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Organ Culture of the Rat Thyroid Gland 

Fol lowing  t he  f i rs t  successful s t u d y  of t h e  u l t ra -  
s t r u c t u r e  of o rgan  cu l tu red  t h y r o i d  g lands  b y  P~TROVlC 
a n d  PORT~ ~, 2, o r g a n  cu l tu re  was also used l igh t  micro-  
scope r a d i o a u t o g r a p h y  of t h e  t h y r o i d  S. I t  was decided to 
r e p e a t  these  e x p e r i m e n t s  us ing  t h e  i m p r o v e d  t echn iques  
for o rgan  cu l tu re  descr ibed  b y  BAKER and  NEAL 4,~. I f  
t h i s  were successful i t  would  p rov ide  a su i t ab le  model  for 
t h e  s t u d y  of p ro t e in  syn thes i s  and  secre tory  m e c h a n i s m s  
us ing  t he  t e c h n i q u e  of u l t r a s t r u c t u r a l  r a d i o a u t o g r a p h y  ~. 

Materials and methods. T h y r o i d  g lands  were d issec ted  
asep t i ca l ly  f rom adu l t  r a t s  of t h e  B i r m i n g h a m  s t ra in .  
T h e y  were cu t  in to  smal l  pieces (ca. 1-2  m m  a) in p repa ra -  
t i on  for o rgan  cul ture4,  5. The  explan ts ,  s u p p o r t e d  on  
s ta in less  s teel  grids covered  w i t h  lens t issue,  were ma in -  
t a i n e d  in p las t i c  pe t r i  d ishes  c o n t a i n i n g  Eagle ' s  m i n i m a l  
essent iM m e d i u m  s u p p l e m e n t e d  w i t h  calf s e rum (20% 
v/v) ,  g l u t a m i n e  a n d  an t ib io t ics .  No a t t e m p t  was  m a d e  to  
add  essent ia l  precursors  of p ro t e in  a n d  h o r m o n e  synthes is ,  
and  t h e  s e rum c o n t a i n e d  6 I U  T S H / m l  ( r ad io immuno-  
assay carr ied ou t  b y  Dr. L. WEIDE, U n i v e r s i t y  of Uppsa la ,  
Sweden).  R a c k s  con ta in ing  4 pe t r i  d ishes  were p laced  in 
modi f i ed  'K i lne r '  p re se rv ing  ja rs  4,5 a n d  were gassed 
w i t h  5% CO~ in a i r  a t  a pressure  of 0.703 k g / c m  3. The  
h i g h  gas pressure  was m a i n t a i n e d  in  t he  Ki lne r  j a r  for 
t h e  d u r a t i o n  of cu l tu re  since t h i s  was  found  to  v i r t u a l l y  
e l imina te  necro t ic  changes  w h i c h  o therwise  cha rac te r i ze  
e x p l a n t e d  t issue.  The  f r a g m e n t s  of t h y r o i d  g land  were 
cu l tu red  a t  37~ for 4 to  8 days,  a f te r  w h i c h  t h e y  were 

f ixed in buf fe red  1% o s m i u m  t e t r o x i d e  pr ior  to  e m b e d d i n g  
in Ara ld i te .  T h i n  sect ions  cu t  on  a P o r t e r  B l u m  u l t r a -  
m i c r o t o m e  were e x a m i n e d  w i t h  a S iemens  E l m i s k o p  1A 
e lec t ron  microscope.  

Results. The his to logica l  a p p e a r a n c e  of t h e  o rgan  
cu l tu red  t h y r o i d  g land  (Figure 1) is essent ia l ly  s imi la r  to  
t h a t  descr ibed  b y  NADLX~ et  al. 6 for  t i ssue  f ixed immedi -  
a te ly  a f te r  r e m o v a l  f rom t h e  an imal .  However ,  t h e  cells 
a p p e a r  ac t ive  a n d  t h e i r  mic rov i l l i  are increased  in size 
a n d  n u m b e r  (Figures 2 a n d  3). There  is also an  increase  
in  t h e  a m o u n t  of col lagen in t h e  per i fo l l icu lar  space 
(Figure 4). The  a m o u n t  of colloid w i t h i n  t h e  follicles 
decreases  in  o rgan  cu l tu re  an d  i t  con t a in s  some cel lular  
debr i s  (Figure  1). 

T h e  fol l icular  cells c o n t a i n  la rger  m i t o c h o n d r i a  and,  
whi le  precise  c o u n t s  were n o t  made,  t h e  m i t o c h o n d r i a  
a p p e a r  to  be  increased  in  n u m b e r  (Figure  3). T h e  Golgi  
zone is also en la rged  a n d  con ta ins  n u m e r o u s  smal l  
vesicles (Figures 4 a n d  5). Colloid d rop le t s  w i t h i n  t h e  
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Fig. 1. Ultramicrograph from a piece of thyroid cultured for 4 days. 
Note the activity of the follicular ceils and the debris in the colloid 
space. G, Golgi zone; 1, lysosome; c, colloid droplets; m, mitochondria. 
x 10,000. 

Fig. 2. Ultramicrograph from a piece of thyroid cultured for 4 days. 
4 follicular cells are shown surrounding a small colloid space filled 
with mierovilli (mic) which appear increased in size. G, Golgi zone; 
my, multivesicular body; 1, lysosomes; m, mitochondria, x 20,000. 
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Fig. 3. Ul t ramic rograph  from a piece of thyro id  cul tured  for 4 days.  
Fol l icular  cells are seen sur rounding  a colloid space filled wi th  micro- 
vi l l i  (mic) which appear  increased ill  size. In te rce l lu la r  channels  (ic) 
and  numerous  mi tochondr ia  (m) are present .  • 20,000. 

Fig. 4. Ul t ramicrograph  from a piece of thyro id  cul tured  for 8 days,  
Fol l icular  cells can be seen conta in ing  an enlarged Golgi zone (G), a 
colloid drople t  (c) and  several  lysosomes (1). Numerous  apical  vesicles 
are present  (av). Collagen fibres are present  in the per ivascular  space 
(pv). x 20;000. 

Fig. 5. Ul t ramic rograph  from a piece of thyro id  cul tured  for 8 days.  
Numerous  colloid droplets  (e) are present .  G, Golgi zone; m, mito-  
chondr ia ;  d, desmosomes.  • 20,000. 
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cells are more  a b u n d a n t  (Figure 5) which  m a y  ind ica te  
r e so rp t ion  of colloid f rom t he  follicles (Figure 2). Zymogen-  
l ike granules  and  lysosomes are ev iden t ,  fea tures  wh ich  
would also ind ica te  t he  r e so rp t ion  of colloid (Figures 3 
a n d  4). No ' l igh t '  cells 7 (also cal led parafo l l i cu la r  ceils) 
were seen. In t e rce l lu l a r  channels ,  apica l  vesicles and  
desmosomes  were also n o t e d  (Figures 3 and  5). 

Discussion. E m b r y o n i c  t h y r o i d  g lands  h a v e  been  
cu l tu red  for 4 days  and  t he  m e t h o d  used to s t u d y  t he  
effect  of iodine m e t a b o l i s m  s . The  resul t s  of the  p re sen t  
s t u d y  clear ly d e m o n s t r a t e  t h a t  t he  u l t r a s t r u c t u r e  of 
t he  r a t  t h y r o i d  g land  can  be  m a i n t a i n e d  in an  essent ia l ly  
n o r m a l  cond i t ion  for a t  leas t  8 days  in o rgan  cnl ture .  
Some of t he  his tological  changes  which  occur  a p p e a r  to  
be the  d i rec t  resu l t  of 1. cessa t ion of s y n t h e t i c  a c t i v i t y  
b y  t he  follicle cells, a n d  2. r e so rp t ion  of colloid f rom the  
follicles. These  changes  would  be  expec ted  since t he  level  
of T S H  in t he  s u p p o r t  m e d i u m  (6 IU /ml )  m i g h t  be 
insuf f ic ien t  to  m a i n t a i n  t he  s y n t h e t i c  a c t i v i t y  of the  
gland,  a n d  essent ia l  p recursors  (leucine, mannose ,  
galactose,  etc. a) were no t  added.  However ,  t he  presence  
of apica l  vesicles in F igure  4 would  be evidence  of secre t ion 
in to  t he  colloid 6. Smal l  q u a n t i t i e s  of amino  acids are 
inc luded  in t he  fo rmula  of Eag le ' s  m ed i um ,  and  i t  is 
possible  t h a t  the  calf se rum used as a s u p p l e m e n t  to  t he  
m e d i u m  m a y  con t a in  some i m p o r t a n t  factors.  

The  p resen t  resul t s  conf i rm a n d  e x t e n d  those  of 
P1~TROVIC a n d  PORTEa, 2. I t  is conce ivab le  t h a t  the  h igh  
gas pressures  t h a t  we used d u r i n g  cu l tu re  increased t he  

pa r t i a l  pressure  of d issolved oxygen.  W-e were t h u s  able  
to  avo id  ti le use of h igh  c o n c e n t r a t i o n s  of oxygen  in t he  
gas phase  (e.g. 95% 0.2, WHUR a n d  MERSCOVlCS a) s ince 
these  levels m a y  be toxic  to  some cells. 

Our  resu l t s  t h u s  Clearly show t h a t  t he  t e c h n i q u e  of 
o rgan  cu l ture  of the  t h y r o i d  g land  is e m i n e n t l y  su i tab le  
for s tudies  of b i o s y n t h e t i c  p a t h w a y s  w i t h i n  t he  g land  b y  
means  of u l t r a s t r u c t u r a i  r a d i o a u t o g r a p h y .  

Zusammen/assung. Die U l t r a s t r u k t u r  der  R a t t e n -  
schi lddri ise  wi rd  bis  zu 8 Tagen  in O r g a n k u l t u r e n  e rha l ten ,  
was ftir r ad ioau tog ra f i s che  S tud i en  der  U l t r a s t r u k t u r  
vo r t e i l ha f t  ist. 
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Ecdysone:  An Antagonis t  of Juvenile  H o r m o n e  in the Control of Cuticle Synthes is  
in the German Cockroach (Blattella germanica) 

In  add i t i on  to t he i r  welI k n o w n  morphogene t i c  effects, 
juven i le  h o r m o n e  (JH)  a n d  i ts  ana logues  ( JHA)  possess 
t he  capac i ty  to  i n h i b i t  ecdysis.  Th i s  effect  causes d e a t h  
d u r i n g  t he  l a rva l  m o u l t  of all  b u t  t he  las t  l a rva l  i n s t a r  
of t h e  G e r m a n  cockroach  1. The  l eng th  of t he  las t  l a rva l  
i n s t a r  can  be  p ro longed  idef in i te ly  b y  c o n t i n u o u s  appli-  
ca t ion  Of h i g h  dosages of J H  (me thy l  10,11-epoxy-7-  
ethyl-3,  l l - d i m e t h y l - 2 ,  6 - t r idecad ienoa te ;  cis/trans mix-  
ture)  or J H A  (6, 7 -epoxy- l - (p -e thyIphenoxy) -3 ,  7 -d ime thy l  
2-octene;  cis/trans mixture2)  3. The  syn thes i s  of t he  new 
cut icle  in  these  p e r m a n e n t  l a rvae  can  be induced  b y  
in jec t ion  of ecdysone  3. Th i s  is t he  f i rs t  r e p o r t  of an t a -  
gon i sm be tween  J H  a n d  ecdysone  in v ivo  4. 

10 f reshly  h a t c h e d  las t  s tage l a rvae  of Blattella germa- 
nica were confined in 200 cm a p las t ic  cups  w i t h  two 10 cm ~ 
p a p e r  discs each folded to form a tunne l .  The  J H  ac t ive  
s u b s t a n c e  was app l ied  in a n  ace tone  so lu t ion  e i the r  to  

i W. HANGARTNSR and P. MASNER, Experientia, in press (1973). 
.z Stauffer compound No. R-20458. 
s All compounds were kindly provided by F. Hoffmann-La Roche, 

Ltd. Basel. 
4 Results presented to members of the A.R.C. Unit of Invertebrate 

Chemistry and Physiology at Brighton (Prof. A. W. JOHNSON, Di- 
rector) and Cambridge (Dr. J. E. TREH~RSE, Deputy Director) on 
Yfarch 19 and 20, 1973. 

Table I. Effect of JH and JHA on freshly emerged last stage larvae. The penultimate column contains the mean length of the last larval 
instar of insects which hatched (20 animals were tested in each experiment) 

Treatment NO. No. of insects hatching to the next stage Length No. of 
of dead of the last permanent 

Substance Application Dosage Frequency last stage Perfect Deformed Extralarvae Dead in old stage larvae 
(day) larvae adults adults cuticle (days) 

Acetone 
control Topical 1 ~xI 2, 4, 6, 8, 20 16 

10, 12, 14 
JH Topical 10btg 2, 4, 6, 8, 2 1 17 21 

10, 12, 14 
JH Topical 100 bag 2, 4, 6, 8, 1 7 27 

10, 12, 14 
JHA Topical 10 bag 2, 4, 6, 8, > 31 

10, 12, 14 
JHA Topical 100 ~g 5, 10 2 9 9 31 
JHA paper 100~g/em.2 permanent > 31 
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20 
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