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Growth Hormone Immunological  and Biological 
Experimental  Conditions 1 

T h e s t u d i e s  on g rowth  ho rmone  (GH) regula t ion in t he  
ra t  have  been cons iderably  h indered  in t he  last  years  by  a 
surpr is ing d isc repancy  of resul ts  ob ta ined  by  using radio- 
i m m u n o a s s a y  (RIA) or b ioassay  (BA) methods .  The 
i m p o r t a n t  observa t ion  t h a t  insul in- induced hypogly-  
cemia, e-2-deoxyglucose admin i s t r a t i on  or exposure  to  
stressful  s t imul i  cause an increase in p lasma  GH in man,  
f irst  made  by  ROTH et a12, a, has  been  conf i rmed using the  
bioassay m e t h o d  in rat;  in which  these  st imuli  have  been 
shown to  resul t  in an  acute  decrease of p i t u i t a r y  G ~  
concent ra t ion ,  indica t ive  of a reiease of t he  ho rmone  4, s. 
However ,  de te rmina t ions  of p la sma  GH levels by  radio- 
i m m u n o a s s a y  in the  r a t  gave unexpec ted  results,  since 
the  a fo rement ioned  s t imul i  evoked e i ther  no response ,  or 
a response  opposi te  to  t h a t  found in p r ima te s  s-s. Whi le  
in t he  ra t  m a n y  nega t ive  resul ts  have  been  repor ted  on 
the  de t e rmina t ions  of GH in p lasma  by  RIA,  only few 
repor t s  are avai lable  a t  p resen t  on GH levels in t he  
p i tu i t a ry  and,  to  our knowledge,  in only one work  
p i t u i t a ry  GH m e a s u r e m e n t s  have  been pe r fo rmed  using 
bo th  types  of assay on the  same p i tu i t a ry  e x t r a c t s L  In  
t h a t  ins tance  surpris ingly i t  was found t h a t  insulin 
hypog lycemia  or cold exposure  failed to  al ter  s ignif icant ly  
p i tu i t a ry  G H  de te rmined  b o t h  biologically and  i m m u n o -  
logicaIly. In  t he  p resen t  research we have  de t e rmined  
GFI levels b o t h  by  R I A  and  by  BA in the  p i t u i t a ry  of 
animals  sub jec ted  to insulin hypoglycemia ,  cold exposure  
of  s ta rva t ion ,  all expe r imen ta l  condi t ions  able to  induce 
release of G H  f rom the  p i tu i t a ry  in p r ima te s  ~, a, 9. 

Material and methods. Sprague-Dawley  male  ra ts  
weighing 150-180 g were used. All animals  were fas ted  
overn igh t  before t he  expe r imen t  s . The  following day  t h e y  
were exposed  to  t he  exper imen ta l  condi t ions  descr ibed 
in t he  Table  (for detai ls  on the  exper imen ta l  procedure  see 
Table). 

Animals  were killed by  decap i ta t ion  at  d i f ferent  t ime  
intervals .  The c ran ium was  t h e n  immed ia t e ly  opened and  
the  pos ter ior  p i t u i t a ry  dissected free and  discarded.  The 
anter ior  p i t u i t a ry  was removed ,  weighed  and  homo-  
g e n i z e d  in 0.9% saline w i th  a 2000 r p m  mechanica l  
homogenizer  wi th  the  vessel  p laced in ice. 

For  t he  de t e rmina t i on  of GH by  RIA,  samples  0f 
p i t u i t a ry  homogena t e s  cor responding  to 10 bd of t he  un- 
d i lu ted  ex t r ac t  of each p i t u i t a ry  were used. Samples  were 
d i lu ted  1:10,000 in phospha t e  buffer  0.013//, p i t  7.6 and  
s tored a t  - - 20~  unt i l  assayed.  The same p i t u i t a ry  
extracts ,  r emain ing  af ter  hav ing  t aken  the  a l iquots  
necessary  for IRIA, were used for the  biological  deter-  
mina t ion  of GH. These ex t rac t s  were pooled by  groups 
and  kep t  frozen unt i l  the  t ime  of assay.  

Radioimmunoassay. The m e t h o d s  descr ibed by  SCttALCI~ 
and  REICItLIN 8 with minor  modi f ica t ions  was  used. R a t  
g rowth  ho rmone  was used for i m m u n o a s s a y  s t anda rds  
and p repa ra t ion  of an t ibody .  An t ibody  to  ra t  GI t  Was 
induced  in guinea-pigs and monkeys .  R a t  g rowth  hor-  
mone  was iod ina ted  wi th  I *=5 using the  iodinat ion  m e t h o d  
Of GREENWOOD, HUNTER and  GLOVER 1~ 

R a t  GH ~25 before using was purif ied by  gel f i l t ra t ion on 
Sephadex  G 150 to  r emove  the  immunologicMly- inac t ive  
componen t s  1~. Separa t ion  of bound  f rom free ho rmone  
was ob ta ined  by  prec ip i ta t ion  of an t i body  bound  hornlone  
wi th  r abb i t  an t i  guinea-pig g a m m a  globulins. 

Bioassay. GH ac t iv i ty  of the  samples  was measured  by  
the  ' t ib ia  t e s t '  m e t h o d  of GREENSPAN et  al. 1~. P i t u i t a ry  
ex t rac t s  equ iva len t  to 0.5 mg  of p i t u i t a ry  per  assay ra t  
were  admin i s t e red  each day  for 4 days  to  hypophysec t0 -  
mized assay animals.  On the  f i f th  day,  t he  w i d t h  of t he  

Assays in Pituitary of Rat Under Different 

epipyhseal  cart i lage was measured.  Since GH s t anda rd  
was used in only  one exper iment ,  mos t  of the  resul ts  are 
expressed di rec t ly  in t e rms  ot t he  w i d t h  of the  epiphyseal  
carti lage. W h e n  GI t  s t an d a rd  was used (exper iment  3, 
see Table), the  GH potencies  of p i t u i t a r y  t issue were 

Simultaneous immunological and biological assays of pituitary GH 
in rat under different experimental conditions 

Expert- Treatment 
ment 

Pituitary growth hormone Blood 
RIA-GH b BA-GH * glucose 
btgGH/mgAP (expressed as (mg/ 

epiphyseal 100 ml) 
width ha) 
mean • S.E. 

Saline 46.32 ~ 6.14 257 -4- 2.8 69 :t= 2.4 
Insulin 64.59 • 14.6 202 ~: 9.5 a 42 ~: 9.9 ~ 
(0.2 U/100 g 
body wt.) 

Saline 22.00 • 4.2 267 -4- 4.6 74 4- 5.6 
Insulin 34.57 • 5.2 213 q- 4.8 d 40 :k 4.2 ~ 
(0.2 U/lOO g 
body wt.) 
Cold exposure 31.91 -t- 3.1 213 ~ 5.2 a 82 d= 6.6 
(4 ~ h) 
Fasting (60 h) 22.80 j_ 1.4 224 4- 13.9a 52 -4- 4.3 ~ 

Saline 25.81 -4- 4.4 234 -k 6.0 48 • 1.4 
(70.0) 

Insulin 38.82 ~= 5.2 194 4- 5.0 a 25 ~ 2.2 d 
(0.3 U/100 g (14.2) f 
body wt.) 
Cold exposure 48.52 ~u 1.7 a 180 -b 8.7 a 51 • 1.2 
(4 ~ h) (4.1) * 
Fasting (60 h) 37.24 -4- 6.2 211 :t: 4.6 ~ 26_]= 2.3 d 

(37.5) ~ 

Animals were injected i.p. with saline or insulin or exposed to a 
cold environment and frilled I h later. Fasted animals were killed 
at the completion of the 60th hour. b Standard rat GH (Ellis, 1968) 
with potency of 2.7 U. S. P. nnits/mg. RIA - radioimmunoassayable. 
~<0.01 vs. saline, ap<0.001 vs. saline. , BA = bioassayable. 
6-8 hypophyseetomized assay animals per group, r Estimates of 
GH content (big GH/mg AP) according to a bracketed 3-point assay. 
Ovine GH (NIH-GH-S8) was used. 
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ca lcu la ted  b y  c o m p a r i n g  t i b i a  w i d t h  responses  to  1 dose 
of p i t u i t a r y  h o m o g e n a t e s  w i t h  t h e  responses  to  2 doses of 
G H  s t a n d a r d  (b racke ted  3-point  assay).  S igni f icance  of 
d i f ferences  in  ep iphysea l  ca r t i l age  w i d t h  was d e t e r m i n e d  
b y  S t u d e n t ' s  t tes t .  A sample  of v e n o u s  b lood  was wi th -  
d r a w n  f rom e x p e r i m e n t a l  r a t s  a t  tl'ae t i m e  of sacrifice for 
b lood  glucose d e t e r m i n a t i o n  (Glucosta t ,  W o r t h i n g t o n ,  
13iochemicals). 

Results and discussion. F r o m  t h e  resu l t s  r e p o r t e d  in t h e  
Tab le  i t  appea r s  t h a t  of t h e  3 e x p e r i m e n t a l  cond i t ions  
inves t iga ted ,  i.e.' i n su l in - induced  hypog lycemia ,  exposure  
to  a cold e n v i r o n m e n t  or f a s t ing  for  60 h, no  one was ab le  
to  induce  s ign i f i can t  changes  in p i t u i t a r y  G H  as meas-  
u red  b y  IRIA, w i t h  t he  excep t ion  of cold exposure,  wh ich  
in  e x p e r i m e n t  2 i nduced  a c l ea rcu t  increase  of p i t u i t a r y  
G H  levels. I n  c o n t r a s t  w i t h  these  n e g a t i v e  resu l t s  is t h e  
d r a m a t i c  decrease  in r a t  p i t u i t a r y  G H  c o n c e n t r a t i o n  
obse rved  in t h e  a f o r e m e n t i o n e d  s i t ua t i ons  w h e n  p i t u i t a r y  
G H  levels were d e t e r m i n e d  b y  B A  in  t h e  same  p i t u i t a r y  
ex t rac t s .  I t  would  appear ,  in  a g r e e m e n t  w i t h  our  p rev ious  
resu l t s  5, t h a t  t he  more  ef fec t ive  s t imulus  in  re leas ing 
p i t u i t a r y  GH, as j u d g e d  b y  b ioassay ,  is cold exposure  
( expe r imen t  3 f rom 70.0 ~g /mg to  4.1 vg/mg),  b u t  also 
insu l in  h y p o g l y c e m i a  a n d  severe  f a s t ing  were h igh ly  
ac t ive  as s t imul i .  

The  a l m o s t  all nega t i ve  resu l t s  o b t a i n e d  t i l l  now  in t he  
r a t  b y  m e a s u r i n g  p l a s m a  a n d  p i t u i t a r y  G H  levels b y  
RIA ,  ref lect  t he  i n a b i l i t y  to  m o d i f y  in w h i c h e v e r  d i rec t ion  
p l a s m a  or p i t u i t a r y  G H  levels a n d  raise  aga in  t h e  p rob-  
l em of t h e  a d e q u a c y  of t h i s  assay  in t he  n o n - p r i m a t e  
species. E v e n  if t h e  B A  c e r t a i n l y  suffers f rom lack of 
specif ic i ty  14, neve r the l e s s  resu l t s  o b t a i n e d  in t h e  r a t  b y  
B A  are  Compat ib le  w i t h  t h e  f ind ings  o b t a i n a b l e  in  pr i -  
m a t e s  b y  RIA .  I n  a d d i t i o n  n u m e r o u s  ind ica t ions  r eached  
b y  B A  in r a t  o f ten  se rved  to  f u r t h e r  progress  in  t h e  
c la r i f ica t ion  of some aspec ts  of t he  CNS i n v o l v e m e n t  in  
t he  con t ro l  of G H  secre t ion  in p r i m a t e s  15,1G 

The  poss ib i l i ty  t h a t  w h a t  is c u r r e n t l y  m e a s u r e d  as G H  
b y  R I A  in p l a s m a  or p i t u i t a r y  of t h e  m a n i p u l a t e d  r a t  
m a y  n o t  be  iden t ica l  to  t h e  molecule  respons ib le  for t h e  
m e t a b o l i c  a n d  g r o w t h  effect  of t h e  h o r m o n e  s , is no t  
comple t e ly  d ivorced  f rom t he  p r e s e n t - d a y  rea l i ty  17. 

Ef for t s  a imed  to  s t u d y  f u r t h e r  t he  specif ic i ty  of t h e  
an t i s e ra  c u r r e n t l y  used, as well as t he  possible  presence  
in t he  p i t u i t a r y  e x t r a c t s  or in  p l a s m a  of subs t ance ( s  ) 
aspecif ical ly  in t e r f e r r ing  w i th  t h e  a n t i g e n - a n t i b o d y  
b ind ing ,  are u r g e n t l y  needed.  On th i s  l ine of i n v e s t i g a t i o n  
work  is u n d e r  way  also in our  l abora to r i e s  is. 

Zusammen]assung. Zur  B e s t i m m u n g  des Geha l t s  a n  
W a c h s t u m s h o r m o n  in der  H y p o p h y s e  w u r d e n  die radio= 
immuno log i sche  und  die biologische Me thode  ve rwende t .  
Die R e s u l t a t e . d e r  i m m u n o l o g i s c h e n  B e s t i m m u n g  v 0 n  
W a c h s t u m s h o r m o n  n a c h  Insu l ins t ress ,  K~l te  oder  H u n -  
ger  w a r e n  nega t iv ,  w~ihrend im bio logischen  Ve r such  eine 
deu t l i che  A b n a h m e  des Geha l t s  a n  W a c h s t u m s h o r m o n  
in der  H y p o p h y s e  Ies tzus te l len  war .  
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Iodine Accumulation by the Nephridia of Sipunculus (Sipuncula) 

Prev ious  s tud ies  r e l a t ed  to t h e  n e p h r i d i a  of S ipuncu la  
h a v e  b e e n  concerned  m o s t l y  w i t h  h is to logica l  detai l ,  
especial ly  those  of HARMS 1 a n d  KELLEY 2; r ecen t  i n fo rma-  
t i on  on  phys io logica l  a n d  b iochemica l  aspec ts  of osmo- 
regu la t ion ,  n e p h r i d i a l  c o n t e n t s  or f unc t i on  of n e p h r i d i a  
in  o s m o r e g u l a t i o n  can  be  found  in  t he  pape r s  b y  KOLLER S, 
GROSS 4, EDMONDS 5, KAMEMOTO and  LARSON 6 a n d  
VIRKAR 7. TOWLE and  GIESE s, whi le  s t u d y i n g  b i o c h e m i c a l  
changes  d u r i n g  r e p r o d u c t i o n  and  s t a r va t i on ,  d e t e r m i n e d  
t he  w a t e r  c o n t e n t  and  p r o t e i n  level  of t he  n e p h r i d i a  of 
Phaseo losoma .  

The  p r e s e n t  r e p o r t  p re sen t s  d a t a  on  t h e  iodine  c o n t e n t  
in  t h e  n e p h r i d i a  of 2 species of S ipunculus ,  n a m e l y  
S. mulHsutcatus FISCHER 19139 a n d  S. natans FISCHER 
19541% All spec imens  were col lected a t  S~o Sebast i~o,  
on  t h e  l i t t o r a l  of t h e  S t a t e  of S~o Paulo ,  d u r i n g  t h e  
m o n t h s  of S e p t e m b e r  and  Oc tober  1968; no  ev idence  was 
found  of deve lop ing  gonads ,  t he  an i m a l s  the re fo re  be ing  
cons idered  i m m a t u r e .  

Spec imens  of S. multisulcatus r a n g e d  in we igh t  f rom 
23-43 g, t h e  size v a r y i n g  f rom 15-18 em in length .  I n  

S. natans t h e  we igh t  va r i ed  f rom 80-120 g, t h e  l e n g t h  
be ing  20-25 cm;  in b o t h  species t h e  sac-l ike n e p h r i d i a  
m a y  a t t a i n  3-4  cm in length .  The  m e t h o d  used for  t he  
d e t e r m i n a t i o n  of iodine ha s  a l r eady  been  r epo r t ed  11. 
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