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Effect of adrenergic blocking agents on triglyceride content of 
splenic cells when added alone or with adrenergic catecholamines 

Experiment Drugs Concentration Content of 
number (M) triglycerides (%) 

I 1 Isoproterenol 10 -s 64.4 
2 Propranolol 10 -7 51.1 
3 Isoproterenol 10 -s 21.5 

+ 
Propranolol 10 -~ 

II 1 Epinephrine 10 -9 40.4 
2 Phentolamine 10 -6 12.4 
3 Epinephrine 10 _6 11.3 

+ 
Phentolamine 1 0  -6  

,Adrenergic catecholamines were added 5 rain after the addition of 
the blockers. 

decrease  in t r ig lycer ide  c o n t e n t s  was  p roduced  w i t h i n  1/2 
to 1 h, r e ach ing  t he  m a x i m a l  response  a f t e r  2 to  4 h. On 
6-hour  i ncuba t i on ,  t h e  l ipid levels rose t o w a r d  t he  con t ro l  
levels.  I n  an  a t t e m p t  to  d e t e r m i n e  t h e  mode  of ac t ion  for  
adrenerg ic  agents ,  t h e  effects of t h e  ca t echo l amines  were 
e v a l u a t e d  in  t he  presence  of a- and /3 -ad rene rg i c  b lock ing  
agents .  I n  t h e  Tab le  are  g iven  t he  resu l t s  of 2 e x p e r i m e n t s  
in  wh ich  isoproterenol ,  ep inephr ine ,  p rop rano lo l  a n d  
p h e n t o l a m i n e  were added  as ind ica ted .  Unexpec t ed ly ,  
b o t h  p ropano lo l  a n d  p h e n t o l a m i n e ,  w h e n  added  s ingly  
in t he  splenic  cell suspens ions ,  caused  a d r a m a t i c  lower ing  
of t he  l ipid levels,  and  t he  i sopro te renol -  or  ep inephr ine -  
i nduced  r e d u c t i o n  of t he  l ipid c o n t e n t s  were unaf fec ted  
b y  t he  p resence  of e i t he r  of t h e  adrenerg ic  blockers .  
I n t e r e s t i ng ly ,  f a t t y  acids h a v e  r ecen t l y  been  shown  to be 
i n v o l v e d  in co r t i cos te ro id - induced  l ymphocy to ly s i s  (TUR- 
NELL e t  al. 16) a n d  in t he  r e g u l a t o r y  m e c h a n i s m  for  cell- 
m e d i a t e d  i m m u n i t y  b y  p r o s t a g l a n d i n s  (MERTIN a n d  
H~JGHEsl~). The  p r e sen t  resu l t s  sugges t  a n  i n v o l v e m e n t  
of l ipid m e t a b o l i s m  in physio logica l  f unc t i on ing  of lym-  
phocy t e s  t h r o u g h  adrenerg ic  r ecep to r  sys tem.  

r epo r t ed  b y  FELLER a n d  FINGER 1~ in  r a t  e p i d i d y m a l  f a t  
t issue.  I n  m a r k e d  con t r a s t ,  u n d e r  s imi la r  cond i t ions  none  
of t he  ad rene rg ic  agen t s  ac t ive  u p o n  splenic  cells caused  
a n y  s ign i f i can t  change  in t he  t r ig lycer ide  levels of t he  
l y m p h  node  cells, even  w h e n  i n c u b a t e d  in c o n c e n t r a t i o n s  
as h igh  as 10 -5 M ( t r ig lycer ide  c o n t e n t s :  39.6 ~ 3.6 mg /g  
for con t ro l  cells a n d  39.0 ~ 3.5 mg/g  for  d r u g - t r e a t e d  
cells, p > 0.8) (Figure) .  W h e t h e r  or n o t  th i s  c o n t r a d i c t i o n  
b e t w e e n  t he  two  l y m p h o i d  cell popu l a t i ons  of d i f fe ren t  
sources  mere ly  ref lects  t he  v a s t  complex i t i es  of e a c h  
pooled cell p o p u l a t i o n  n-~5, r em a i ns  unclear .  T he  t i m e  
course of t he  effects  of i sopro te reno l  on  splenic  cells was  
fol lowed for r a n g i n g  up  to  6 h. A l t h o u g h  t he  t ime  course 
cons ide rab ly  va r i ed  w i t h  concen t r a t i ons ,  a m e a s u r a b l e  
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Effect of A C T H  on the Zona Ret i cu lar i s  of the Rat  Adrena l  Cortex:  an U l t r a s t r u c t u r a l  S t e r e o l o g i c  
S tudy  

G. MAZZOCCHI, C. I~OBBA, P. RIGOTTI, A. S. BELLONI, A. M. GAMBINO a n d  G. G. •USSDORFER 1 

Department o/Anatomy, Laboratory o/ Electron Microscopy, University o/Padova, Via A. Gabelli 65, 1-35100 Padova 
(Italy), 16 September 1975. 

Summary. The  effects of A C T H  on t he  r a t  ad r ena l  zona reticularis were i n v e s t i g a t e d  b y  s tereologic  me thods .  I t  was  
found  t h a t  t he  zona reticularis cell respons iveness  to  A C T H  is s imi la r  to  t h a t  of t he  zona/asciculata e lements .  This  ex- 
c ludes  t h a t  t h e  zona reticularis of t he  a d u l t  r a t  c an  on ly  func t i on  as t h e  si te  of de s t ruc t i on  of w o r n - o u t  e l emen t s  mi-  
g r a t i ng  f rom the  ad re na l  ou t e r  zones. 

A l t h o u g h  t h e  u l t r a s t r u c t u r e  of t he  a d r e n a l  cor tex  in 
n o r m a l  and  e x p e r i m e n t a l  cond i t ions  was descr ibed  in 
n u m e r o u s  inves t iga t ions  2, un t i l  r e cen t l y  v e r y  scarce re- 
po r t s  a p p e a r e d  conce rn ing  t h e  cy tophys io logy  of t he  
ad r ena l  zona  re t icu la r i s  a. However ,  t h e  s t u d y  of t he  
zona  re t icu la r i s  is of g rea t  in te res t ,  since a t  p r e s en t  t h e  
role p l ayed  b y  th i s  zone in  t h e  h i s tophys io logy  of t h e  
en t i r e  ad r ena l  g land  is st i l l  t h e  ob jec t  of conf l ic t ing  views, 
wh ich  v a r y  accord ing  to t he  ' zona l  hypo t he s i s '  or  t he  
' m i g r a t i o n  t h e o r y '  2. I t  t he re fo re  seemed w o r t h  inves t i -  
ga t ing ,  b y  s tereologic a n d  e lec t ron  microscopic  me thods ,  
t h e  response  of t he  r a t  ad r ena l  zona  re t icu la r i s  to  a 
chronic  t r e a t m e n t  w i t h  ACTH.  

Materials and methods. 42 y o u n g  male  r a t s  (Wis ta r -  
der ived)  weigh ing  a b o u t  200 g, were d iv ided  in to  7 ex- 
p e r i m e n t a l  groups,  of which  6 rece ived  i .p.  i n j ec t ions  of 

10 I U / k g  of A C T H  (Sigma) for 3, 6, 9, 12, 24 a n d  36 con-  
secu t ive  days,  respect ively .  The  o t h e r  g roup  rece ived  i .p.  
in jec t ions  of n o r m a l  sal ine a n d  se rved  as a control .  The  
an ima l s  were sacrif iced b y  cervical  dis locat ion.  

The  r i gh t  ad rena l  of each  r a t  was f ixed in 10% buf fe red  
formal in ,  e m b e d d e d  in pa ra f f in  a n d  ser ia l ly  cu t  a t  7 ~m. 
Sliced pieces of t h e  lef t  g l and  were f ixed in 3% g lu ta ra l -  
dehyde ,  pos t - f ixed  in 1% OsO 4 a n d  e m b e d d e d  in an  
epoxy  resin.  Th ick  sect ions  were m a d e  w i th  L K B  I I I  
u l t r a m i c r o t o m e s  a n d  obse rved  w i t h  t he  l igh t  microscope 
for o r ien ta t ion .  T h i n  sect ions  were cu t  a t  t h e  level  of t h e  
zona  re t icu la r i s  a n d  obse rved  in a H i t a c h i  H U - 1 2  or  
HS-9  e lec t ron  microscope.  

On the  serial  pa ra f f in  sect ions,  t he  vo lume  of t he  en t i re  
ad r ena l  g land  and  of t he  zona  re t icu la r i s  was  d e t e r m i n e d  
us ing  a m e t h o d  p rev ious ly  de ta i led  4. The  vo lume  of cells, 
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nuclei  and  of the  var ious  subcel lu lar  c o m p a r t m e n t s ,  as 
well  as t h e  surface  of s m o o t h  endop tasmic  r e t i c u t u m  
(SER)  and  m i t o c h o n d r i a l  cristae,  a n d  t he  % of t he  
vo lume  of t h e  zona  re t icu lar i s  occupied b y  sinusoids,  
were e s t i m a t e d  f rom l igh t  and  e lec t ron  mic rog raphs  
us ing  t he  m o r p h o m e t r i e  t e c h n i q u e s  a n d  s amp l ing  proce-  
dures  p rev ious ly  descr ibed  5, 6. The  n u m b e r  of cells con-  
t a i n e d  in t he  zona  re t icu lar i s  was  d e t e r m i n e d  b y  d iv id ing  
t h e  vo lume  of t i le zona  re t icu lar i s  occupied  b y  p a r e n c h y -  
ma l  cells for t he  m e a n  cell volume.  

S t u d e n t ' s  t - tes t  was  used for t he  s t a t i s t i ca l  e v a l u a t i o n  
of results .  All  t he  s t a t i s t i ca l  p rocedures  were pe r fo rmed  
w i t h  an  e lec t ronic  m i c r o c o m p u t e r  (Ol ivet t i  No. P652/  
ROM 01-MLU600),  

Results  and discussion. The  s t r u c t u r e  of i n t a c t  r a t  
zona  re t icu lar i s  was  descr ibed  in de t a i l  r ecen t ly  a a n d  
therefore  i t  will be rev iewed here  on ly  br ie f ly  since our  
d a t a  a l m o s t  comple te ly  agree  w i t h  the  p rev ious  ones. 

The  zona  re t icu lar i s  of t h e  con t ro l  r a t s  cons is ted  of 
sho r t  cords  of i r regular ly  s h a p e d  cells i n t e rming l ed  w i t h  
v e r y  large sinusoids,  a n d  h a d  a w i d t h  r a n g i n g  be tween  
9-15 ~m. Tile cells of t he  zona  re t icu la r i s  d id  n o t  show 
u l t r a s t r u c t u r a l  d i f ferences  in  respec t  to  those  of t h e  zona  
fasciculata ,  w i th  t 'he excep t ion  of t h e i r  smal le r  vo lume  
a n d  pauc i t y  in  l ipid droplets �9 M i t o c h o n d r i a  were r o u n d  
or ovoid  a n d  c o n t a i n e d  t u b u l a r  or t ubu lo -ves i cu l a r  cris- 
t a e ;  S E R  profi les were qu i te  a b u n d a n t  a n d  t h e  Golgi 
a p p a r a t u s  well  developed.  The  e lec t ron  dense  bodies  of 
l i sosomal  n a t u r e  were v e r y  searse. D e g e n e r a t e d  or d e a t h  
cells, descr ibed  p rev ious lyL  were on ly  found  excep t iona l -  
ly. 

Af te r  A C T H  t r e a t m e n t  t he  v o l u m e  of t h e  zona  ret ic-  
u lar is  and  t h e  v o l u m e  of p a r e n c h y m a l  cells were found  
to  be  s ign i f ican t ly  increased,  whereas  t h e  n u m b e r  of 
cells of t h e  zona  re t icu lar i s  d id  no t  v a r y  (Table)�9 This  
ind ica tes  t h a t  t h e  A C T H - i n d u c e d  v o l u m e t r i c  increase  of 
t h e  zona  re t icu la r i s  is due  on ly  to  t h e  cell h y p e r t r o p h y  
a n d  excludes  t h a t  t h e  ACTH-e l ic i t ed  zona  fasc icu la ta  
cell p ro l i fe ra t ion  a m i g h t  s ign i f i can t ly  c o n t r i b u t e  to  t he  
zona  re t icu lar i s  g rowth .  

I n  the  e lec t ron  micrographs ,  no  conspicuous  q u a l i t a t i v e  
changes  were n o t e d  a f te r  A C T H - a d m i n i s t r a t i o n :  t h e  cells 
showed  only  a h y p e r t r o p h i e d  Golgi  a p p a r a t u s .  Quan t i -  
t a t i v e  m o r p h o m e t r i c  d a t a  (Table) i nd i ca t ed  t h a t  t he  
vo lume  of nuclei ,  a n d  of m i t o c h o n d r i M  and  l ip id  com- 
p a r t m e n t s  as well  as t he  surface  of S E R  a n d  m i t o c h o n -  
dr ia l  er is tae  were  s ign i f i can t ly  increased  in r e l a t ion  to 
t h e  d u r a t i o n  of A C T H - t r e a t m e n t .  I t  m u s t  be  s t ressed  
t h a t  these  changes  are comple te ly  ana logous  to  those  
elici ted b y  t h e  h o r m o n e  in t h e  cells of t he  zona  fascicu- 
la ta% and,  accord ing  to  our  p rev ious  c o n t r i b u t i o n s  e,s,9, 
t h e y  can  be  i n t e r p r e t e d  to  r e p r e s e n t  t h e  morpho log ica l  
c o u n t e r p a r t  of t h e  A C T H - i n d u c e d  e n h a n c e m e n t  of t he  
g r o w t h  a n d  s te ro idogenic  capac i t y  of t he  r a t  ad r ena l  
zona  re t icu lar i s  cells. 
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To summarize ,  the  present  invest igat ions  has shown 
t h a t  in the zona ret icularis  of the  young  adul t  ra t  a) the  
images suggesting cell degenerat ion are ex t remely  rare;  
b) the  cells display all the  morphological  features of the  
ac t ive ly  s teroidseeret ing e lements ;  c) the  cell responsive-  
ness to  A C T H  is qui te  s imilar  to t ha t  of the  zona fascicu- 
la ta  elements.  

In  conclusion, these results and the  demons t ra t ion  
t h a t  the  ceils of the  zona ret icularis  are well  endowed 
wi th  ACTH-receptors  ~0, suppor t  the  view t h a t  the  zona 
reticularis,  at  least  in the  adul t  rats, cannot  be mere ly  

considered the  site of dest ruct ion of worn-ou~ etements  
migra t ing  f rom the  outer  zones, bu t  t h a t  this  zone is 
ac t ive ly  involved  in steroid synthesis.  The differences in 
the  morphology  and prol i fera t ive  capac i ty  be tween the  
cells of the  zona fasciculata and zona ret icularis  require,  
however,  fur ther  inves t igat ions  to set t le  ~heir funct ional  
significance. 

~0 M. P. GOLDER and A. R. BOYNS, J. Endocr. 53, 277 (1972). 

S t r u k t u r - W i r k u n g s b e z i e h u n g e n  b e i m  mensch l i chen  Calcitonin.  IIIJ  Die b io log i sche  Aktivit/ it  ver -  
kfirzter oder an den Kettenenden modif iz ierter ,  synthet i scher  Analoger  ~ 

Structure-Act iv i ty  Relat ionship  of H u m a n  Calcitonin.  III. Bio logical  Act iv i ty  of Synthet ic  A n a -  
logues  wi th  Shortened  or T e r m i n a l l y  Modif ied Pept ide  Chains 

W. RITTEL, R. MAIER, M. BRUGGER, B. KAMBER, B. RINIKER und P. SIEBER 

Forschungslaboratorien der Division Pharma der Ciba-Geigy AG., CH-dO02 Basel (Schweiz), 15. September 7975. 

Summary. Assays of 8 synthe t ic  analogues of h u m a n  calci tonin in rats  showed tha t  the i r  hypocalcaemic  ac t iv i ty  was 
dras t ica l ly  reduced by  delet ion of the  C-terminal  amide g roup ,  chain-shor tening or opening of the  disulphide ring, 
bu t  unaffected or enhanced by  modif ica t ion  of the  N- te rmina l  amino group. 

Die bisher aus verschiedenen Ar ten  isolierten Calci- 
tonine  z weisen i iberraschend grosse Unterschiede  in 
ihren Aminos~Luresequenzen ant. Dagegen besitzen alle als 
gemeinsame S t ruk tu rmerkmale  eine Ke t t e  yon 32 Amino-  
s~uren m i t  e inem C-terminalen Prol in-amidrest ,  sowie 
einen Disulf idring zwischen den Halbcys t in res ten  in den 
Posi t ionen 1 und 7. Die Tatsache,  dass Amino-  und Carbo- 
xylene  unver~Lndert erhal ten  werden, t ro tz  einer hohen 
Aus tauschra te  der  i ibrigen Aminos~uren,  deu te t  darauf  
bin, dass die Ke t t enenden  zur  E rha l tung  der biologischen 
Ak t iv i t~ t  no twendig  sind. N i t  dieser Annahme  s t immen  
unsere fri iher a bei Abwand lung  von  Schweinecalci tonin 
(PCT)-pept iden gemachten  Beobach tungen  tiberein. W i t  
hubert zeigen kSnnen, dass bereits  geringftigige ,~nderun- 
gen am Carboxylende  yon PCT die biologische A k t i v i t i t  
s tark  erniedrigen.  

Eine  entsprechende  Unte r suchung  wurde  j e t z t  auch 
auf menschliches Calci tonin (ItCT, Calci tonin M a) aus- 
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Fig. 1. Dosis-Wirkungsbeziehung der hypocalcaemischen Aktivit~t 
gemessen 50 Min nach i.v. Applikation der Peptide. Jeder Punkt 
reprasentiert das Mittel aus 15 Messwerten (-4- Standardfehler). 

gedehnt .  Dazu dienten die in der Tabel le  angegebenen 
synthe t i schen Analogen, die en tweder  eine verki i rz te  
Pep t idke t t e  oder  Abwandlung  an den Ke t t enenden  anf- 
weisen. 

Diese Substanzreihe umfass t  als C-terminaI  ve rgnder te  
Pept ide  die freie C-terminale  Sgure t tCT-(1-32)-OH, den 
entsprechenden Methyles ter  HCT-(1-32)-OMe und die um 
eine beziehungsweise drei Aminosguren  verki i rz ten  
Sequenzen HCT-(1-31)-NH 2 und EPro=9]-HCT-(1-29)- 
NH~. In  le tz te rem Analogen ist  der nat i i r l icherweise in 
Stel lung 29 vo rkommende  Valin- durch einen Prol inres t  
ersetzt .  Dadurch  sollte abgeklgr t  werden, ob Ak t iv i t g t  
erhal ten bleibt,  falls bei verkt i rz ter  Ke t t e  eine C-termi-  
nale Pro l inamidfunkt ion  vo rhanden  ist, wie beim I-ICT 
selbst. [Serf, Des-Oly~0]-HCT ist um eine A m i n o s i u r e  
(Gly 1~ im Ke t t en inne rn  verktirzt ,  en thgl t  also die Calci- 
ton in-Sequenzen  1-9 und 11-32 mi te inander  verknfipft .  
Zudem enthS, i t  dieses Analoge noch einen Ser in-Res t  in 
Stel lung 2, wie er bei den andern  S/iuger-Calcitoninen 
auf t r i t t .  Als N- te rmina l  abgewandel te  Sequenzen wurden  
[Bmpl]-HCT,  [Ne-Acetyl-Cys~]-HCT sowie die offen- 
ket t ige  Sequenz [NfVlet~, 7]_HCT in der  die beiden Cystein-  
reste in Ste l lung 1 und 7 methy l i e r t  sind, dargestell t .  

1 II. vgI. R. MAIER, B. KAMBER, B. RINIKER and W. RITTEL, 
Hormon. Metab. Res. 7, 511 (1975). 
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