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t r a p p e d  in t he  ou t l e t  of the  ovar io le  (Figure  E) be ing  un-  
ab le  to  pass  out .  I n  o t h e r  ins tances ,  t he  eggs h a d  a p p a -  
r e n t l y  b e e n  d i s p a t c h e d  b u t  t h e  v i t e l l a r i n m  fai led to  sh r ink  
and  r e m a i n e d  sack- l ike  (Figure  D). On t he  o the r  h a n d ,  
the  sh r inkage  of t he  v i t e l l a r i u m  some t imes  b e g a n  before  
t h e  t e r m i n a l  oocy te  was  m a t u r e  enough  to  be  depos i t ed  
(Figure  C). 
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The effects of juvenile hormone on the differentiation 
processes in the ovaries of Thermob{a resemble the mor- 
phogenetic action exerted by the hormone during meta- 
morphosis. The hormone influences only the tissues that 
have not yet passed a certain point of developmental de- 
t e r m i n a t i o n K  The  d i f f e r en t i a t i on  processes  in  t h e  gonads  
of p t e r y g o t e  insec ts  seem to  be  d e t e r m i n e d  a n d  of ten  also 
accompl i shed  pr io r  to  t he  imag ina l  ecdysis  and  are the re -  
fore a f fec ted  only  if t he  h o r m o n e  or i ts  ana logues  are ad-  
min i s t e red  to l a rvae  7-9 or p u p a e  1% I n  t he  f i rebra t ,  t h e  dif-  
f e r en t i a t i on  of oogonia  a n d  prefo l l icu lar  cells con t inues  
in  the  a d u l t  s tage 11 and,  as shown  in t he  p r e sen t  s tudy ,  
m a y  the re fore  be ful ly i m p e d e d  b y  t he  juven i l e  ho rmone .  
The  defects  in  egg depos i t ion  are di f f icul t  to  in t e rp re t .  
The i r  possible  cause  m a y  be e i the r  m a l f o r m a t i o n  of t he  
fol l icular  ep i the l i um ( incomple te  n u m b e r  of fol l icular  cells 
etc.) or d i s t u r b a n c e s  in  t h e  h o r m o n a l  i n t e r p l a y  t h a t  con- 
t ro is  t he  i n d i v i d u a l  phases  of r ep roduc t ion .  

Zusammen/assung. A p p l i k a t i o n  yon  1-100 I*g i rgend-  
t i ne s  der  2 Cecropia-Juvenilhormone auf  die e rwachsenen  
W e i b c h e n  yon  Thermobia domestics v e r u r s a c h t  S t 6 r u n g e n  
des Dif ferenzierungs-  u n d  Eiab lageprozesses  in  den  Ova-  
r ien  u n d  erniedrig~c demzufolge  die Vermehrungsf~ ih igke i t  
der  Tiere.  

]~UGENIA B. ROHDENDORF and  F. SEHNAL TM 

Entomological Institute, Czechoslovak Academy o] Sciences, 
Na Folimance 5, Praha 2 (Czechoslovakia), 
28 February 7972. 

R N A  M e t a b o l i s m  i n  B r a i n  o f  S u c k l i n ~  N o r m a l  a n d  

I t  is well  e s t ab l i shed  t h a t  in  t h e  ra t ,  n e o n a t a l  t h y r o i d  
def ic iency m a r k e d l y  affects  ce rebra l  p r o t e i n  syn thes i s  3, a. 
A l t h o u g h  th i s  a l t e r a t i o n  has  been  cons idered  as t h e  unde r -  
ly ing  f ac to r  of t h e  b iochemica l ,  h is to logical  a n d  behav io -  
u ra l  a l t e r a t i ons  a c c o m p a n y i n g  n e o n a t a l  h y p o t h y r o i d i s m  4, 
t he  m e c h a n i s m s  b y  wh ich  t h y r o i d  h o r m o n e  would  s t imu-  
la te  p r o t e i n  syn thes i s  in deve lop ing  b r a i n  h a v e  n o t  ye t  
been  c lear ly  e luc ida ted .  

I t  is k n o w n  t h a t  R N A  m e t a b o l i s m  plays  a key  role in the  
con t ro l  of processes  of g r o w t h  a n d  deve l opm en t ,  a n d  
t h y r o i d  h o r m o n e  regu la tes  such  processes  b y  s t i m u l a t i n g  
R N A  syn thes i s  in  i ts  t a r g e t  t issuesS;  i t  has  also been  de- 
m o n s t r a t e d  t h a t  R N A  syn thes i s  is v e r y  h i g h  in the  im-  
m a t u r e  b ra in ,  dec reas ing  r ap i d l y  d u r i n g  ear ly  p o s t n a t a l  
m a t u r a t i o n  6, 7. Cons ider ing  t h a t  in t he  r a t  b ra in ,  t he  ma-  
t u r a t i o n a l  effects of t h y r o i d  h o r m o n e  t ake  place d u r i n g  
t he  f i rs t  10-12 p o s t n a t a l  days  s, i t  seemed i n t e r e s t i ng  to 
s t u d y  t he  effects  of n e o n a t a l  t h y r o i d e c t o m y  in t h e  r a t  
u p o n  b r a i n  R N A  me tabo l i sm,  a t  10 days  of age, when  
b r a i n  morphogenes i s  is v e r y  act ive .  

Materials and methods. R a t s  f rom a h igh ly  inb red  W i s t a r  
s t r a i n  were  used  t h r o u g h o u t ,  n o r m a l  con t ro l s  a n d  neo-  
n a t a l y  t h y r o i d e c t o m i z e d  an ima l s  be ing  p r epa red  a n d  k e p t  
as p rev ious ly  r epo r t ed  ~. 5-(aH)-orotic acid (sp.  act.  15 
Ci /mmole)  was o b t a i n e d  f rom t he  C o m m i s s a r i a t  g l ' E n e r g i e  
A t o m i q u e  (France) ,  and  all o the r  chemica l s  were r eagen t  
grade.  

A t  10 days  of age, each  a n i m a l  was in jec ted  s.c. w i t h  a 
labe l led  orot ic  acid so lu t ion  (1 ~,C/g b o d y  weight) ,  a n d  
ki l led b y  d e c a p i t a t i o n  1, 3 or 24 h a f t e r  t h e  in jec t ion .  The  
cerebra l  hemi sphe re s  f rom 3 b ra ins  were pooled in each  
e x p e r i m e n t  and  s l igh t ly  homogen ized  in 10 vo lumes  of 
cold 0.32 M sucrose, c o n t a i n i n g  1 m21r MgC12 a n d  0.4 m/!4r 
p o t a s s i u m  p h o s p h a t e  buffer  (pH 6.7). T he  h o m o g e n a t e  

H y p o t h y r o i d  R a t s  1 

(t-IT) was used to  i so la ted  c rude  nuc lea r  (CN), c rude  
mitochondrial (MIT), microsomal (MIC), and supernatant 
(S) f r ac t ions  accord ing  to  SEMINARIO e t  al. 9, excep t  t h a t  
pel le ts  were washed  w i t h  h o m o g e n i z i n g  so lu t ion  and  c rude  
nucle i  were washed  3 t imes.  Pur i f ied  nuclei  (PN) were  
o b t a i n e d  f rom CN fol lowing the  p rocedure  of BAL&ZS a n d  
CocKs 10. The  f ina l  pe l le ts  were r e suspended  in homogen iz -  
ing so lu t ion ;  a l iquo t s  of these  suspensions ,  as well as one 
of S and  HT,  were used to d e t e r m i n e  R N A  accord ing  to  
MUNRO a n d  FLECK 11. R a d i o a c t i v i t y  i nco rpo ra t ed  in R N A  
was  m e a s u r e d  in each  f r ac t ion  as fol lows:  cold t r i ch loro-  
acet ic  (TCA) so lu t ion  was added  to give a f ina l  TCA con- 
c e n t r a t i o n  of 1 0 % ;  a f t e r  c e n t r i f n g a t i o n  in t he  cold, t he  
p r e c i p i t a t e  was  w a s h e d  once w i t h  cold 10% TCA a n d  
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twice wi th  e thanol :  e thyl  e ther  (3:1 v/v) .  The  residue, 
which contained IRNA, was dissolved in a small  vo lume  of 
2 N NaOH,  at  37~ and t ransferred t o  a count ing vial  
conta ining 12 ml  of ]3RAY'S solut ion ~. 700 mg of Cab-o-Sil  
(Cabot, Argentina) were added wi th  the  purpose of ob- 
ta in ing a homogeneous  suspension. Fu r the r  pur i f ica t ion  
of 1RNA was considered unnecessary in v iew of the obser- 
va t ion  of BALAZS and CocI~s ~0, showing tha t  ~C of D N A  
was less t han  1% of t h a t  of R N A  23 h after  the  in jec t ion  
of ~4C orotic acid. Fur thermore ,  in some paral le l  experi-  
ments,  the  results were compared  wi th  those obta ined by  
phenol-dodecyl  sulphate  ex t rac t ion  and e thanol  precipi ta-  
t ion of IRNA according to MIJRrHY ~3 showing a ve ry  close 
agreement .  I n  each subcellular  fraction,  the  specific 
r ad ioac t iv i ty  (SR) was expressed as d p m / m g  1RNA. 

Rad ioac t iv i ty  of the  acid-soluble pool  was measured  in 
the  TCA superna tan t  of an a l iquot  of t i T  af ter  5 washings 
wi th  e thyl  e ther  and dry ing  the aqueous phase under  
v a c u u m  at  low t empera tu re  ; the  residue dissolved in 12 ml  
of BRAY'S solut ion and t ransferred to a count ing vial. The 
results, expressed in d p m / m g  wet  weight  of tissue, was 
considered as an indicat ion of the  en t ry  into the  brain of 
labelled orotic acid and its metabol i tes .  Al though  isotopic 
exchange cannot  be discarded, this  considerat ion is val id  
for the  purpose of comparison of bo th  exper imenta l  groups. 
The  to ta l  r ad ioac t iv i ty  of HT, also expressed in d p m / m g  
wet  weight  of tissue, was es t imated  by  the  sum of t ha t  
present  in the  acid-soluble and acid-insoluble fractions.  
All samples were counted  in a Packard  Spec t rometer  
(model 3003), wi th  all efficiency of 18-25%. Counts were 
corrected to 100~o efficiency by  the  channel ' s  ra t io  
method.  

Results. At  10 days of age, bo th  the  bra in  and body  
weights  were unaffected by  neonata l  thyro id  det ic iency;  
thus, the brain weight  calculated as a percent  of the  body 
weight  was similar  in bo th  groups (4.25 • 0.31 for normal,  
and 4.60 • 0.26 for hypo thyro id  rats ). 

The to ta l  bra in  IRNA conten t  per  g ram was s l ight ly 
lower  in hypo thyro id  t h a n  in normal  animals,  the  dif- 
ference not  being significant,  l iowever ,  in the  microsomal  
fract ion,  a s ignif icant  decrease (14%) was observed in 
hypo thy ro ids  as compared  to normals  (Table I). 

In  both  groups, the to ta l  aI-I conten t  increased at  s imilar  
ra tes  fol lowing the  in ject ion of labelled orotic acid (Figure 
1A). The  percent  of to ta l  ~li incorpora ted  into R N A  was 
s imi la r  in bo th  groups th roughout  24 hs. I t  increased 
s lowly and at  the  longest  t ime  in te rva l  represented only 
45% of the  to ta l  r ad ioac t iv i ty  (Figure 1B). Al though  the  
ra tes  of increase in the  label l ing of the  acid-soluble pool 
were s imilar  in bo th  groups, the  aH conten t  of this  pool  
was higher  in hypo thyro id  than  in normal  brains i h (11%) 

and 3 h (16%) after  the  inject ion,  the  difference disappear-  
ing a t  24 h (Table l i ) .  

No significant  difference was observed in the  percentage 
d is t r ibut ion  of the  label among  subcellular  fract ions wi th  
t ime  (Figure 2). In  bo th  groups, at  the  earliest t ime  inter-  
val,  more than  85% of the  R N A  in subcellular  fract ions 
was recovered in the  nuclear  f ract ion (CN), and sub- 
sequent  losses of the  label f rom the  nuclei  in the  first  24 h 
can be accounted for by  the  increased labell ing of cyto-  
plasmic I~NA, which a t  24 h represents  55-65% of the  aH 
incorpora ted  into RNA.  

The values of SR  also showed t h a t  in bo th  groups the  
labellilag of R N A  in P N  was much  more rapid  than  t h a t  
of the  o ther  fract ions (Table II) .  As a resul t  of thy ro id  
deficiency it  was found tha t  1 h af ter  in ject ion the  va lue  
of the  SR  of R N A  in P N  was s ignif icant ly  lower (20%) 
than  t h a t  fonnd in normals.  In  ~ I C ,  the  increase of SR  
of IRNA was also Mower in hypo thyro id  animals.  Thus a t  1 
and 3 h lower values  were obta ined  as compared  to nor- 
reals (44% and 13%, respectively) .  All these differences, 
however,  disappeared at  24 h. The  SR of mi tochondr ia l  
IRNA was lowered by  hormona l  deprivat ion,  bu t  only  
after  a longer t ime  in terva l :  3 h (27~o) and 24 h (32%). 
The values of soluble R N A  were similar  for bo th  animal  
groups. 

Discussion. In  the  present  work, brain IRNA synthesis  
has been s tudied after  the  subcutaneous  adminis t ra t ion  
of labelled orotic acid. In  spite of the  poor cerebral  uptake,  
our  results are in good agreement  wi th  those obta ined  in 
autoradiographie  studies fol lowing the  subcutaneous  in= 
ject ion of 3H-uridine into 10-days-old mice 1~. In  normal  
and hypo thyro id  brains, t hey  show the  nuclear  origin of 
newly synthe t ized  IRNA and subsequent  t ransfer  to the  
cytoplasm,  which is in accordance wi th  previous  observa- 
t ions of o ther  workers  ~0,15, who used the  in t racerebral  in- 
j ect ion of the  labelled precursor.  Our f inding showing tha t  
the  SR  of nuclear  R N A  is by far  the  highest,  even af ter  
24 h of the  inject ion,  also coincides wi th  results repor ted  
by BALAZS and COCKS ~0, who found t h a t  the  SR  of nuclear  
R N A  does no t  fall below tha t  of cytoplasmic  fract ions 
after  48 h of the  inject ion.  This  differenciates the  bra in  
cells f rom those of o ther  tissues, like the  l iver  x~, in which 
the SR  of nuclear  IRNA increases and decreases rapidly.  

The  most  s ignif icant  a l te ra t ion  observed in hypo thy ro id  
bra in  was the  decrease in the  SR of bo th  nuclear  and mi-  

13 G. A. B~AY, Analyt. Bioehem. 1,279 (1960). 
is 1Vi. R. V.'MURTH% Bioehim. biophys. Acta 166, 115 (1968). 
1~ M. S~IMAD.~ and T. NAXAMImA, J. Neurochem. 13, 391 (1966). 
15 S. C. BO~Du J. Neurochem. 13,.955 (1966). 
18 j .  R. TATA and C. C. WIV~rELL, Biochem. J. 98, 604 (1966). 
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Fig. 1. Total radioactivity in whole brain and 
its distri butioil between acid-soluble and acid- 
i~soluble fractions. A) Total 3H content: 
(0--0) normal controls; (�9 �9 hypothy- 
roids. B) Percentage distribution of total ~H. 
Acid-sol uble pool: ( �9  -- �9  normal controls ; 
(t]--[i]) hypotbyroids. Acid-insoluble residue 
(RNA) : ( A-- A) normal controls; (& -- A) hy- 
pothyroids. Each point represents the mean 
of 4-5 experiments. 



15.9. 1972 Specialia 

Table I. RNA content in brain and its subcellular fractions from 
normal and hypothyroid rats 

Fraction Normal Hypothyroid P value 

80 

6O 

HT 2.78 4. 0.13 2.57 • 0.07 

CN 0.51 4. 0.08 0.48 4. 0.01 a: 40 
._c 

(PN) (0.22 4. 0.01) (0.23 4. 0.01} m 

MIT 0.47 4- 0.02 0.45 4. 0.01 
~- 20 

MIC 1.05 4. 0.06 0.91 4. 0.07 <0.001 

S 0.29 4. 0.01 0.27 4. 0.01 

Recovery 73.0 % 75.5 % 

The results are expressed in mg/g wet weight of tissue, and are the 
means 4. S.E.M. of 9 individual experiments for each group. They 
were compared by means of the Student 's  t-test, and when the 
difference is significant, P value is indicated in the Table. Abrevia- 
tions as in the text. 
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Fig. 2. Percentage distribution of 3H in the RNA of subeellular 
fractions. The results are expressed in percentage of aH recovered in 
the main fractions (CN + MIT + MIC + S). Nuclear RNA (CN): 
(O--Q) normal controls; (O-- -O)  hypothyroids. Cytoplasmic RNA 
(MIT + MIC + S): (A--  A) normal controls; (& ---  A) hypothyroids. 
Each point represents the mean of 4-5 experiments. 

c r o s o m a l  R N A ,  o c c u r r i n g  o n l y  a t  t h e  e a r l i e s t  t i m e  a f t e r  
t h e  i n j e c t i o n  of  t h e  l a b e l l e d  p r e c u r s o r .  T h i s  d i i f e r e n c e  
c a n n o t  be  e x p l a i n e d  in  r e l a t i o n  to  t h e  a v a i l a b i l i t y  of  3H, 
s i n c e  t h e  r a d i o a c t i v i t y  of  t h e  a c i d - s o l u b l e  p o o l  w a s  h i g h e r  
in  h y p o t h y r o i d  a n i m a l s  t h a n  in  n o r m a l s  ( T a b l e  I I ) .  S ince  
t h e  e n t r y  of  i s o t o p i c  p r e c u r s o r s  i n t o  t h e  b r a i n  is r e l a t i v e l y  
s low,  i t  is t h e r e f o r e  p r o b a b l e  t h a t  t h e  o b s e r v e d  c h a n g e s  a t  
t h e  e a r l i e s t  t i m e  m i g h t  b e  r e f l e c t i n g  a n  a l t e r a t i o n  i n  t h e  
s y n t h e s i s  of  t h e  s o - c a l l e d  ' r a p i d l y  l a b e l l e d  R N A ' .  TATA 
a n d  WlI~NELL 16 h a v e  p r e v i o u s l y  r e p o r t e d  a S imi l a r  f i n d i n g  
in  g r o w i n g - r a t  l i v e r  a f t e r  t h y r o i d e c t o m y .  I t  is  we l l  d o c u -  
m e n t e d  a~ t h a t  in  m a m m a l i a n  b r a i n  cell  nuc le i ,  r a p i d l y  
l a b e l l e d  R N A  c o m p r i s e s  m o s t l y  r R N A  a n d  m R N A  p r e -  
c u r s o r s  a n d  t R N A ;  o u r  r e s u l t s  do  n o t  a l l o w  us ,  a t  p r e s e n t ,  
t o  d e t e r m i n e  if o n e  o r  s e v e r a l  k i n d s  of  R N A s  a r e  a l t e r e d .  
H o w e v e r ,  i t  is c l ea r  t h a t  t h e  s y n t h e s i s  of  a m i n o r  f r a c t i o n  

Table II.'3H content of acid-soluble pool in brain and specific radio- 
activity (SR) of RNA ill snbeelIular fractions 

Time afterinjection (b) 

1 3 24 

a) Acid-soluble pool 
N 35.71:~0.78 62.934.3.79 65.504-4.10 
H 3 9 . 4 0 ~ 0 . 9 9  b 73.514.2.41 a 63.834.1.92 

b) SR 
PN N 8 2 1 3 •  20748q-408 449994-2533 

H 65964.  86 b 210974-190 4 9 0 5 3 ~ 3 6 0 5  
MIT N 4 4 8 •  50 30714- 87 21484=t:1031 

H 3904.  43 22424.109~ 14675•  
MIC N 4574.t- 37 1265::t= 44 1 2 4 7 8 !  824 

H 2564.1- 23 ~ 11104- 41 ~ 14496-4-1097 
S N 1026::t=110 2744:~225 192964.1897 

H 9614.  86 2757:~295 21868:~ 765 

The results are the means ~' S.E.M. of 4-5 individual experiments and 
are expressed: a) in dpm/mg wet wight of tissue and b) in dpm/mg 
RNA. Statistical analysis as in Table I. P values are: ~ 0.05; b 0.02; 
~ 0.005; a 0.001. N, normal controls; H, hypothyroid rats. Abbrevia- 
tions of subeellular fractions as in text. 

of  t o t a l  R N A  ( w h i c h  m a y  be  n e c e s s a r y  to  f u r n i s h  n o r m a l  
p r o t e i n  s y n t h e s i s )  is d i m i n i s h e d .  I n  l o n g  p e r i o d s ,  t h a t  d i f -  
f e r e n c e  c o u l d  be  m a s k e d  b y  t h e  b u l k  of  R N A s .  

C o n s i d e r i n g  t h a t ,  1 h a f t e r  t h e  i n j e c t i o n ,  t h e  d i f f e r e n c e  
b e t w e e n  t h e  S R  in  m i c r o s o m a l  R N A  of  n o r m a l s  a n d  
h y p o t h y r o i d s  is h i g h e r  t h a n  t h a t  of  S R  in  n u c l e a r  R N A  
(44% a n d  2 0 % ,  r e s p e c t i v e l y )  a n d ,  m o r e o v e r  i n  h y p o -  
t h y r o i d s ,  t h e  S R  of  m i c r o s o m a l  R N A  w a s  s t i l l  l owe r  t h a n  
i n  n o r m a l s  a t  3 h,  i t  is p o s s i b l e  t o  a s s u m e  t h a t  t h e  p a s s a g e  
of  n u c l e a r  R N A  to  t h e  c y t o p l a s m  is  a l so  a l t e r e d .  T h e  low-  
e s t  c o n c e n t r a t i o n  of R N A  in  t h e  m i c r o s o m a l  f r a c t i o n  of  
h y p o t h y r o i d s  ( T a b l e  I) s u p p o r t  t h i s  v i ew .  B o t h  c o n c l u -  
s ions ,  l ower  n u c l e a r  s y n t h e s i s  a n d  t r a n s p o r t  of  R N A  w h i c h  
a r o s e  f r o m  t h e  r e s u l t s  p r e s e n t e d  h e r e  a r e  in  g o o d  a g r e e m e n t  
w i t h  t h o s e  o b t a i n e d  b y  us ,  u t i l i z i n g  t h e  i n t r a c e r e b r a l  in -  
j e c t i o n  of  3H-o ro t i c  a c i d  is. 

T h e  d e c r e a s e d  S R  of  m i t o c h o n d r i a l  R N A  o c c u r r i n g  
a f t e r  l o n g e r  l a b e l l i n g  t i m e s  c a n n o t  be  c l e a r l y  i n t e r p r e t e d  
with the present data; it must be noted that our MIT 
fraction is a crude preparation which contains also nerve 
endings and myelin fragments% The possibility that the 
synthesis of autonomous RNA in brain mitochondria 
might be affected by neonatal thyroid deficiency cannot 
b e  r u l e d  ou t .  

Resumen. Se e s t u d i 6  l a  i n c o r p o r a c i 6 n  de  r a d i o a c t i v i d a d  
e n  R N A s  de  f r a c c i o n e s  s u b c e l u l a r e s  de  c e r e b r o  d e  r a t a s  
n o r m a l e s  y n e o n a t a l m e n t e  t i r o p r i v a s  de  10 d i a s  de  e d a d ,  
l u e g o  de  la  a d m i n i s t r a c i 6 n  s u b c u t g n e a  de  g c i d o  o r d t i c o  
tritiado. El hipotiroidismo afecta la slntesis de RNA 
nuclear <,rkpidamente marcado~> y probablemente su 
transporte al citoplasma. 
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