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Effect of Irradiation and of Various ‘Reagents on Viscosity of 
Nucleoprotein Solutions.* (18584) 

ROBERT X. FEINSTEIN. (Introduced by J. 11. Coon) 
From the Toxicity Laboratory and the Depart mtnt of Riorhemistry, Gniversit_v of Chicago. 

The etiects of X-radiation in (a) producing 
chromosome breaks in vivo and (b)  reducing 
the viscosity of nucleic acid and nucleoprotein 
solutions in vitro are well known. Because 
of the partially radiomimetic effects of H& 
it was considered of interest to test the effects 
of H202 in zdro  on nucleoprotein solutions, 
using the relative viscosity of the solutions as 
criterion of effect. Because of the known 
effects of cysteine and related compounds in 
reducing radiation mortality, a study was in- 
cluded of the effects of these compounds on 
nucleopro tein viscosity. 

Esperirmwtal. Thymus chromosomes were 
prepared by the method of ’Itlirsky and Ris 
( 1 ) .  escept that the final suspension in 0.14 
11 KaC1 was made such that each ml repre- 
sented one gram of initial thymus. Immedi- 
ately before use, one volume of this suspension 
was inised with an equal volume of K ’10 
XaOH. Of this 1: l  mixture, 5 ml were 
pipetted into a 2 5  ml Erlenmeyer flask con- 
taining 1 ml of the substance being tested. 
Jlolaritieo listed in the table are those of 
the agent as added: in the final mixture the 
niolarilty is thus 5;6 of that shown. Chemi- 
cals to be tested were used as received, with 
no attempt a t  purification. They were dis- 
solved in slightly less than the proper volume 
of H,O. brought to pH 8.0, and made to 
volume with H20.  Materials of limited solu- 
bility were tiltered before use. 

Procedure. The mixture of 1: 1 chromo- 
somes-KaOH and agent to be tested was put 
into an Ostwald viscometer in a 37°C water 
bath. After an equilibration period of 15-20 
minutes. the passage time was measured. The 
viscometers were kept in the 37’ bath, and 
the passage time was again measured at lthe 
times shown. 

* This twrk was carried out under a research con- 

1. Mirsky. A. E.. and Rk! H., J. Gen. Physiol., 
tract with the Atomic Energy Commission. 
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Results. Effect o j  hydrogen peroxide. In  
preliminary experiments, the effect was tested 
of 0.1 M H202 on 5 volumes of thymus chro- 
mosomes solution. For comparison, 0.1 Ri 
NaCl was used. The viscosity of these solu- 
tions under Ithe influence of HZOZ was con- 
sistently slightly higher than under the in- 
fluence of the NaC1. In succeeding experi- 
ments, however, it was realized that if H20 
was used for comparison, then HZO2 was 
without effect, while 0.1 31 NaCl or 0.1 31 
KCl reduced the viscosity slightly. These 
differences, however, were all so slight that 
this question was not further pursued. 

EBect of Cysteine. The striking effect of 
cysteine on the viscosity of solutions of thy- 
mus chromosomes is indicated in tlhe data of 
Tables I. I1 and 111. There are included 
viscosity data taken at  various times after 
mixture of the chromosome suspension with 
the FaOH and the cysteine solution, since 
this effect is considerably magnified with the 
passage of time. 

Effect of the concentration of thymus on the 
“cysteine effect”. As the alkaline solution 
of thymus chromosomes is furtlher diluted 
with X,’lO SaOH, the effect of cysteine in 
increasing the viscosity is lost. This is 
illustrated in Table I. This diminution in 
cysteine effect is apparently due to nucleo- 
protein (thymus chromosome) concentration 
rather than to the level of the initial visco- 
sity, since preparations of varying initial 
viscosity lost the cysteine effect at the same 
degree of drilution. rather than at the same 
viscosity. 

Effect of the concentration of cysteine on 
the “cysteine effect”. Cysteine at 0.05 M 
or 0.06 31 is ideal for demonstrating the 
effect of cysteine in increasing the viscosity 
of alkaline solutions of thymus chromosomes. 
If the cysteine concentration is decreased to 
0.01 M or less, the viscosity increase is much 
less striking; if the cysteine concentration is 
increased to 0.1 M, the viscosity increase in a 
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TABLE I. Effect of Concentration of Thymus ,on the “Cysteine Effect.” 

r R.elatire viscosity - \ 
Exp. Incubation Thymus dilution - 1 : 1--- -1:125-- - 1:2- 
No. (11r) Agent added CySH” H a 0  Q S H ”  H20 QSH‘ HzO 

1 0 
1 
2 
4 

2 0 
1 
1 
4 

9.3 5.9 
14.5. 6.3 
16.8 6.5 
19.2 6.5 
11.1 7.2 
17.4 8.0 
21.4 8.2 
26.2 8.4 

4.6 
5.1 
5.2 
5.3 
5.9 
6.i 
G.9 
7.3 

4.7 
4.8 
4.8 
4.8 
5.7 
5.8 
5.8 
5.8 

3.1 
3.1 
3.1 
3.1 
3.6 
3.6 
3.T 
3.6 

3.3 
3.3 
3.2 
3.2 
3.6 
3.6 
3.7 
3.6 

* - v  CpSH = cysteine. 

TABLE 11. Effect of CyrPteine and Related Agents on Viscosity of Mkaline Solution of 
Thymus Ch r omosornes . 

Relative viscosity in presence of .05 M substance shown 3 

0 11.1 49.2 50.8 10.3 20.1 11.2 
4 14.4 116.0 >120 12.7 43.0 15.2 
0 5.3 6.6 5.1 5.3 
4 5.6 12.2 10.1 6.0 
0 1’7.3 15.7 14.0 12.3 12.0 12.4 11.7 
4 13.9 33.4 2.5.9 14.6 14.6 14.0 14.7 

* Cystine, uracil, and thiouracil were filtered saturated solutions, appreciably more dilute 
t h u  t.he stated .05 M. 

TABLE 111. Effect ,of Cysteine on X-ray Reduction of Nucleoprotein Viscosity. 
.> Sample KO. 1 ’- 3 4 

X-rayed in pres- X-rayed in ab- S o t  X-rayed ; Not X-rayed ; 
Treatment, ence of cpteine sw~ice of cpteine cpsteine added cysteine not ‘added 

(a) “Prophylactic” effect. 
Viwmityv: zero time 10.4 6.8 11.3 11.5 
3 hr 71.3 6.7 86.7 12.0 
Sample KO. 1 2 3 4 

- 

X-rayed : X-rayed; Not X-rayed; Not X-rayed; 
T r t men t eysteine added cysteiile not added cysteine added cysteine not added 

(b) “Therapeutic” effect. 
Viwmiaity? zero time 9.9 6.9 11.9 11.0 
1% h r  85.8 7.1 62.8 12.2 

X-rayed in l a p r  oa 1 em deep in beaker covered with parafilm and packed in cracked ice. 
Administered 5 0 0 0  r at 20 r per see. 2% KV. 15 millianiperw. No filter used. 

short ltime is so great as to make the use of 
Ostwald viscometers impractical. 

Effect of time of incubation. It will be 
noted from Tables I and I1 that the viscosity 
of the cysteine-containing solutions increases 
with the passage of time. If the cysteine solu- 
tion is replaced by water the rise in viscosity 
is extremely small, if present at all. Oc- 

casionally the viscosity in the presence of 
cysteine has been observed *to rise continu- 
ously for several hours, and then, at about 
4 hours, to begin to decrease. This phenome- 
non has been attributed to bacterial con- 
tamination, with subsequent degradation of 
the nucleoprotein. 

I t  has also been observed that a given 



648 IRRADIATION ON VISCOSITY SUCLEOPROTEIN SOLUTIONS 

saline (0.14 hl XaCl) suspension of thymus 
chromosomes, kept in the ice bos over a 
period of time, produced less and less viscous 
solutions when aliquots are removed and 
diluted with alkali. Although the decrease in 
viscosity thus produced is sometimes very 
large, i t  is not accompanied by any change 
in the protein concentration of the solution; 
that is to say: it does not represent bacterial 
or autolytic proteolysis. A possible explana- 
tion for the increased viscosity of alkaline 
solutions upon incubation lay in ‘the effect 
of the repeated ”shearing” occasioned by the 
repeated sucking up of the solutions through 
the viscometers; this might conceivably SO 

orient asymmetric molecules as to increase 
viscosity. This was tested, however, and 
found to be not so; the mere process of de- 
termining the viscosilty does not effect the 
viscosity. 

Cysteine eflect in molar salt solutions. All 
work described in the rest of this report was 
performed on 1 : 1 (v/v) mixtures of N/10 Na- 
OH and chromosome suspensions. Mirsky and 
Ris ( 1 ) fractionated such chromosomes by 
placing them in a solution of 1 31 KaC1. I t  
was felt of interest to determine whether 
cysteine would increase the viscosity of such 
salt solution of chromosomes, as well as of 
alkaline solutions. This was found to be the 
case, but there was also observed some sedi- 
mentation in these preparations, hence alka- 
line solutions continued to be used. It is of 
interest that chromosomes diluted with 1 M 
XaC1 were appreciably more viscous than if 
diluted with the same volume of 0.1 31 NaOH. 

Effect of other chemical agents on the 
viscosity of alkaline solution of thymus chro- 
inosomes. The other chemicals tried were 
those that have been tested as therapeutic or 
prophylactic agents for radiation toxicity and 
whose effects would seem in some way related 
to the reducing properties of cysteine. These 
data are summarized in Table 11, in which, 
for the sake of brevity, only the initial and 
the 4-hour figures are given. For comparison, 
the effects of cysteine and water controls have 
been included. 

Eflect of cysteine on x-ray reduction 
of viscosity of chromosome solutions. For 
reasons discussed below, it was considered 

of interest to determine whether cysteine 
had any effect on the reduction of nucleo- 
protein viscosity by irradiation. In  one 
experiment (Table IIIa) , the cysteine was 
added to a portion of the alkaline nucleo- 
protein solution before X-radiation of the 
solution with 50,000 r. The data indi- 
cate that, percentage wise: the cysteine 
largely protects the viscosity of the solution. 
Vsing as the basis of calculations the ”in- 
herent viscoslty” of the solute, i .e.,  the rela- 
tive viscosity of the solution minus one. it will 
be noted that 3 hours aiter conipletion of the 
irradiation, the viscosity of the solution ir- 
radiated in the absence of cysteine is 48% 
lower than its non-irradiated control, while 
the decrease in the presence oi cysteine is 
18%. In the next experiment (Table TIIb) 
the cysteine was added shortly aiter X-radia- 
tion with 50,ooO r. In  this case. after 1% 
hours, the viscosity of the irradiated solution 
was 45% lower than its non-irradiated con- 
trol in the absence of cysteine, and 60% 
lower in the presence of cysteine. In  a third 
experiment, an attempt was made to de- 
termine whether the protective effect of 
cysteine diminished if the cysteine were added 
after a longer post-irradiation period. This 
proved not to be the case; rather the cysteine 
effect was greater if the cysteine were added 
later. This increased effect, however, is diffi- 
cult to *interpret, since the same is true in 
the case of non-irradiated nucleoprotein solu- 
tion. 

Discussion. The possibility was considered 
here that the effect of cysteine in increasing 
the viscosity of nucleoprotein solutions may 
be involved in #the mechanism of cysteine pro- 
tection against X-radiation lethality. Thus 
if X-ray sensitive nucleoproteins are in some 
way stabilized, e.g., if the nucleic acids are 
somehow more highly polymerized, these 
nucleoproteins may be more resistant to ir- 
radiation. This suggestion, however, is not 
entirely borne out by the results reported. 
Thus thiourea, reported by Limperos and 
JLosher(2) to reduce X-ray mortality, does 
not increase the viscosity of alkaline solutions 

2. Limperos, G., and Mosher, W. .4., Science, 1950, 
v86, 112. 
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of thymus chromosomes, while thiocyanate, 
reported by Herve and Bacq(3) actually to 
increase X-ray lebhality, was found here to 
increase nucleoprotein viscosity. On the other 
hand, most of the agents tested did have 
parallel activity in their effects on nucleo- 
protein viscosity and in vivo X-ray toxicity. 
Among these are cysteine(4,5), cyanide(6), 
and glutathione( S), which respond psi- 
tively in both tests, and cystine( S), thiouracil 
(7:8). and ascorbic acid(5), which give nega- 
tive results in both tests, although ascorbic 
acid does show a positive effect in the nucleo- 
protein viscosity test after a prolonged period 
of time. 

In addition, the parallelism holds true for 
the experiments on the effeat of cysteine on 
X-ray reduction of nucleoprotein viscosity. 
Patt et u1.(4) have shown that cysteine pro- 
tects rats from the lethal action of X-rays 
only if administered shortly before irradia- 
tion. Similarly, it was found here that 

3. H e ~ e .  -4., and Bacq, Z. M., Compt. rend. sot. 
biol., 1940, ~ 1 4 3 ,  1158. 
4. Patt, H. M., Tyree, E. B., Straube, R. L., and 

Smith, D. E.: Science, 1949, v110, 213. 
3. Patt. H. M., Smith, D. E., Tyree, E. B., and 

Straube, R.  L., PROC. SOC. Exp. BIOL. AND MED., 
1930, v73, 1s. 

6. Bacq, 2. M., Herve, A., Lecomte, J., and 
Fischer, P.. Science, 1950, v l l l ,  356. 

i. Blount. Jr., H. C., and Smith, W. W., Science, 
1949, ~ 1 0 9 ,  83. 

8. Haley. T. J., Mann, S., and Dowdy, A. H., 
Science, 1050, ~ 1 1 2 ,  333. 

cysteine prdects nucleoprotein solution from 
viscosity reduotion by X-rays much more 
effectively if added prior to the irradiation. 

The possibility must remain, therefore, that 
some such phenomenon as this cysteine aug- 
mentation of nucleoprotein viscosity is a 
partial explanation of the reduction in X-ray 
lethality by cysteine and some other agents. 
The exceptions noted may represent entirely 
separate phenomena. Thiourea, for example, 
may prdect against X-rays by reducing the 
metabolic level of the whole organism, in 
line with the ideas of Blount and Smith(7) 
and others. No explanation is here offered 
for the paradoxical behavior of thiocyanate. 

Summary. 1. Cysteine, glutathione, 
cyanide, and thiocyanate greatly increase the 
viscosity of alkaline solutions of nucleopro- 
tein (thymus chromosomes), while urea, 
uracil, thiourea, thiouracil, cystine, and BAL 
do not do so. Ascorbic acid increases the 
viscosity only after prolonged incubation. 
Hydrogen peroxide is without effect on .the 
viscosity. 2. If cysteine is added to the 
alkaline aucleoprotein solution before X-radia- 
tion, the expected reduction in viscosity is 
largely prevented. If the cysteine is added 
after X-radiation, it is much less effective in 
this respect. 3. The suggestion is made that 
these phenomena may be relevant to the 
question of the mechanism of cysteine and 
some other agents in increasing resistance of 
organisms to X-ray lethality. 
Received February 2, 1951. P.S.E.B.M., 1951, v76. 

Chemical Constituents of Skeletal Muscle from Normal Subjects and  
Patients with Rheumatic and Non-Rheumatic Diseases.* (18585) 

EDWARD J. BIEN, MORRIS ZIFF, AND JOSEPH J. BUNIM. (Introduced by Milton Levy) 

From the Department of Medicine and the Study Grozrp on Rheumatic Diseases, N e w  York 
(With the technical assistance of H,arold Kadin) 

University College of Medicine, and Bellevue Hospital, New York. 

In  the course of an investiga,tion( 1) of the 
incidence of lymphocytic lesions in skeletal 

*This investigation was aided by grants from the 
U'ebster Underhill Fund and the Masonic Founda- 
tion for Medical Research and Human Welfare. 

muscle of patients with art,hritis, biopsy speci- 
mens of fresh human muscle became available 

- for simultaneous chemical analysis. Though 

1. Sokoloff, L., Wilens, S. L., Bunim, J. J., and 
McEwen, C., Am. J .  Y e d .  Sc., 1950, v219, 174. 


