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Effect of Irradiation and Cortisol on Thymus Fraction." (27880) 

AILENE HERRANEN AND WILLA K. BRUNKHORST (Introduced by R. I. Dorfman) 
Worcester Foundation for Experimental Biology, Shrewsbury, Mass. 

The question of a sensitive and non-sensi- 
tive cell population must be considered when 
the effect of any agent on a tissue is meas- 
ured. It has been reported that there are 2 
types of cells in thymus, lymphocytes which 
are radiosensitive and reticulum cells which 
are radioresistant ( 1). These cell types also 
differ in sensitivity to glucocorticoids (2). 
Eichel and Roth have discussed the problem 
of defining changes in enzyme activity in ex- 
tracts from organs which undergo atrophy, 
with a corresponding nitrogen loss (3). 

Two methods for differential extraction of 
thymus have been described(4). This report 
concerns the effect of ionizing radiation and 
cortisol treatment on the composition of the 
cell fractions using these methods. Gross in- 
volution of the thymus caused by these 
agents virtually eliminates small lymphocytes 
from the organ. A comparison of fractions 
from normal tissue and atrophied organs 
should indicate the cellular origin of the frac- 
tion or of major components in the fraction. 

Methods. Male rabbits, 3 to 4 months 
old, were exposed to 650 r of radiation from 
a Cobalt 60 source and sacrificed 72 hours 
later. Animals treated with cortisol were 
given 5 mg subcutaneously twice daily for 
3 days and sacrificed 72 hours after the ini- 
tial injection. 

Thymuses were removed and pooled into 
respective control and treated groups. The 
fractionation procedures described previously 
were applied(4). Briefly, in Method I the 
tissue was sequentially extracted by stirring 
slowly in water, followed by saline. The resi- 
dual tissue was extracted with saline at  high 
speed in the Waring Blendor. In Method 11, 
the tissue was separated into nuclear and cy- 
toplasmic fractions by a procedure based on 
the method of Allfrey et al.( 5).  The residual 
tissue was extracted twice with 0.15 M NaCl 
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to obtain a saline extract and a final residue 
of non-extractable material. Nuclei were 
fractionated by stirring first in H20, then 
saline, followed by 2 homogenizations in 0.15 
M saline. All extracts were centrifuged for 
1 hour a t  23,0001 X g to obtain the corre- 
sponding supernatant and sediment fractions 
which were dialyzed and lyophilized to ob- 
tain dry weights. Ribonucleic acid deter- 
minations were carried out using the pro- 
cedure of Schmidt and Tannhauser (6 ) .  

Results and discussion. Method I. Dry 
weights of the non-dialyzable material in 
each fraction obtained by Method I are 
shown in Tables I and 11. The results are 
expressed as grams per 1001 g wet weight of 
thymus and as mg per thymus. Because of 
the dramatic drop in number of lymphocytes 
and decrease in mass of the tissue, the data 
expressed as yield per thymus should reveal 
which fractions were obtained from lympho- 
cytes. 

When expressed as g/100 g of thymus, the 
dry weight of Fraction A is higher in the ir- 
radiated and cortisol treated animals. T'he 
composition of the fractions from control and 
treated animals is different as determined by 
electrophoretic analysis. A larger weight 
fraction of serum albumin in Fraction A from 
treated animals indicates that a higher per- 
centage of this fraction is due to serum pro- 
teins as compared with Fraction A from un- 
treated animals. The amount of Fractions 
B, C, and D decreased in tissue from treated 
animals. Tables I and I1 also illustrate the 
loss of ribonucleic acid from most fractions. 

Extraction of thymus by this method does 
not provide fractions which clearly differen- 
tiate radiation and hormone sensitive or ra- 
diation and hormone resistant cells. If a 
fraction originated from resistant cells the 
yield per thymus should not change, whereas 
the yield per 100 g of thymus would increase 
in tissue from treated animals. 

In  most work reporting changes in enzyme 
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TABLE I. Effect of Irradiation on Yield and  RNA Content of Thymus Fractions. 

Coil t rol Treated 

F' ra c' ti on g/100 g nig/thymus % RNA g/100 g mg/thymus 75 RNA 

Supeniatnat A .89@ 
Scilinient A .085 
Supcrnatnat R 1.450 
Sedinicnt 13 .155 

Seclitiicmt C .@48 
Sii]wrii:it:i~it I), ,541 
Srtlitiiciit I), 1.21 
supcr1ia tilllt I )2 .270 
Scdinic~iit 1 )? .429 

Supcr11at:lnt c 3 2 6  

28.2 
1.4 

23.2  
2.5 
5.0 
.8 

8.7 
8.5 
4.2 
b >  i )  -.- 

9 
7.8 
7.4 

11.7 
10.0 
5.9 
9.6 
4.2 

11 . f i  
5.2 

1.66 
.242 
.767 
.067 
2 7 1  
.038 
.426 
.TO9 
.I "0 
.236 

17.9 
2.6 
8.3 

.7 
2.9 

.4 
4.6 
7.7 
2.3 
2.5 

5.9 
5.5 
4.9 
4.8 
6.4 
4.1 
8.5 
3 . 0  
9.i 
4. z 

'J'A 131,E 11. Effect of Horitioiic Trc:itiiient 011 Yield and R S A  Content of Thymus Fraction. 

~ o n t r o l  Trea ted 

Fi.;ic. ti 011 g/lO0 g nig/tliynius % R S A  g/100 g mg/thynius % RNA 

Su ycrna t n ti  t A 
8 e cl i n i  cn t A 
Snpcima tan t  R 
S cdi 111 cii t R 
Supcriiatant C 
Sediment C 
sul~crIl,?tallt I), 
S cdi ti i cii t D, 
SlIper1'"tallt I), 
S ctl i 111 c ~ i  t D, 

3 3 9  
.058 

1.392 
.154 
.46 7 
.188 
.7?58 
.802 
."*5 
260  

~~ 

32.4 
1.4 

24.2 
6.9 

28.4 
1.5 
4'7.3 
40.6 
10.9 
13.8 

10.2 
8.6 
9.0 
8.9 
9.4 
6.2 
9.8 
5.5 

10.2 
5.0 

1.44.5 
. l a4  
.676 
.131 
.140 
.010 
.114 
.018 
.205 
.055 

22.6  
2.9 

10.6 
2.1 
2.2 

.6 
1.05 

.7 8 

.2 

.35 

activities in thymus after treatment, the tis- 
sue extract is comparable to Fraction A or a 
mixture of Fractions A, B, and C. The change 
in yield and composition of Fraction A sug- 
gests that it is predominantly from the sen- 
sitive lymphocytes, The marked change in 
composition of this fraction as indicated by 
the increase in amount of serum (or lymph) 
proteins while the amount of cellular proteins 
decreases, again demonstrates the inaccuracy 
of expressing changes in enzyme activities in 
terms of nitrogen content ( 3 ) .  

Method TI. The results obtained using 
this method are listed in Tables I11 and IV. 
The data indicate that S1 is predominantly 
from cytoplasm of lymphocytes. The yield 
of S1 is reduced when expressed as mg per 
thymus. Electrophoretic analysis shows a 
higher weight fraction of serum albumin in 
tissue extracts from treated animals (Fig. 1 ) .  
Component 1 previously has been demon- 
strated to be serum albumin( 7 ) .  Component 
2 has been shown to contain most of the ribo- 
nucleic acid in the extract (8). The decrease 

4.5 
3.9 
5.7 
3.5 
5.1 
2.7 
5.1 
3.8 
9.2 
5.3 
-- 

in this component is also illustrated in the 
electrophoretic patterns and is consistent 
with the large drop in ribonucleic acid con- 
tent of the fractions. The corresponding de- 

l l  L 2 1  
PI(:. 1. El(hctrop1ioretic patterns of fraction S, 
froiii coiitrol ((2) and cortisol-treated (T) animals. 
S, fl*oiii tliyiiius of irradiated animals is the same 
:IS tli:it f w l i i  horinone-treated animals. Patterns 
; I I Y ~  of tile drsceiiding limb af te r  120 min under a 
1mtcnti:il gradient of 4.4 volts/cm in  veronal buf- 
fer, 0.10, pH 8.6, diagonal slit angle 45". 1 des- 

ignates the albumin and 2 fraction 5.1P. 
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TABLE 111. Effect of Irradiation on Yield and RNA Content of Thymus Fractions. 

Control Treated 
Fraction g/100 g mg/thymus % RNA g/100 g mg/thymus 741 RNA 

81 
Sediment S, 
Saline extract 
Sed. saline extract 
Nuclear fractions 

Supernatant A 
Sediment A 
supernatant B 
Sediment €3 
Supernatant D 
Sediment D 
Nuclear residue 

Final residue 

2.32 
3 5 8  
.401 
.122 

.340 

.055 

.320 

.020 

.270 

.218 
3.47 
4.88 

46.4 
16.9 

7.9 
2.4 

9.9 
.1 

9.3 
1.4 
5.3 
4.3 

68.5 
96.4 

8.3 
12.9 
10.3 

2.5 

13. 
10. 
7.7 
7.6 
9.6 
4.6 
2.5 
2.2 

2.130 
3 7 9  
.766 
.436 

,176 
.041 
.091 
.015 
.089 
.139 
.928 

12.55 

15.6 
6.4 
5.6 
3.2 

1.3 
.3 
.7 
.I 
.65 

1.0 
6.9 

92.0 

3.9 
8.1 
9.2 
3.6 

10.3 
8.5 
6.1 
5.9 
3.4 
3.1 
2.8 
1.2 

TABLE IV. Effect of Hormone Treatment on Yield and RNA Content of Thymus Fractions. 

Control Treated 
Fraction g/100 g mg/thymus % RNA g/100 g mg/thymus % RNA 

s, 
Sediment S, 
Saline extract 
Sed. saline extract 
Nuclear fractions 

Supernatant A 
Sediment A 
Supernatant B 
Sediment B 
Supernatant D 
Sediment D 
Nuclear residue 

Final residue 

2.38 
.92 
.17 
.03 

.28 

.07 

.43 

.02 

.27 

.14 
4.17 
2.95 

84.9 
33.1 

6.7 
1.4 

10.5 
2.4 

15.4 
.6 

9.8 
4.8 

152.8 
106.9 

8.1 
12.7 
8.4 
8.4 

14.0 
13.6 
6.3 
7.7 
7.2 
4.8 
2.7 
3.0 

1.90 
.67 
.43 
.23 

.06 

.02 

.SI. 

.003 

.01 
-03 

1.82 
9.7 

14.3 
5.1 
3.3 
1.8 

.5 

.s 

.9 

.05 

.08 

.3 
14.2 
74.6 

2.9 
8.7 
7.3 
4.4 

7.8 
11.9 
4.8 
5.4 

10.8 
11.9 

2.9 
2.2 

crease in total amount of nuclear material 
confirms that these fractions are predomi- 
nantly from the sensitive lymphocytes. 

The data from the saline extracts show lit- 
tle change in amount per thymus after irra- 
diation suggesting that this fraction may ori- 
ginate from the radioresistant elements of 
the tissue. The increase in yield per 100 g 
of tissue and the fact that the ribonucleic 
acid in the fraction does not change also sup- 
port this conclusion. The increase in yield 
of final residue when expressed as grams per 
100 g of thymus and lack of change when 
expressed as mg per thymus indicates that 
the residue is also from radioresistant ele- 
ments of the tissue. 

Comparison of the data from Tables I11 
and IV indicates some differences between 
the effects of hormone treatment and those 

resulting from irradiation. The yield in mg/ 
thymus of saline extractable material is much 
lower following hormone administration. 
There is no change in the final residue after 
irradiation, whereas cortisol treatment causes 
a decrease in the amount of this fraction per 
thymus. The results suggest that the reticu- 
lar components, as well as the lymphocytes, 
were affected by the regimen of hormone 
treatment. Dougherty (9) has stated that 
reticulum cells show no degenerative effects 
after a single injection of ACTH or adrenal 
cortical hormones. Baker et al. ( 10) inves- 
tigated histological changes in lymphatic tis- 
sue of animals following prolonged treatment 
with adrenocorticotropin. Although lympho- 
cytes were much more sensitive, reticulum 
cells were affected by adrenocortical activity. 
The extent of the effect varied with duration 
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of the treatment and dosage of hormone. Ex- to nuclear material were noted in treated ani- 
tensive changes were noted after 21 days of 
hormone administration. 

Summary. Rabbits were exposed to 650 r 
of radiation or were injected with 10 mg cor- 
tisol for 3 days. Two methods were used 
for fractionation of thymus from control and 
treated animals. Method I was based on se- 
quential extraction with water and saline. 
Nuclear and cytoplasmic fractions of lympho- 
cytes were prepared by Method.11. Minced 
tissue was stirred in sucrose-CaC12 and resi- 
dual material homogenized in saline. Method 
I does not distinguish cytoplasmic and nu- 
clear components. The weights of all frac- 
tions except Fraction A were lower in ex- 
perimental animals when data are expressed 
as g/100 g thymus. A large portion of Frac- 
tion A was found to be serum proteins as de- 
termined by the large increase in albumin in 
electrophoretic patterns. RNA was lower in 
most fractions from experimental animals. 
Electrophoretic analysis of the S1 cytoplas- 
mic fraction from lymphocytes obtained by 
Method 11, again shows a higher weight frac- 
tion of albumin in the extract from treated 
animals. Decreases in fractions attributed 

mals. Nuclear fractions were attributed 
largely to lymphocytes. Saline extracts and 
final residue show little change following ir- 
radiation, indicating these fractions are from 
radioresistant elements. Both fractions are 
more sensitive to hormone treatment. 
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Immunochemical Studies on Kidney Hypertrophy of the Rat. (27881) 
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I t  has been the contention that in condi- 
tions of unilateral nephrectomy the hyper- 
trophy of the remaining kidney occurs with 
no increase in the number of glomeruli as 
made by counting studies ( 1,2 ) . This hyper- 
trophy begins almost immediately after 
nephrectomy and some correlation with an 
increase in mitotic activity in the remaining 
kidney has been reported (3,4). 

We have observed that in newborn ani- 
mals treated with rabbit anti-rat kidney se- 
rum rapid localization of anti-kidney anti- 
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bodies was seen in all glomeruli, by means 
of the indirect fluorescent antibody technic. 
Therefore, the antibody can be used as a 
marker for glomeruli. When animals treated 
in this manner are allowed to grow to 6 weeks 
before being sacrificed the newly formed glo- 
meruli that have become active subsequent 
to the treatment are unmarked and hence 
can not be stained for the presence of the 
marker antibody. Only those glomeruli that 
were available to the antibody at time of 
treatment can be stained(5). Since every 
glomerulus can be marked by the antibody 
the procedure would be a sensitive way of 


