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the other methods (although more traumatizing and per- 
haps w i th  side-effects) used to produce non-specific sup- 
pression of the normal immunological function in rabbits, 
and to repeat the present experiment. 

Riassunto. Conigli immunologicamente tolleranti alla 
caseina t ra t ta t i  parenteralmente con la stessa proteina 
vanno soggetti ad amiloidosi in misura uguale a quella 
degli animali di controllo, dimostrando c h e l a  patogenesi 

della malat t ia  non ~ riconducibile a schemi immunologici 
classici. 
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T h y r o i d  and Pituitary Gland Activity during 
Compensatory Renal Hypertrophy 

Though there have been several investigations as to 
endocrine factors controlling renal compensatory hyper- 
plasia and hypertrophy, the exact roles of the thyroid and 
pi tui tary glands are not fully understood. Despite its con- 
sequent low metabolism, thyroidectomy does not prevent 
compensatory renal enlargement1,% On the other hand, 
thyroxine administrat ion enhances kidney hypertrophy 
in uninephrectomized rats s. The effect of hypophysec- 
tomy is more controversial. Several investigators have 
reported failure of compensatory renal hypertrophy in the 
absence of the pi tui tary x,4-s. However, compensatory 
renal hypertrophy can be demonstrated if allowance is 
made for the rapid drop in weight or deoxyribonucleic 
acid (DNA) synthesis after hypophysectomy ~-L 

This investigation explored the cellular activity and 
morphologic changes of the thyroid and pi tu i tary  glands 
during renal compensatory hypertrophy in rats. Auto- 
radiographic techniques with trit iated thymidine were 
used to measure deoxyribonucleic acid (DNA) synthesis 
and cell proliferation rates. 

Materials and methods. Female albino rats of the 
Sprague-Dawley strain (Charles River Laboratories, Wil- 
mington, Mass. )weighing between 135 and 150 g were 
kept in a room where the temperature was maintained 
between 65 and 80°F. They were housed ~wo to a cage 
and fed Purina Laboratory Chow and water ad libitum. A 
left nephrectomy was performed on the experimental 
group through a lateral abdominal incision. The control 
animals were sham operated; the left kidney was manipu- 
lated and replaced. The animals were sacrificed on various 
days after the operation. An intraperitoneal injection of 
trit iated thymidine (1 ~c/g body weight) was given 4 h 
prior to death. The trit iated thymidine had a specific 
activity of 2.0 c /mM and was purchased from New 
England Nuclear Corp., Boston (Mass.) All animals were 
sacrificed between i p.m. and 3 p.m. to avoid variations 
in diurnal mitotic ac t i v i t ymn .  After death, the thyroid 
and pi tui tary glands were removed, weighed, fixed in 
formalin, embedded in paraffin, cut at  5 ~, and mounted 
on glass slides for autoradiography according to the 
method of Messier and Leblond 1~. After 4 weeks' exposure, 
the autoradiographs were developed, fixed and stained 
with hematoxylin and eosin. The degree of labelling of the 
thyroid and anterior pi tui tary parenchymal cells was ob- 
tained by  counting the number  of labelled nuclei with 8 
or more silver grains. At least 10,000 parenchymal cells 
were counted per gland. Sect ions  were selected 25 ~t 
apart  to avoid recounting the same labelled cell. After 

initial  examination, the slides were relabelled and re- 
numbered, and counted as unknowns. 

Results end discussion. Kidney hypertrophy began 24 h 
post nephrectomy and appeared to reach a plateau 20 
days after operation (Table). The findings agree with 
reports by ADDIS and LEw la, and ROLLASON 14. 

The results of tr i t iated thymidine autoradiographic 
studies are also seen in the Table. The thyroid and pitui- 
ta ry  glands of the uninephrectomized r a t s  exhibited a 
marked increased incorporation of trit iated thymidine. A 

Fig. 1. Section of thyroid gland from 5th day uninephrectomized 
rat. The follicle lining cells are enlarged and many follicles show 

colloid depletion (125 x H &E stain). 
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Control group Uuinephrectomized group 

Days Rat  P i tu i ta ry  Thyroid Pi tui tary  Thyroid % 
after no. labelled labelled labelled labelled Hypertrophy~ 
nephreetomy cells/10,000 cells/10,000 cells/10,000 cells/10,000 of r ight  kidney 

% 
Increase in 
body weight 

Zero day  27B 0 0 
28B 0 0 
27A 0 0 

1 day 23B 0 O 
32A 0 0 
20B 3 22 5.1 
22B 18 4 8.3 
21B 42 54 9.0 

2 days 9A 0 0 
10B 0 1 

8 11 32.2 
2 4 42.5 

18 0 6.0 

3 days 10B I 0 
26A 0 0 

6B 6 54 28.3 
7B 16 4 20.6 
8B 5 1 21.8 

4 days 19A 0 1 
23A 0 2 
22A 1 4 32.8 
25A 0 5 43.3 
25B 0 0 29.3 

5 days IIA 0 0 
l lB 0 0 
14B 22 24 41.0 
15A 66 43 28.5 
24A 0 3 46,0 

6 days 12A 0 1 
12B 0 0 
13A 1 3 39.9 
13B 0 4 26.0 
18A 0 0 29.0 

S days 16A 58 17 
16B 3 5 
15B 26 11 45,7 
17A 2 3 24.4 
17B 18 0 37.1 

14 days IA 4 0 
4A 1 0 
2A 51 38 67.1 
3A 28 8 59.9 

21 days IB I 3 
4B 3 0 
2B 13 7 85.3 
3B 11 9 47.4 
5B 3 3 44.9 

0 
0 
0 

3.6 
2.6 
1.9 
1.3 
1.2 

1.9 
4.1 
2.7 
1.4 
4.6 

6.2 
6.4 
5.3 
6.9 
4.1 

11,5 
7.8 
9.9 
2.0 
7.8 

11.1 
15.6 
10.7 
13,7 
13.6 

10.4 
18.7 
16.6 
19.3 

8.1 

21.9 
16.9 
17.1 
12.2 
17.5 

39.7 
40.0 
53.2 
28.6 

60.0 
53.0 
52.0 
42.1 
45.0 

% Hyper t rophy = (weight of right kidney--  weight of left kidney/weight  of left kidney) × 100. 

definite peak  period of thymidine  incorporat ion Was not  
evident.  Direct correlation between the level of thymidine  
incorporat ion and degree of hyper t rophy  is not  seen. Very 
slight uptake  of t r i t ia ted  thymidine  was noted in the  con- 
t rol  group except on the 8th day. Although there are 
many  factors controlling endocrine gland act ivi ty,  there 
is no sat isfactory explanat ion for the high labelling index 
recorded on the 8th d a y  control  animal.  The elevated 
thymidine  uptake s t rongly suggests increased DNA syn- 
thesis and cell proliferat ion in the thyro id  and p i tu i t a ry  
glands during renal compensatory hypert rophy.  The 

amount  of thymidine  incorporation did not  appear  to 
follow a constant  pat tern .  This m a y  be a reflection of  
in te rmi t ten t  changes in endocrine act ivi ty.  

The uninephrectomized r a t s  revealed morphologic 
changes in the thyroid  gland. These changes were defi-  
n i te ly  noted on the 4th post  operat ive day  and were 
present  throughout  the  dura t ion of the  experiment.  The 
thyro id  glands showed enlarged columnar follicle cells. I n  
many  instances the  lumens of the  thyroid  follicles were 
completely devoid of colloid mater ia l  (Figure 1). The 
control animals showed mainly  low cuboidaI epi thel ium 
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wi th  m a n y  follicles filled wi th  colloid (Figure 2). No sig- 
n i f icant  morphologic  a l te ra t ion  was no ted  in t he  p i t u i t a r y  
glands  of  e i ther  group. 

Thus  i t  appears  the  t hy ro id  and p i t u i t a r y  glands m a y  
in a d i rec t  or  indi rec t  fashion inf luence the  ra te  of com-  

pensa to ry  renal  hype r t rophy .  The  changes ref lected in 
the  t hy ro id  glands of un inephrec tomized  ra ts  m a y  be 
secondary  to p i t u i t a ry  s t imula t ion  ~. 

RLsumd. Des 6tudes au to rad iograph iques  avec  la 
t h y m i d i n e  tri t i6e on t  mis en 6vidence l ' a u g m e n t a t i o n  de 
la synth~se de l ' ac ide  d6r ibonucl6ique e t  la prol i f6rat ion 
cellulaire de la thy ro ide  e t  de la p i tu i ta i re  p e n d a n t  
l ' hype r t roph ie  compensa to i re  r6nale. 

Les sections de la glande thyro ide  de ra ts  n6phrecto-  
mis6s un i la t6 ra lement  m o n t r a i e n t  une plus grande ac- 
t iv i t6  des follicules columnaires  e t  pe r te  de colloide. 

R.  M. I'qAKAMURA, D, S, MIYADA, 
A. T. K.  COCKETT, and  D. L, MOYER 

Departments o/ Pathology and Surgery]Urology, Harbor 
General Hospital, Torrance (Cali/ornia), University o/ 
Cali/ornia Medical Center, Los Angeles (Cali/ornia) and 
Long Beach Veterans Administration Hospital, Long Beach 
(Cali/ornia, USA.), January 20, 1964. 

Fig. 2. Section of thyroid gland from typical control rat showing low 
cuboidal epithelium with follicles filled with colloid (t25 × H &E 

stain). 

15 This work was supported by research grants from Cancer Research 
Coordinating Committee and California Institute of Cancer Re- 
search, University of California, Los Angeles (USA). 

Thymectomized Rats, Treated with Thymic 
Homogenate, Reject Skin Homografts 

T h y m e c t o m y ,  pe r fo rmed  in l abo ra to ry  ~nimals wi th in  
24 h of bi r th ,  causes reduced  body  deve lopment ,  de ter i -  
o ra t ion  in phys ica l  condi t ions,  diarrhoea,  and  dea th  in a 
few months .  A fai lure of smal l  l ymphocy te s  was t e rmina l -  
ly observed  in blood and  in lympho id  organs i ;  however ,  
no a l t e ra t ion  in t he  l ymphocy te /g r anu locy t e  rat io,  lym-  
pha t ic  s t ruc ture  or  p lasmocy te  n u m b e r  was found in the  
first  4 to 5 weeks af ter  t h y m e c t o m i z i n g  mice neona ta l ly  2. 

Besides these modif icat ions,  i t  was observed t h a t  
t h y m e c t o m y  s t r ik ingly  impairs  immunolog ica l  response:  
a t h y m e c t o m i z e d  an imal  does no t  re jec t  skin homo-  
graf ts  ~,a-6 or  grafts  of e i ther  normal  or  neoplast ic  foreign 
cells 6-9, and  i t  is no t  able to produce  ant ibodies  to  severa l  
an t igens  (sheep e ry th rocy tes ;  Salmonel la  H an t igen ;  
bov ine  serum atbumine)8,xo, n.  

The  d a t a  repor ted  po in t  ou t  t h a t  t he  t h y m u s  gland has  
an  i m p o r t a n t  role in immunogenes i s ;  mos t  au thors  agree 
abou t  this.  However ,  the  var ious  hypotheses  concerning 
the  mechan i sm of this  wction are confl ict ing.  MILLER a, 
GOOD et  al. 8, and BEAOUI~UX l~ bel ieve the  t h y m u s  m a y  
be  the  p r imi t ive  site of lymphopoiesis ,  and its presence 
migh t  establ ish the  deve lopmen t  of the  lympho id  sys- 
t e m ;  f rom it, immunolog ica l ly  compe ten t  c e i l s ( o r  pro-  
geni tor  elements) m a y  originate,  which  migra te  to  the  
per ipheral  s tat ions.  

Such a theory ,  which  we m a y  define as 'his tological ' ,  
is in opposi t ion  to some observa t ions  of a humora l  t y p e  
of ac t ion  suppor ted  by  t h e  t h y m u s  wi th in  immuno-  
genesis. I n  1959 M]~TCALF 18 demons t r a t ed  a t h y m i c  fac tor  
s t imula t ing  a lymphopoies is  in l ympha t i c  s t ructures .  
More recent ly  LEVXV et  al. x4 observed  t h a t  t h y m e c t o -  
mized mice, implan ted  wi th  mil l ipore chambers  conta in-  
ing t h y m u s  f rom new-born  mice,  do no t  present  any  
a l te ra t ion  of blood l ym phocy t e  d is t r ibut ion  or  of lyre-  

phoid organ deve lopment .  Animals  so t r ea ted  also regain  
the  capac i ty  to re jec t  skin homogra f t s  15. The  implan ta -  
t ion  of a t hymus-con ta in ing  mil l ipore chamber ,  3 to 4 
weeks af ter  b i r th  and t h y m e c t o m y ,  re induces  in mice the  
capac i ty  to  produce  an t ibodies  to  several  antigens,  
a l t hough  t h e y  m a y  somet imes  show signs of 'was t ing  
synd rome '  and  the  t roubles  of l y m p h a t i c  t issue t ro-  
ph i sm 1". 

Therefore ,  the  p rob lem of t he  mechan i sm of t h y m u s  
in terference on immunogenes is  is stil l  open. We  a t t e m p t e d  
to clar ify i t  by  per forming the  fol lowing exper iments :  

16 Sprague-Dawley  s t ra in  ra ts  were t h y m e c t o m i z e d  
24 h a f te r  bir th.  8 of the  t h y m e c t o m i z e d  animals  were 
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