

7 
I 

9 
1 

3 3 4 4 6  

6 7 8 8 1 0  
3:2j, ’ 
8 ) ” ’  
6,10715 

3 
8 
7 
7 
4 
6 
6 

8,23 

498 
44 
9 
8 
8 
8 
4 
8 

Ah 
P 
I’ 
P 
P 
P 
Ab 
Ah 
P 
P 
P 
P 
P 
P 
P 
Ah 
P 
P 
P 
Ab 
S b  

A“ = Added cach passage. 
I n  the series in which living cells of H .  inflaenxae were added, and 27 passages in mice made, 

the adjuvant was omirtted after 4, 8, 1 2  and 20 passages, and the virus remained present froni 
5 t o  15 passages thereafter; further passages were not made. Occasional titrations in mice 
showed infectivity titers of a t  least l o 4  t o  10-5. 

I n  the series in which a dialyzed glycine extract was the adjuvant, it was discontinued after 
the 20th passage, and the virus continued to propagate ; the animals died and showed lesions to 
the same extent as before. 

Ab = Absent. P z Present. 

is no evidence that any one of the prepara- 
tions possessed greater action than the others, 
altholugh the addition of killed bacterial cells 
seemed to give somewhat more rapid adapta- 
tion of the virus in the mouse than cell ex- in mice. 
tracts or non-cellular substances. An influ- 
enza B virus that was initially non-inlfective 
for mice became infective when certain ad- 

juvants of bacterial or non-bacterial origin 
were added to each passage of virus. A pro- 
cedure such as this (may be useful in the 
isolation and adaptation of influenza viruses 
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Protective Effect of Salt o’n Reduction of Viscosity of Sodium Thymonu- 
cleate Solutions by Heat. (18182) 

TORU MIYAJI* AND VINCENT E. PRICE.  (Introduced by H. M. Dyer) 
From the Y a t i o n d  Cancer Institute, National Institutes of Health, Bethesda, M d .  

The high viscosity of aqueous ,solutions of a variety of agents. Among these are added 
sodium Nthymonucleate, which is character- salts (1,2), heat (1) , changes in pH(3), and 
istic of the polymerized, asymmetric molecular ultraviolet (4) and X-irradiation (5-8). The 
state of this material, is readily reduced by 

1. Hammarsten, E., Biockem. Z., 1924, v144, 383. 
2. Greenstein, J. P., J .  Nut. Cancer Znst., 1940, * Special Research Fellow, National Cancer Insti- 

tute; on leave from the University of Osaka, Japan. v l ,  7’1. 
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nature of the action of these agents on the 
nucleate is as yet obscure. The present com- 
munication is concerned with the effect of 
two of these agents, namely salts and heat, 
applied simultaneously. 

,lletlzads and material. Several prepara- 
tions of sodium thymonucleate obtained by 
the modified Hammarsten procedure( 5 )  were 
employed. The relative viscosity of aqueous 
solutions of these materials was measured in 
Bingham and Jackson type viscometers a t  a 
constant external pressure of 6 cm H20 (cf 2 ) .  
Salt mixtures with nucleate were prepared 
by adding known volumes of salt of designated 
concentration to equal volumes of nucleate 
solution. The heating experiments were per- 
formed by immersing solutions in a carefully 
controlled hot bath. 

Experimental. Thymonucleate solutions in 
water show a slow but definite decrease in 
viscosity on standing. IVhen, however, such 
solutions are treated with sodium chloride to 
0.5 31 concentration, there is an immediate 
fall in viscosity to a value which is main- 
tained quite constant over many days. This 
phenomenon suggested that added salt might 
protect the nucleate against the spontaneous 
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TABLE I. Protect iye ,2rtion of Sal t  011 Heated 
S ( I lu t i o 11 s of So cli uni Thpn o 11 ucl e:t t e . ++ 

R el R t iw Yise osit J- f 

( ' on t ro l  (no  salt) 13.6 3.3 
'7 8.1) 8.9 

8.8 8.7 
i . 8  

1 
O..j 7.9 
0.1 ti. C, 3.4 
0.0l i .4 2. i  
(l.001 12.2 3.4 

..- Final concentration of nucleate 0.5%. 
t d v n i  H,O external pwssure. 
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5 .  Sparrow, .4. H., and Rosenield, F. M., Science, 
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diminution in its viscous property and per- 
haps even against induced falls in viscosity 
by such agents as heat. 

Stock solutions of 1.0% nucleate were di- 
luted by  equal volumes of either water or 
NaC1 solutions of various concentrations. The 
mixtures were then heated a t  70" for 20 
minutes, cooled rapidly to 30°, and their 
relative viscosities measured a t  this tenipera- 
ture. .4t concentrations of 0.5 M NaCl Gr 
higher, heating had apparently no effect on 
the viscosity of the nucleate solutions. The 
data are given in Table I. 

Similar results to those in Table I were 
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TABLE 11. Rerersibility of the Protective Action 
of Sodiuin Chloride. 

~~~~ 

Relative viscosity3 

Xuclrate iik H20 2 i .3  - G.4 3.4 
27.3 5 3.8: 3.3 

Kuclcnte in salt 12.8 - 10.2 3.9 
12.8 12 10.2: 3.6 

7 .  

7 ,  

*Viscosities measured a t  30" and 6 em H20 

t Final concentrations of nucleate and sodium 

$ Refers to the viscosity of the heated solutions 

external pressure. 

chloride O..3rc and 1.0 35, respectively. 

after dialpis.  

obtained with potassium chloride and mag- 
nesium chloride. 

Fig. 1 descrilbes 'the effect of heating at 
various temperatures on the viscosity od 
aqueous and of salt-containing mixtures with 
nucleate. Final concentrati'ons of nucleate 
and of sodium chloride were 0.5 and 1 M, 
respectively. The period of heating was 20 
minutes. .4t temperatures over 85" ,  mix- 
tures of nucleate and salt sometimes yielded 
a small amount of white precipitate. 

The structural c'haracter of the viscosity of 
the nucleate heated in the presence of salt 
is revealed in Fig. 2. 

The reversibility of the salt protection was 
demonstrated by dialysis. Aqueous and salt- 
containing solutions of nucleate were heated, 

dialyzed, made up with water to equal con- 
centrations of nucleate as measured spectro- 
photometrically in the ultraviolet, and heated 
again. Several such experiments revealed 
without exception that after loss of salt by 
dialysis the nucleate solution suffered a loss 
in viscosity on heating. A sample experiment 
is described in Table 11. An interesting find- 
ing is that not only does salt protect against 
the effect of heat, but also apparently against 
the equally marked effect of dialysis on re- 
ducing the viscosity of the nucleate solution. 

In  another series of experiments, water and 
sodium chloride solutions (2M) were added 
to equal volumes of heated 1.0% nucleate so- 
lutions in water. Only a m'arked decrease 
in viscosity resulted after addition of the 
salt solution. The salt must be present while 
heating the nucleate solution in order to pre- 
vent the viscosity drop. 

Summary. The viscosity of aqueous solu- 
tions of sodium thymonzrcleate is reduced 
both by heating and by addition od sodium 
chloride and other salts. If, however, the 
nucleate solution is heated in the presence of 
a sufficiently high concentration of salt, there 
is no further decrease in viscosity beyond 
that induced by the salt. The protective 
effect of the salt is reversilble, for if the salt 
is removed ;by dialysis from the heated nu- 
cleate-salt mixture, the residual aqueous so- 
lution of nucleate again suffers a marked re- 
duction in viscosity on heating. 
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Human Plasma as a Source of Prothronibin in the Ac-Globulin Assay." 
(18183) 

JOHN H. OLWIN. (Introduced by W. H. Seegers) 
From the Department of Surgery ,  The PIesbyterian Hospital of the City  of Chicago, afiliated 

wi th  The College of Medicine, University of Illinois. 

The approach to the problems of blood 
coagulation from the point of view of study- 

ing single factors received a major stimulus 
with ,the development of the 2-stage prothrom- 
bin assay by Warner, Brinkhous and Smith * This study was 'upported by grants from Mr* 
(1). Th,is provided for the measure of pro- 

Wm. 8. Kidston, t h e  Otho S. A. Sprague Memorial 
Institute Fund and the Arthur Dean Bevan Endow- 
ment (-Anna L. Bevan Trust). 

1.  Warner,. E. D., Brinkhous, K .M., and Smith, 
H. P., A m .  J .  Physiol., 1936, v114, 667. 


