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when administered over a period of from 2 to 
26 weeks. A statistically significant, but 
clinically unimpressive decrease of supine sys- 
tolic and diastolic pressures occurred in only 
1 of these patients; in another, supine arterial 
pressures were maintained in the presence of 
'*blockade" and tolerance to a daily dosage of 
1200 mg was established at  the end of 4 weeks. 

We thank Mr. William Swain, formerly of Smith, 
N ine  and French, Inc., for generous supplies of the 
drug and Miss Enid Davy. R . S .  ior her conscientious 
assistance in the study. 
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Some Observations on Effect of Gamma 'Radiation on the Biochemistry 
of the Rat Thymus.* (19592) 

JOHX F. THOMSOS,+ \~-XLL.L\CE W. TOURTELLOTTE,: AND MAGDALESE S. CART TAR.^) 
(Introduced by J. 31. Coon.) 

From t hc t-S-4 F Radiution Laboratory" and the Department of Plzarinacology, Gniwrsit? of Chicago. 

The marked sensitivity o$ thymus to both 
internal and external radiation has been well 
established. Norphologic changes( 1) can be 
detected within a few hours after exposure. 
On the other hand. Barron reported that 4 
hours after exposure to x-ray (500 r)  the 
respirator!- and glycolytic activities of rat 
thymus were normal ( 2 )  : marked changes in 
respiration and glycolysis were not evident 
until at  least 24 hours after exposure. 

I t  was thus of interest to establish whether 
various respiratory enzymes #of thymus ho- 
mogenates maintained their activities in spite 
of extensive cellular damage as evidenced by 
changes in nucleic acid concentrations. 

Methods. In  most experiments, 2-  to S -  
month-old Sprague-Dawley female rats, 
weighing between 150 and 200 g, were used. 
I t  was frequently necessary to pool the thq-- 
muses from 3 or more rats in order to obtain 
sufficient amounts of tissue. Rats were giver, 
a dose of 800 r of gamma radiation from 9 
4 curie point source of C O ~ ~ .  This dose is 
slightly above the LDSO. Succinic dehydro- 
genase, malic dehydrogenase, cytochrome oxi- 
dase, and adenosine triphfosphatase were as- 
sayed by the methods 'of Potter and co- 
workers(3-5). The capacity of thymus ho- 
mogenatees 'to esterify inorganic phosphate 
was studied using a system based on that of 

~ ~ _ _ ~  - _ _  - 
*The work described in this paper was conducted 

under a research contract supported by the Atomic both at Of '.0°4 were 
Energy Commission and administered through the used together as substrates. Neither substrate 
Medical Division. Chemical Corps, U. S. Army. by itself was adequate for esterification. At- 

+ Present address, Argonne Sational Laboratory, tempts were made to prepare mitochondria 
Chicago. 111. from thymus by differential centrifugation of 

versity of Rochester, S. Y. The principal difficulty seemed to be in obtain- 
ing sufficiently complete separation of nuclei versity oi  Kansas, Lawrence, Kansas. 

tory. succinic dehydrogenase activity of the thymus 

Potter( 6 ) ,  except that succinate and pyruvate, 

Present address, Strong Memorial Hospital, Uni- 

0 Present address, Department of Physiology, Uni- 

tissue homogenized in 0.25 M sucrose (7). 

I/ Formerly University of Chicago Toxicity Labors- from to 40% Of the 
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TABLE I. Effect of Irradiation (800 R) on the Concentration of Certain Enzymes and Nucleic 
Acids i n  Rat Thymus. 

-Avg values with avg deviations at varying times after irradiation- 
3 hr 6-12 hr 24-48 hr  60-916 hr 

,d/hr/mg dry wt 
Ehiccinic dehgdrogenase 

C" 31.5 2 2.3 25.4 2 4.8 26 & 3.5 29.1 51 G.5 
E 29.8 k 3.1 22.8 2 4.1 20.2 2 1.7 20.5 + 2.4 
R .94 .90 .78 .70 

Malic dehydrogenase 
- c' 11.4 2 1.4 10.4 5 2 7.41 

E 111.7 2 1.6 10.6 2 3.6 7.4 
R 1.03 1.02 -1 

c: 213 2 2 9  196 2 3 5  240 + S O  270t  
E 319 + 2 0  206 2 3 8  2 3 2  &.3 260 
R 1.03 1.05 .97 .96 

C'yt oc hr o ni e oxi (la s e 

pg P/15 min/mg dry wt 
A denosine t riphosahat a se 

(.004 M Ca-T) A 

(1 14.3 2 1.2 
E 13.5 2 1.7 
E .95 

Adenosine triphosphat a se 
(No Pa--) 

I(! 10.8 & 1.4 
E 1O.i 1.9 
R -99 

15 + 1.4 
14.; 2 2.4 

.98 

1'7.6 & 1.6 
11.9 2 3.6 

.95 

3.53 * 38 
292 2 40 

.83 

14.3 t 1.7 
12.3 & 2.2 

3 6  

12.1 .5 
9.8 .8 

.81 

902 2 118 
307 2 140 

-34 

314+ 16 
231% 19 

.74 

* C' = Control, E = Exposed, R = Ratio E/C. 
t One determination. 

was sedimented with the nuclei. Most of the 
remaining activity, not sedimentable at  600 g, 
was precipitated at  13,000 g, an average of 
16% remaining in the supernatant. In 17 
experiments, the average succinic dehydro- 
genase activity of rat lthymus mitochondria 
was 820 pl 02/hr/mg N. Fractionation of 
phosphorus in the homogenized thymus was 
carried out using a combination of the meth- 
ods of Schmidt and Thannhauser(8) and of 
Schneider (9). 

For experiments with P32, a dose of 100 
pc, kg was administered intraperitoneally im- 
mediately after irradiation, and the animals 
sacrificed 3 hours later. Acid-soluble and 
phospholipid phosphorus were separated by 

the Schneider procedure as modified by Fried- 
kin and Lehninger ( 10). Nucleic acids were 
separated by the Schmidt and Thannhauser 
procedure (9). DNA was reprecipitated 5 
times to achieve constant specific activity. 
RNA was freed of inorganic phosphorus of 
phosphoprotein origin by 2 consecutive addi- 
tions of carrier inorganic phosphate and sub- 
sequent precipitations as magnesium am- 
monium phosphate. Inorganic phosphate of 
the acid-soluble fraction was similarly meas- 
ured after 3 precipitations with magnesia. All 
samples were counted sufficiently long to give 
a standard deviation of less than 2%, except 
in the phosphoprotein phosphorus assays. 

Results. Table I shows the effect of 800 r 
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TABLE 11. Phosphate Esterification in  Normal and Irradiated Rat Thymus. 

, p g  P esterified/30 min/.SO nig- rFl 02/10 niin/SO mg, 

S v .  + ppruvate substrate capacity + pyruvate substrate 
Succinate NO Total Succinate No 

rats (1) ( 2 )  (1)--(?) 
Contruls : 

S v g  lr, $13 -2 1 + 36 19.2 3.5 
Stand. error “..j2 2.2.3 3.24 1.05 3 9  

Exposea: 
Avg c - 

4 -4 -28 + 21 18.1 a 
Ytand. error 5.71 3.10 3.73 .92 .63 

‘ ’ t ‘ - T-alues 3.52 1.84 .h .3 

TABLE 111. Effect. of Irradiation on Incorporation of P3’ into Compounds of Rat Thymua. 

Specific activity of P fraction X 10‘ Ratio, 

Specific activity of inorganic P Exposed 

P fraetioi. Control Exposed Con% r 01 

whole-bodj- irradiation on the activity of 
various enzj-mes in rat thymus, and on the 
concentration of total nitrogen, DIC‘A phos- 
phorus. and R S - i  phosphorus. I t  is evident 
that although there was some diminution in 
activity oi both succinic dehydrogenase and 
adenosine triphosphatase activities, the most 
dramatic change occurred in concentration of 
DS-i-P. The data at  3 hours after irradiation 
are averages of 4 experiments: the other time 
intervals represent 3 experiments. Three con- 
trol rats and 3 to 6 exposed rats were used in 
each experiment. 

Table I1 shows the effects of radiation on 
phosphate esterification. L-nder the condi- 
tions of these experiments, there was nlo effect 
on the osygen consumption 3 hours after ir- 
radiation. There was, however, a marked im- 
pairment o i  the capacity of the thymus 
homogena te to esterify inorganic phosphate 
from the medium. Some of this effect might 
be explained on the basis of increased phos- 
phatase activity observed folllowing x-irradia- 
tion( 11 ) .  but the data in column 2 of Table 
I1 indicates that the release of inorganic phos- 
phate in the absence of an oxidizable substrate 
is not increased sufficiently as a result of radia- 

tion to account for the major part of the dif- 
ference between exposed and control thymus; 
the differences between esterification observed 
in the presence of succinate and pyruvate, and 
the increase of organic phosphate seen in the 
absence of substrates, which may be taken as 
an indication of the total capacity of the 
thymus to esterify inorganic phosphate 
against a dephosphorylation gradient (column 
3 of Table II), are also significantly altered 
as a result of exposure to radiation. 

I t  was thought that the lowered concentra- 
tions of nucleic acids, particularly DX-i, 
might be attributable to the impairment in the 
esterification mechanism indicated above. 
Therefore, the incorporation of P3” into 
varilous phosphorus fractions was studied 3 
hours after exposure. The effects observed 
(Table 111) are similar to those reported by 
Lavik et a le (  1 2 )  for the effects of )toxic doses 
of PS2, DKX phosphorus showing the most 
marked depression of incorporation, RN-4-P 
showing a lesser change, and phoisph~olipid 
phosphorus turnover remaining unchanged. 
The concentration of phosphorus in the DNA 
and RNA fractions were altered by radiation 
to the same extent as in the experiments re- 
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ported in Table I. The concentratifon of 
ph~spholipid, like the inmrpora9tion of P2, 
was not materially changed, 

The specific activities in Table I11 (counts 
per minute per mg P) are given in terms of 
the specific activities of inorganic phosphorus. 
The total uptake of Pa by the thymuses of the 
exposed rats was only 5 5 %  of the control. It 
was not established whether this difference 
was caused by decreased penetration of Pa 
into the thymus or by decreased absorption 
from the peritoneal cavity. 

A number of experiments in which mito- 
chondria were isolated from thymuses of ex- 
posed animals were attempted, but only 3 
were successful in terms of approximating 
100% recovery of the succinic dehydrogenase 
activity of the entire homogenate in ‘the sub- 
cellular fractions. I n  the 3 experiments which 
could be considered adequate from this stand- 
point, the succinic dehydrogenase activity of 
the mitochondria was approximately 208% 
lower than the activity of mitochondria simul- 
taneous1)- prepared from normal rat thymus. 

Discussion. The work of Barron (2,13,14) 
has indicated the possibility of attributing the 
deleterious effects of ionizing radiations on 
animal tissues to an inactivation of sulfhydryl 
enzymes. The experiments presented here, 
however. show that none of 3 sulfhydryl en- 
zymes ( 15 ) tested was appreciably altered by 
radiation. when studied as components of a 
thymus homogenate at a time after exposure 
when marked morphologic changes had oc- 
curred. 

The decrease in both turnover and concen- 
tration of DSA phosphorus seems to imply 
nuclear damage which (is apparently inde- 
pendent of inactivation of cytoplasmic en- 
zymes (although not necessarily independent 
of some other effect on the cytoplasm). Bar- 
ron has reported(2) that 4 hours after ex- 
posure of a rat to x-radiation, the glycolytic 
and respiratory activities of the thymus do 
not deviate significantly from the control 
value, although histologic change is well es- 
tablished ( 1 ) . Beginning 24 hours after ex- 
posure. and persisting for 7 or 8 days there- 
after, however, the respiratory activity of 
thymus slices is depressed to 30 to 50% of 
the normal(3), although we were unable to 

detect any such order of dim,inution of activ- 
ity of ,the respiratory enzymes which we had 
studied, using a water homogenate. 

We had observed, however, some diminu- 
tion of succinic dehydrogenase activity of the 
mitochondria from thymuses of irradiated 
rats, although these experiments were not con- 
clusive. This observation tends to support the 
observations of Barron with tissue slices, 
rather than our other studies with aqueous 
homogenates in which the integrity of the 
mitochondria was lost. 

In  view of recent work by Potter et al. 
(16), i t  is possible that the discrepancy be- 
tween the susceptibilities of slices and ho- 
lmogenates to the actions of ionizing radiations 
may be related to differences in cellular or- 
ganization, particularly in respect to the 
mechanism for regulation of levels of high- 
energy phosphate; “. . . the breakdown of 
high energy phosphate may be rate-limiting 
for oxygen uptake in the mitochondria and in 
the slice, but not in the whole homogenate” 
(16). 

Our results on lack of enzyme inactivation 
are far from extensive, and certainly do not 
rule out the possibility that sulfhydryl en- 
zymes other than those studied here may be 
more sensitive to in viva inactivation. Never- 
theless it seems important to emphasize that 
destruction of sulfhydryl enzymes following 
the irradiation of biologic material is not a 
uniform, indiscriminate process ; such slight 
inactivation as was observed in our experi- 
ments might lead one to suspect that in vivo 
inactivation of respiratury enzymes through 
the action of ionizing radiations, either di- 
rectly or indirectly through activation of 
water, was not even a particularly important 
aspect of radiation damage, a t  least insofar 
as a direct mechanism of cellular destruction 
was concerned. 

Interference with DNA synthesis would 
seem to be a more plausible explanation of the 
immediate cause of cellular damage, the later 
changes in respiration and glycolysis being 
merely an effect of diminished or altered cellu- 
larity. A decreased capacity of the tissue to 
esterify inorganic phosphate could account for 
the decreased concentration and turnover of 
DNA phosphorus, but one would not expect 
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this impaired esterification to be specific for 
DXA. A certain specificity does exis& how- 
ever, in view of the more striking decreases in 
P32 tincorporation into DNA than into RNA, 
with no change in phospholipid turnover, a 
finding which would not be anticipated if a 
diminished capacity for phcosphorus esterifica- 
tion were the sole metabolic defect produced 
by radiation. Hence the action through 
which radiation alters the metabolism of DS-4 
remains obscure. 

I t  is conceivable that the important effects 
of radiation are directed principally toward 
cell surfaces, resulting in altered permeability 
characteristics leading to loss of diffusible 
cofactors. Such a concept, although capable 
of reconciling most of the data, is not readsily 
amenable to experimentation in as complex 
an organism as the rat. 

Szunmnry. Segligible changes were ob- 
served in the activities of succinic dehydro- 
genase, malic dehydrogenase, cytochrome oxi- 
dase, and adenosine triphosphatase in a thy- 
mus homogenate prepared from a rat exposed 
to 800 r of gamma radiation; however, pro- 
nounced diminution both in concentration and 
in P32 incorporation of thymus DN.4? and to a 
lesser extent It'l'~4, were evident 3 hours after 
exposure of the rat, and became progressively 
greater during a 96-hour post-irradiation in- 
terval. The capacity of a thymus homogenate 
to esterify inorganic phosphate was appre- 
ciably diminished in the irradiated rat. I t  is 
suggested that the diminished respiration ob- 
served in slices of thymus from irradiated rats 

is not a primary radiation effect, since com- 
parable changes do not occur in the activity 
of individual respiratory enzymes studied 
here. 
-~ 
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Since the first cultivation of Endamoeba 

* Supported by a grant from the Sational Insti- 

histolytica by Boeck and Drbohlav(l), the 
goal of parasitologists has been to maintain 
this protozoon free of association with other 
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although within the last few years progress has 
been reported. Shaffer and co-workers(2-5) 
cultivated E. kistolytica in a modified thiogly- 


