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P ro jec t  No. 6-59-08-013 
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12 November 1952 

ABSTRACT 

STUDIES ON THE PROTECTIVE ACTION OF SULFHYDRYL 
COMPOUNDS AGAINST X-IRRADIATION 

The Influence of Cysteine on the Radiation 
Induced Inhibition of Nucleic Acid Synthe sis 
in  the Intestinal Mucosa of the Albino Rat.  

OBJECT 

To study the effect of x - r ays  on nucleic acid new formation in  
the intestinal mucosa of cysteine t reated and control animals .  

RESULTS AND CONCLUSIONS 

Cysteine,  in  a concentration of 850 mg/kg  body weight adminis- 
tered intravenously 10  minutes pr ior  to total  body i r rad ia t ion  with 
880 r / a i r ,  counteracts  the inhibiting effect of x - r ays  on nucleic acid 
synthesis in the intestinal mucosa of the albino ra t .  The protective 
action of cysteine for this t issue probably involves such important 
processes  a s  the nucleic acid cycle. If the protection afforded by 
cysteine is not mere ly  based on a "shielding"procese,  the beneficial 
effect on nucleic acid synthesis mus t  be an  indirect  one. 

RECOMMENDATIONS 

Simultaneous investigations on nucleic acid metabolism and on 
mitotic activity should be done; different t ime intervals  after the 
i r radiat ion and different chemicals should be studied; besides intes- 
tinal mucosa other t i s sues  should be included in  the investigations. 
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STUDIES ON THE PROTECTIVE ACTION OF SULFHYDRYL 
COMPOUNDS AGAINST X-IRRADIATION 

The Influence of Cysteine on the Radiation 
Induced Inhibition of Nucleic Acid Synthesis 
in  the Intestinal Mucosa of the Albino R a t .  

I. INTRODUCTION 

Cysteine and glutathione protect  against  the damaging effects of 
x - r a y s  (1). Different theories concerning the mechanism of this 
protection have been suggested (2). F ina l  conclusions, however, 
have not been reached. While seve ra l  investigators maintain that 
cer ta in  biological cycles and sys tems a r e  protected f rom x - ray  damage 
by cysteine ( 3 ) ,  others  r epor t  negative resu l t s  (4). An indirect  indi- 
cation of the protective mechanism is given in publications, which 
r epor t  a f a s t e r  recovery  of cer ta in  organ functions in X-irradiated, 
glutathione t reated mice  (5). 

Ea r l i e r  s tudies  on the recovery  p rocesses  in  X-irradiated r a t  
intestine,  that were  done in this laboratory (6) ,  were  continued and 
the effect  of cysteine on the metabolic p rocesses  in  the intestinal 
mucosa w a s  investigated. The inhibition of nucleic acid synthesis 
by x - r a y s  (7) w a s  used as a basis  for comparative measurements .  

11. EXPERIMENTAL 

A. Methods and P rocedures  

This investigation w a s  made with approximately 300 male  
Sprague -Dawley r a t s  weighing about 300 g rams  each and included 
79experiments ,  more  than50 of which were of an exploratory nature 
in developing the technique. Each experiment ,  considered as one 
independent group, consisted of four animals:  r a t  A, cysteine injected 
and i r rad ia ted :  r a t  B,  cysteine injected: r a t  C ,  saline injected and 
i r rad ia ted  and r a t  D,  saline injected control. Before the experiment  
the animals  were kept under identical conditions and given Pur ina  
Chow and water  ad lib. During the experimental  procedure,  all 
samples  were  t reated al ike,  i. e .  all manipulations necessary  for 
studying the effects of cysteine andx- rays  on nucleic acid metabolism 
were done simultaneouslywith the four animals  and the t issue on the 
same time scale .  The handling of the animals  during the experiment ,  
a s  a l ready  emphasized by Holmes (8)  and by Edwards and Sommers  
( 9 ) ,  is of ex t r eme  importance.  Struggling, while being handled for 
injections and i r radiat ion,  decisively influences the nucleic acid 
f igures .  

-- 
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The cysteine (2ml) was adminis tered into the tail vein of 
the animal  ten minutes pr ior  to i r radiat ion in  a concentration of 850 
mg/kg  body weight in distilled water ,  adjusted with 2N NaOH to pH 

well ventilated lucite cage with x - r a y s  f rom a Kelley-Koett deep 
therapy unit with 200 k v ,  6ma,  1 m m  A1 inherent f i l tration, 1 m m  
A1 plus 0. 5 mm Cu added, 30  cm ta rge t  dis tance,  40 r / m i n / a i r ,  a 
total  of 880 r .  

I 7-8. The animals  were i r radiated in pa i r s  ( r a t  A and r a t  C )  in a 
I 

Immediately af ter  i r radiat ion the animals received intra- 
peritoneally 2 0  to 5 0  mic rocur i e s  of P32. Two hours  la ter  they were  
sacrificed and the ent i re  sma l l  intestine was removed for  study. 
Recently maJe  radioautographs by Holt and Warren  (10) showing the 
uptake of injected P32 by the r a t  intestine justify the use of the ent i re  
smal l  intestine in preference to the intestinal mucosa alone. Their 
radioautographs show a s t rong concentration of P32 in the intestinal 
mucosa,  while the muscular  l aye r s  of the intestine show practically 
no p 3 2 .  

The sma l l  intestine was r insed with water and fur ther  
processed in a timed procedure.  One par t ,  about 2 g m s ,  of the in- 
testine was taken for the inorganic t issue phosphorus determination 
(ITP) and i t s  specific activity, while the rem'aining p a r t  was used 
for the determination of the desoxypentose nucleic acid phosphorus 
(DNA) and i t s  specific activity. 

i 
I 
I 

The separat ion of the DNA for  measuring and comparing 
the relative changes in  the inhibition of nucleic acid new formation by 
x - rays  could be done by any one of the many published methods. The 
method recent ly  descr ibed by Kelly and Jones ( 1 1 )  for studying the 
d i r ec t  and indirect  effects of x - r ays  and beta-rays on nucleic acid 
new formation in different t i s sues  was chosen. This method, based 
on that of Levene, Klein and Beck (12) lends itself to the procedure 
because of i t s  simplicity and i t s  congruency with the methods original- 
ly applied by Hevesy arid his  co-workers  in  their pioneer investiga- 
tions. Following the Kelly and Jones procedure the t issue used for 
DNA extract ion was put in a cooled m o r t a r ,  covered with about 7 
g r a m s  of Berkshire  sand and ground for five minutes af ter  adding 2 
m l  of 5% saline solution. After this 5 m l  of saline solution 
were added and the grinding continued for five m o r e  minutes. At 
this point the whole homogenate was t r ans fe r r ed  into a t e s t  tube. 
The residue in the m o r t a r  was r insed into the t e s t  tube with 3 m l  of 
saline solution, the tept tube thus containing the t issue homogenate 
in 10 m l  of saline solution. After s t i r r ing  for one minute with a 
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glass  rod the tube was placed in a boiling water bath for  five min- 
u tes ,  0.  25 m l  glacial  acetic acid added and the solution made basic 
with a mixture  of 0 . 4  gm sodium hydroxide and 0. 1 gm sodium ace- 
tate.  The basic  mixture w a s  kept in  the boiling water bath for  about 
one hour until the t issue was a lmost  completely dissolved. One m l  
of glacial  acet ic  acid and 0. 7 m l  of 5% dialyzed f e r r i c  hydroxide 
solution were then added. After standing a shor t  t ime another m l  of 
ace t ic  acid was added and the solution w a s  centrifuged. The super- 
natant liquid was decanted, t reated with an  equal volume of methyl 
alcohol,  centrifuged and the resul t ing supernatant discarded. In 
o r d e r  to purify the desoxypentose nucleic acid the residue w a s  dis- 
solved in 5 m l  of 1 mol  sodium hydroxide. After adding 0. 2 m l  of 
a saturated solution of disodium phosphate and a n  equal volume of 
methyl alcohol the solution w a s  heated for  15 minutes in a water 
bath a t  65OC and then centrifuged. The supernatant w a s  placed in  
a n  ice bath, acidified with 3 mol hydrochloric acid,  diluted with an 
equal volume of methyl alcohol and centrifuged for  10 minutes. These 
repeated t rea tments  produce a residue high in DNA content. This 
nucleic acid containing residue w a s  then redissolved in  sodium hy- 
droxide and reprecipi ta ted with hydrochloric acid and methyl alcohol 
and finally dissolved in  5 m l  of 0. 1 mol  sodium hydroxide. Since 
Klein and Beck found that nucleic acid w a s  chemically pure  af ter  3 
precipitations and sinc e in  the reported experiments ,  af ter  severa l  
precipitations,  the absolute values but not the r a t io  of the values 
changed, not m o r e  than 3 precipitations were done. 

The t issue takenfor the determination of the inorganic t issue 
phosphorus ( ITP)  and its specific activity w a s  put into a cooled m o r t a r  
and about 7 gms of Berkshi re  sand and 2. 0 m l  of 25% trichloroacetic 
acid were added. After grinding the homogenate was quantitatively 
t ransfer red  into a t es t  tube with 8 m l  of tr ichloroacetic acid. 

The specific activit ies of the inorganic t issue phosphorus 
and of the purified DNA were  determined in the following manner .  
One aliquot of the final solution was taken for the determination of 
the phosphorus using the method of ske and Subbarow, and another 
aliquot was used for  counting the P activity with a Geiger -Mueller 
counter and a sca l e r .  Both measurements  were  related to the same  
amount of solution, so that the ra t io  of "activity counts to phosphorus 
amount" gave the specific activity direct ly .  Following Hevesy the 
ratio of the specific activit ies of DNA to I T P  was then taken as a 
figure for evaluating the influence of cysteine on the x - r ay  effect. 
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B. Resul ts  

q h e r e s u l t s  f o r  23 experiments  a r e  presented i n  Table 1 and 
Figure  1. Table 1 gives the specific activit ies of the nucleic acid 
fraction (DNA) and the specific activit ies of the inorganic t issue 
phosphorus (ITP). The percentage inhibition of nucleic acid synthesis ,  
calculated from the ra t io  of DNA-activity to ITP-activity,  is given in 
column 5 of Table 1. This figure r ep resen t s  a relative measu re  of 
the influence of cysteine on the x - r a y  induced inhibition of nucleic 
acid new formation in  comparison with the controls.  

TABLE 1 

PERCENTAGE INHIBITION OF NUCLEIC ACID SYNTHESIS 
AS CALCULATED FROM THE S P E C I F I C  A C T I V I T I E S  OF D N A  

A N D  I T P  (INDIVIDUAL EXPERIMENTS PRESENTED). 

Animal 

A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
. B  
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 

DNA 
S p e c i f i c  
A c  t i v i  t y 

56 0 
540 
3 39 
502 
260 
582 , 

329 
708 
241 
34 1 
149 
487 
500 

324 
369 
228 
595 
250 
692 
3 37 
640 
230 
344 
224 
416 
354 
64 5 
3 91 
638 
208 
323 
208 
407 

ITP 
S p e c i f i c  
A c  t i v i  t y 

30520 
28440 
31320 
28250 
21250 
24770 
28200 
24400 
19400 
22600 
18650 
19730 
33850 
31800 
21200 
38300 
30975 
28300 
34800 
36875 
31750 
29650 
24900 
27525 
24300 
23800 
36325 
26500 
18050 
16450 
19050 
18900 
29400 
25000 
25000 
23800 
20200 
22200 
20400 
21 20 0 
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DNA/ ITP 

100 

1.90 
’ 1.90 
1.10 
1.80 
1.20 
2.40 
1.20 
2.90 
1.20 
1.50 
0.80 
2.50 
1-50 
2.70 
1.10 
1.80 
1.30 
2.30 
1.20 
2.10 
1.00 
1.20 
0.92 
2.20 
1.03 
2.90 
0.92 
2.41 
1.27 
2.09 
1.17 
2.21 
1.42 
2.58 
1.56 
2.68 
1.03 
1.46 
1.02 
1.90 

X 
% I n h i b i t i o n  

of N u c l e i c  
Acid S y n t h e s i 8  

0 

39 

50 

59 

20 

68 

44 

39 

43 

43 

17 

58 

64 

62 

39 

47 

45 

42 

39 

46 



--- 

TABLE 1 (Continued) 

! 

c 

i! 

Animal 

A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 

DNA 
Specific 
Activity 

716 
11 56 

655 
1510 

673 
1175 

532 
1013 

547 
1046 

51 5 
1246 

765 
1413 

555 
1256 

530 
1 0 8 0  

438 
901 
409 
671 
401 
74 5 
516 

1400 
538 
943 
6 98 
695 
495 

472 
7 98 
31 0 
8 67 
6 91 

1170 
5 8 8  

1233 
420 
721 
421 
9 07 
5 e3 

1123 
5 33 

1164 
4 79 
610 
4 1 4  
751 

738 

~~ 

ITP 
Specific 
Activity 

56400 
5940 0 
52000 
55600 
57000 
57800 
52900 
46800 
36600 
41250 
37100 
52000 
58600 
65500 
63000 
69250 
44600 
47400 
3 980 0 
48500 
36600 
38300 
32800 
35400 
43200 
46600 
44200 
42200 
34400 
31750 
S l O O O  
23450 
35100 
3 8400 
33400 
37 000 
64600 
83400 
71600 
76100 
41350 
54900 
49200 
49850 

,5%M! 
72100 
70200 
37350 
46500 
48000 
49100 

DNA/ITP 

100 

1.27 
1 . 9 5  
1.26 
2 .71  
1 . 1 8  
2.04 
1 . 0 0  
2.16 
1 . 5 0  
2.53 
1.39 
2.40 
1 . 3 0  
2.16 
0 .88  

X 

1.81 
l.i9 
2.28  
1.10 
1 . 8 6  
1 .12  
1 .75  
1 . 2 2  
2.10 
1.19 
2.99 
1 . 2 1  
2.23 
2 .03  
2.19 
0.97 
3.12 
1 .35  
2.07 
0.93 
2.34 
1 .07  
1 .40  
0 .82  
1 .62  
1 .02  
1 . 3 1  
0.85 
1 . 8 2  
1 . 3 4  
2.16 
0 , 7 4  
1 .66  
1 .28  
1 . 3 1  
0.86 
1 . 5 3  

A. Cysteine treated,, irradiated. 
8. Cysteine treated, non-irradiated. 
C.. Non-cysteine treated, irradiated. 
D. Non-cysteine treated, non-irradiated. 

% Inhibition 
of Nucleic 

Acid Synthesis 

35 

5 5  

43 

54 

4 1  

42 

40  

51 

48 

41 

36 

42 

60 

46 

7 . 3  

6 9  

35  

f iO 

24 

49 

22 

53 

38 

55 

2 .3  

44 

. 
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Figure 1 shows the percentage values of Table 1 plotted a s  
percentage synthesis ra ther  than inhibition in order  to i l lustrate  the 
relationship of the cysteine t reated animals  to the non-cysteine t reated 

t 

:'i I O  

0 

0 
0 
0 
0 

0 

00 
0 Io 
0 

0 

0 

o CYSTEINE TREATED, IRRADIATED GROUP. 

X NON-CYSTEINE TREATED, IRRADIATED GROUP. 

n 
4 

01 I 1 
CYSTEINE CONTROL 

GROUP GROUP 

FIG. I .  D N A  SYNTHESIS IN %-IRRADIATED, CYSTEINE TREATED 

AND NON-CYSTEINE TREATED ANIMALS ( 8 8 0 r ) .  
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111. DISCUSSION 

Attempts tode termine  the manner  in which sulfhydryl compounds 
afford protection against  x - r ay  damage have frequently been made. 
Different physiological sys tems have been investigated. 

The erythropoietic function of the bone mar row under glutathione 
and under cysteine t rea tment  has  been studied with negative resu l t s  
by Hennessy, Folsom and Glover (4). However, the studies of Pa t t ,  
Smith and Jackson (3) on per ipheral  blood indicate positive r e su l t s ,  
while negative resu l t s  in blood studies a r e  reported by Loren2 (4). 
The studies of Smith, P a t t  and Tyree  ( 3 )  indicate that cysteine owes 
i ts  capacity to a l te r  radio-sensit ivity to fac tors  other than i t s  reducing 
power, while Cronkite,  Brecher  and Chapman (5) suggest that  humoral  
factors may  be competitively protected f rom the destructive effects 
of "activated water"  by sulfhydryl compounds. No protective action 
of cysteine on lymph node cul tures  is reported by Trowall  (13), in- 
dicating that the protection against  cellular destruction by x - rays  is 
not necessar i ly  involved in the beneficial action of this sulfhydryl. 
Straube, Pa t t ,  Smith and Tyree (3) find par t ia l  protection of tumors  
from growth inhibiting action of x - r ays  by cysteine and Hall repor t s  
similar findings in tumor ce l l  cul tures  (3). 
checking the uptake of C l4 inDNA-purines under x- i r radiat ion,  r epor t  
no interference of glutathione with x - r a y  induced inhibition of nucleic 
acid synthesis in mice t i s sue ,  while F o r s s b e r g  (15) finds beneficial 
effects of cysteine on C l4 incorporation in  desoxypentose nucleic acid 
irradiation experiments .  Sallmann (16) repor t s  protective action of 
cysteine against  microscopical  i r radiat ion damage in  the lens of 
rabbit eyes ,  when exposed to 1500 r ,  while the histo-chemically de- 
termined turnover of DNA w a s  not noti.ceably influenced by the sulf- 
hydryl compound. Limperos  (3) c la ims  a definite protective action 
of reducing agents on DNA metabolism. 

Skipper and Mitchell (14), 

The reported resu l t s  with intestinal mucosa requi re  special  dis- 
cussion and careful  interpretation. Two factors  must  be considered: 
the reliability of the observed changes and the possible causes fo r  the 
effect. The reliabil i ty can be proved by significance calculations and 
by the fact  that  the magnitude of the observed inhibition is in  full  agree- 
ment with the f igures  given by Hevesy and others  for the inhibiting 
effect of x - r ays  on DNA synthesis in the intestinal mucosa of the r a t  
(7). Distribution studies of the afforded protection a l so  may  confirm 
the resu l t s .  In eaeh survival-protection experiment  s eve ra l  animals 
w i l l  succumb e a r l y  to the i r radiat ion insult ,  a relatively large 'nhrnber 
of animals w i l l  show a medium or  medium-high protection and only a 
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few animals w i l l  be highly protected and survive.  The r e su l t  of a 
cysteine -survival i r radiat ion experiment  done in conjunction with the 
DNA studies is  presented in F igure  2.  I t  i l lus t ra tes  the response of 
the particular animal  s t r a inused  to the chosen experimental  conditions: 
880r /a i r ,  85Omg cysteine/kg body weight, pH 7 to 8, injection i . v .  
IO minutes pr ior  to i r radiat ion.  

A CYSTEINE TREATED, IRRADIATED 

6 CYSTEINE TREATED, NON-IRRADIATED 

C NON-CYSTEINE TREATED, IRRADIATED 

- D NON-CYSTEINE TREATED, NON-IRRADIATED 

C .x.. . . . . . . . . . . . - . - - . . -. . . . . . - .. . . .. . . . . 

x 

8 

x 

x 

X’ 
/ 

SURVIVAL TIME(DAYS1 

FIG. 2 .  SURVIVAL CURVES O F  IRRADIATED, CYSTEINE TREATED AND 

NON-CYSTEINE TREATED ANIMALS. ( 8 8 O r  1 ,  
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The frequency curve A of F igure  for  the afforded protection is 
obtained by integrating the a r e a  between curves  C and A of Figure 2 
for  each 3 day interval. 

2c 

16 

-I 

> 
W 
I- 

a 
a 

5 1 2  
a 
n 

a 

W 

v)  
J 

E - 
5 0  
IA. 
0 
K 
W 
m z 
3 z 

4 

0 

A. CYSTEINE-TOTAL BODY IRRADIATION 
EX P. 

X- AXIS : CLASS INTERVALS IN 
SURVIVAL TIME. EACH 
INTERVAL EQUALS 3 OAYS 

PROPER CLASS INTERVAL. 
Y-AXIS: NUMBER OF ANIMA1 S IN 

\-)(- 

B. CYSTEINE- DNA IRRADIATION EX1 
X - A X I S :  CLASS INTERVALS IN 

PERCENTAGE DNA 
SYNTHESIS FROM TABL 

Y-AXIS; NUMBER OF EXPERlMEh 
IN PROPER CLASS INTI 
VAL. 

x 
I 1 1 I I 
2 4 6 8 I O  

CLASS INTERVALS 

FIG. 3 FREQUENCY CURVE OF AFFORDED PROTECTION. 
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A frequency curve (curve B of F igure  3 )  with a s imi la r  trend is  
obtained when the number of DNA experiments  of cer ta in  percentage 
range (100/) inhibitionprotection, takenfrom Table 1, is plotted against 
the proper c l a s s  intervals  of the percentage inhibition. The right 
skewed frequency curve B indicates that  the reported DNA studies 
follow the well established survival distribution curve for  total body 
x-irradiation protection, lending credence to the reliabil i ty of the re-  
ported findings. 

As to the cause of the observed beneficial influence of cysteine 
on the radiation induced nucleic acid synthesis inhibition, present  
discussions in the l i t e ra ture  offer the following possible explanations. 

Cysteine could influence a n  x - r a y  effect on the nucleic acids .  
This possibility has  been discussed by Hevesy (7). F r o m  the fact  
that a t  l eas t  s eve ra l  tens of thousands of r w e r e  necessa ry  (7) a t  that 
time to produce in vi t ro  changes in DNA solutions, he concluded that 
the usual therapeutic doses  used were  not able to cause degradation 
of nucleic acid in biological syste  . Fur the rmore ,  he proved this 
conclusion in experiments  with C . The markedly reduced incorpo- 
rationof C l4  into the purines  of DNA in X-irradiated rats, as confirmed 
by Skipper and Mitchell (14), w a s  taken a s  an  indication of a reduced 
rate of formation of DNA under x- i r radiat ion ra ther  than a d i r ec t  effect 
of x-rays on the nucleic acid. Since Hevesy's ea r ly  work the concept 
of x-raydosage necessa ry  to influence DNA in  vi t ro  as well as in  vivo 
has changed. Scholes and Weiss (18) found decomposition of DNA with 
doses of 4000 r in in vi t ro  experiments  and Limperos  ( 3 )  was able to 
depolymerize D N A i n  vivowithdoses  of only 250 r to 1000 r .  Scholes 
and Weiss i r rad ia ted  0. 05% solutions of DNA and PNA and found 
formation of ammonia and inorganic phosphate. Limperos extracted 
DNA from r a t  thymus 24 hours  af ter  i r radiat ion and found marked 
changes in the viscosity of the nucleic acid fraction. He a l so  showed 
that reduced oxygen tension protects  DNA against  the damaging 
effects of x - r ays ,  indicating an indirect  mechanism for  the action of 
x-radiation on DNA in vivo. Nothing is known, however, concerning 
short  time in vivo experiments ,  so that  m o r e  studies a r e  necessa ry  
to decide whether o r  not a d i r ec t  or  a n  indirect  effect is responsible 
for the observed changes. Recent experiments  of Feinstein and Butler 
(19) on the effect of whole body x- i r radiat ion on rat intestine and in- 
testinal nucleoproteins a r e  interpreted as a substantiation of the idea 
that one effect of whole body i r rad ia t ion  is the degradation of nucleic 
acid. 

-- 
14"" 

-- -- 
-- 
-- 

-- 
-- 

A second possibility of cysteine influence concerns ce l l  permea- 
bility problems , a lso  d iscus  sed by Heve sy.  Existing change s in pe rme-  
ability for  phosphorus under x- i r radiat ion a r e ,  however, according 
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to Hevesy, not great  enough to explain the magnitude of the observed 
inhibiting effect. A similar  conclusion is drawn by Lacassagne (ZO), 
who explains the observed decrease  in nucleic acid new formation 
after x-irradiation by changes in metabolic processes  r a the r  than by 
changes in cell  permeability. In this connection the recent  studies 
by Entenman and Weinman (21)  on the effect of x- i r radiat ion on the 
incorporation of inorganic P32 into phospholipids should be mentioned. 
They found in in vitro experiments changes in  the uptake of inorganic 
P by liver s l ices ,  the magnitude of which was the same  in samples  
with or without cysteine t reatment .  

-- 32 

A third possibility of cysteine influence is that on the P3' uptake 
by pentose nucleic acid.  Pentose nucleic acid is believed to be used 
in DNA synthesis (22), and the accumulation of PNA in the cytoplasm 
of irradiated cells is thoroughly discussed by Mitchell (22)  in connec- 
tion w i t h  possible changes in the P32 uptake by PNA and with the 
blocking of the reduction of ribonucleotides to desoxyribonucleotides 
by x- rays .  

Another possibility of cysteine influence is its incorporation in 
and i ts  interference with cer ta in  enzyme sys t ems .  Lacassagne (20)  
maintains the existence of enzymes which catalyse the synthesis of 
new pentose nucleoproteins. Mitchell (22)  and Langendorff (23 )  be- 
lieve enzymes a r e  responsible for the synthesis of DNA f rom PNA.  
Langendorff especially suggests a blocking of this enzymatic activity 
by activated water products.  The sulfhydryl compounds may be inti- 
mately involved in these enzyme sys t ems .  

Still another possibility is the effect on cer ta in  p rocesses  going 
oninfas t  growing and full grown t i ssues .  Hevesy found an inhibition 
of nucleic acid new formation in growing tissue a s  well a s  in full 
grown tissue.  The percentage of inhibition in  both these cases  w a s  
nearly the same.  F r o m  this fact  one might speculate that  other fac tors  
besides growthper se  play a pa r t  in the nucleic acid synthesis.  
state of s ec re to ry  activity of organs may  be one of these fac tors .  

The -- 

Which of these possibil i t ies is responsible for the beneficial in- 
fluence of cysteine cannot be said a t  present .  It may  be that a simple 
shielding effect, as discussed by Brues and Patt (2 ) ,  is responsible 
for the observed protection by cysteine.  

IV.  CONCLUSIONS 

Specially arranged experiments  show that the inhibiting effect 
of x- rays  on nucleic acid synthesis in intestinal mucosa of the albino 
r a t  can be influenced by pre t rea tment  of the animal with cysteine. 

11  

Washington National Record Center 
Oflice of the Army Surgeon General 
Rernrrl Crn.*- * ' 



In connection, with other investigations ( 3 ,  19), i t  m a y  be concluded 
that the protective action of cysteine involves such vital p rocesses  
a s  the nucleic acid cycle.  If cysteine affords it protection by other 
means than by a purely "shielding" effect, the mechanism of the effect 
must  be an indirect  one. 

V.  RECOMMENDATIONS 

Considering the importance of the nucleic acid cycle in cellular 
metabolism DNA investigations under x- i r radiat ion should be done 
in connection with mitotic studies.  Different  t ime intervals  af ter  
the i r radiat ion and different chemicals  should be investigated for  
their influence on the p rocess .  Other t issue bes ides .  intestinal 
mucosa should be included in  the studies.  
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