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wurden  paral le l  zu den x- bzw. y-Achsen  der  Fasc icula ta-  
siiulen gelegt.  Zur e indeut igen  E n t d e c k u n g  der Mito-  
chondr ien  durch  das Q u a n t i m e t  720 wurden  diese schwarz  
mark ie r t  und zwischen benachbar te  Mitochondr ien  weisse 
Grenzl inien gezogen (Figur  1). 

Als S t ichproben  wurden  44 Bi ldausschni t te  m/~nn- 
l icher  und 45 Bi ldausschni t te  weibl icher  Tiere  ausgez~thlt. 
Es  wurden  9 GrSssenklassen gew/ihlt ,  deren Bre i te  4 R P  
betrug.  10 R P  s te l l ten den un te ren  Grenzwer t  dar. Par -  
t ike l  m i t  e inem kleineren Durchmesser  wurden  aus- 
geschlossen. I t i P  = 0,0353 ~tm. Aus den an den Grenzen  
anfa l lenden Einze lwer ten  wurden  die Mi t te lwer te  xn bzw. 
Yn und die zugeh6rigen S tanda rdabwe ichungen  sn errech- 
ne t  und fiber die Klassengrenzwer te  aufget ragen.  Die  
Sicherheit ,  S '  wurde  m i t  dem Student - t -Tes t  gepriift .  

Ergebnisse. Insgesamt  wurden  4593 Mitochondr ien-  
anschn i t t e  erfasst.  Die  Mitochondr ien  s ind el l ipsoid defor- 
miert .  Bei  Miinnchen fiberwiegen die Mi tochondr ien  
kleiner  als 0,78 ~tm (22 RP) ,  bei  Weibchen  hingegen die 
Par t ike l  gr6sser als 0,78 tzm (Figuren 2 und 3). p = 0,0005 
ffir die x-Achse;  p = 0,01-0,0005 fiir die y-Achse.  50% 
aller  gemessenen m~nnl ichen Mitochondr ien  besi tzen eine 
EinzelflAche < 0,434 ~tm z, w/ihrend 50% der  weibl ichen 
eine Einzelf l / iche <: 0,577 vtm 2 aufweisen. 

Besprechung. Quan t i t a t i ve  B e s t i m m u n g e n  der  Gr6ssen- 
verhi i l tnisse der  Mi tochondr ien  in der  iiusseren Zona 
fasc icula ta  de r  Ra t t ennebenn ie r e  zeigen eine s ta t i s t i sch  
gesicherte  Geschlechtsdif ferenz und best/£tigen den visuel-  

len E indruck .  Wei te rh in  zeigt  das Zahlenmater ia l ,  dass 
die Mi tochondr ien  ell ipsoid deformier t  und  der  Achse 
der  Fasciculatas i tulen entsprechend ausger ich te t  sind. 
Da  die Mi tochondr ien  in enger  Beziehung zur  Steroid-  
synthese  s tehen (MAREK et  al.*), t r i igt  ihr  geschlechts-  
differentes  Verhal ten  dazu bei, den Geschlechtsdimor-  
ph ismus  funkt ionel l  zu interpret ieren.  

Summary. Diamete r s  of mi tochondr ia  of the  ex te rna l  
zona fasc icula ta  of the  adrenal  cor tex  of 4 female  and 
4 male  Sprague-Dawley- ra t s  are  de te rmined  w i t h  t h e  
image analyz ing  c o m p u t e r  Q u a n t i m e t  720, On the  average  
females have  s igni f icant ly  larger  mi tochondr ia .  The  mi to-  
chondr ia  show an  ell ipsoid deformat ion ,  the  long axes  
are or ien ta ted  para l le l  to the  co lumns  of the  zona fasci- 
culata .  
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Lack of Pituitary Involvement in the Cold-Induced Hyperglycemia of the Killifish, Fundulus 
heteroclitus 

W h e n  acc l imated  to t empera tu res  near  freezing, many ,  
bu t  no t  all, teleosts  physiological ly  respond by e leva t ing  
the  concent ra t ion  of glucose in the i r  blood x. This  cold- 
induced hype rg lycemia  has  been mos t  thorough ly  s tudied  
in the  killifish, Fundulus heteroclitus, and in the  toadfish,  
Opsanus lau. Studies  on in tac t  kil l if ish showed t h a t  
acc l imat ion  to  - - 1 . 5 ° C  in sa l t  wa te r  increased the  con- 
cen t ra t ion  of se rum glucose by  as m u c h  as sixfold and 
t h a t  th is  increase was due to a b reakdown of hepa t ic  
glycogen L *. Similarly,  a hyperg lycemic  s ta te  developed 
in co ld-acc l imated  toadf ish  a t  t empera tu re s  near  freez- 
ing a., and, a l though no da t a  were avai lable ,  the  specula-  
t ion was advanced  t h a t  the  p i t u i t a ry  g land  migh t  be 
responsible  for t he  hyperg lycemic  response*. 

Indeed,  there  is ev idence  t h a t  the  p i t u i t a ry  of te leosts  
is invo lved  in blood glucose regulat ion.  FALKMER and 
MATTY 5 observed  a s l ight  hypog lycemia  in hypophy-  
sectomized Cottus scorpius and MATTY e found t h a t  injec- 
t ions of growth  hormone  e leva ted  serum glucose in in t ac t  
Cottus. Fur thermore ,  p i t u i t a r y  ex t rac t s  f rom the  fish, 
Luciopimelodus pati, produced  diabetogenic  ac t i v i t y  in 
fish, toads,  chickens, dogs, cows and m a n  v. I n  addit ion,  
even  though  bo th  hypophysec tomized  and in tac t  ca rp  
had  the  same concent ra t ions  of se rum glucose, when  
inject ions  of epinephrine were adminis te red ,  se rum glu- 
cose rose in in tac t  carp bu t  decl ined s l igh t ly  in hypo-  
physec tomized  fish s 

Endocr ine  glands under  the  di rect  cont ro l  of  the  
p i tu i t a ry  are also known to affect  blood sugar  levels  in 
teleosts.  Fo r  example ,  inject ions of hydrocor t i sone  or  
A C T H  are repor ted  to  e levate  b lood glucose levels  in a 
v a r i e t y  of fishes 9-x*, thus  impl ica t ing  the  p i tu i t a ry -  
in te r rena l  axis  in blood glucose regulat ion.  The  thyroid ,  
however ,  which  is also under  p i t u i t a ry  control ,  is prob-  

ab ly  no t  impor t an t  in blood sugar  regula t ion  in te leosts  
since thyrox ine  inject ions  had no effect  on blood sugar  
levels in Cyprinus and Tinca ~3 and had l i t t le  effect  on 
l iver  glycogen levels  in Fundulus heteroclitus 14 Therefore,  
since the  p i t u i t a ry  and some glands  under  the  d i rec t  
control  of the  p i t u i t a ry  are known to be invo lved  in 
blood glucose regula t ion  in teleosts,  i t  is reasonable  to  
suspect  an  i n v o l v e m e n t  of the  p i tu i t a ry  in the  cold- 
induced hype rg lycemia  of fish. 

To de te rmine  the  role of the  p i t u i t a ry  in the  cold- 
induced hyperg lycemia  of Fundulus heteroclitus, se rum 
glucose concent ra t ions  were compared  in hypophysec-  
tomized  and in tac t  adult ,  male  killifish acc l imated  to  
20 °C and --  1.5 °C in sa l t  water .  Fish hypophysec tomized  
according to  the  procedure  of PICKFORD 1~ were k ind ly  
suppl ied by Prof.  G. E.  PICKFORD. These fish were  
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c a p t u r e d  in April ,  1967, and  m a i n t a i n e d  a t  20°C for 
8 weeks  pr ior  to  h y p o p h y s e c t o m y  in la te  June .  Af t e r  
h y p o p h y s e c t o m y ,  the  fish were  k e p t  a t  20°C for 15 
weeks  and  ha l f  were t h e n  gradua l ly  t r ans fe r red  to  wa te r  
a t  - - 1 . 5 ° C  af ter  acc l imat ion  to  i n t e r m e d i a t e  t empe r a -  
tu res  for var ious  lengths  of t ime  (Table I). The r emain ing  
ha l f  were  kep t  a t  20°C unt i l  t he  e x p e r i m e n t  was  ter -  
mina t ed .  Control  groups  of i n t ac t  f ish were  also main-  
t a ined  a t  20°C and  - -1 .5°C.  A t  t he  t i m e  of au topsy ,  
no h y p o p h y s e c t 0 m i z e d  fish h a d  increased s igni f icant ly  
in l eng th  since the  da t e  of h y p o p h y s e c t o m y  and  none 
showed any  s igni f icant  t race  of nup t i a l  colorat ion.  These  
indicat ions,  t oge the r  w i t h  an overal l  pal lor  and  com-  
plete  sexual  regression,  p rov ided  a d e q u a t e  ev idence  of 
the  absence  of a p i tu i t a ry  r e m n a n t .  Se rum glucose was  
de t e rmined  the  d a y  fol lowing a u t o p s y  us ing an  ul t ra-  
micro a d a p t a t i o n  of t h e  Glucos ta t  (Wor th ing ton  Bio- 
chemical  Corporat ion)  enzyma t i c  me thod ,  fol lowing t h e  
procedure  of SAIFER and  GERSTENFELD 16. The resul ts  
are p re sen ted  in Table  II .  

At  20°C, se rum glucose levels were  s igni f icant ly  lower  
in h y p o p h y s e c t o m i z e d  f ish t h a n  in i n t ac t  controls .  How-  

Table I. Period of acclimation of FunduMs heteroclitus to various 
temperatures 

Group Final Time at each temperature for acclimation 
tern- 20 °C 10 °C 4 °C - -  1.5 °C 
perature 
(°C) 

Intact 20 51 weeks - - - 
--1.5 23weeks 22weeks 4weeks 10 days 

Hypophy- 20 50 weeks - - - 
sectomized --1.5 23 weeks 22 weeks 4 weeks 10 days 

ever,  a f ter  l iv ing for 10 days  a t  - -1 .5°C,  hype rg lycemia  
deve loped  in b o t h  in t ac t  and  h y p o p h y s e c t o m i z e d  killifish. 
These  resul ts  ind ica te  t h a t  even  t h o u g h  the  p i t u i t a r y  is 
invo lved  in se rum glucose regula t ion  a t  20°C, t he  p i tu -  
i t a ry  and  the  g lands  unde r  i ts  d i rec t  cont ro l  are no t  
respons ib le  for el ici t ing the  hype rg lycemia  observed  a t  
subzero  t empera tu re s .  

Since the  p i t u i t a r y  and  the  g lands  unde r  i ts  d i rec t  
con t ro l  are no t  respons ib le  for t h e  co ld- induced  hype r -  
g lycemia  in killifish, fu r the r  inves t iga t ions  are needed  
to  es tab l i sh  the  h o r mo n a l  cont ro l  of th is  response.  E n d o -  
cr ine g lands  no t  unde r  p i t u i t a r y  cont ro l  t h a t  m i g h t  be 
invo lved  are  t h e  panc rea t i c  islets and  ch romaf f in  t issue.  
Of these,  t he  panc rea t i c  islets seem to offer  the  m o s t  
p romise  as cont ro l l ing  agents  in the  cold- induced hyper -  
g lycemic  response  since seasonal  cycles in the i r  h is to logy 
are  known.  Fo r  example ,  PALLOT 17 e x a mi n e d  the  islet  
t i ssue  f rom 8 species of f ish to  f ind  increased n u m b e r s  of 
a-cells dur ing  the  win te r ;  in t he  spring,  t he  n u m b e r  of 
a-cells h a d  d iminished .  In  addi t ion ,  SAID and  AL-HI~s- 
SAINI is found  t h a t  in t he  islets of Tilapia and  Mugil 
the re  was  a lmos t  no insulin p r e s e n t  in t h e  a u t u m n  and  
winter ,  b u t  i t  was  a b u n d a n t  in t he  s u m m e r ;  g lucagon 
was  p re sen t  a t  all  seasons w i t h o u t  m u c h  difference.  E i t h e r  
a decrease  in insul in  p roduc t i on  or an increase in glucagon 
p roduc t ion ,  as r epo r t ed  for o the r  fish, could accoun t  for 
t he  co ld- induced  hype rg lycemia  in Fundulus hetero- 
clitus 19. 

Zusammen]assung. Glukose-Ste igerung  im Serum yon  
Fundulus heteroclitus nach  Akk l ima t i sa t ion  an - - 1 , 5 ° C  
wird  n ich t  d u t c h  die H y p o p h y s e  ve rursach t .  H ingegen  
is t  die H y p o p h y s e  no twendig ,  u m  die Serumglukose  bei  
20°C bei  no rma le r  K o n z e n t r a t i o n  zu ha l ten .  H y p o p h y -  
sek tomie  bei  20°C h a t  eine A b n a h m e  der  Serumglukose  
zur Folge.  

B. L. UMMINGER 20 

Table II. Serum glucose concentrations (mg/lO0 ml) of intact and 
hypophysectomized male Fundulus heteroclitus acclimated to various 
temperatures • 

Group Acclimation temperature 
20 °C - -  1.5 °C 

Intact 69.6 + 3.2 (7) 230.4 :k 41.6 (5) o 
Hypophysectomized 55.6 xL 4.0 (7) b 396.7 2~ 51.4 (4) b, e 

* Data expressed as mean + standard error (sample size), b Signifi- 
cantly different from intact controls (p<0.05) using Student's 
t-test, c Significantly different from 20°C controls (p < 0.05) using 
Student's t-test. 
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T h e  Ac id ic  G l y c o s a m i n o g l y c a n s  in the  S k i n  of  A t h y r o i d  R a t s :  the  Effects  of  L - T r i - I o d o t h y r o n i n e  

Since t h e  work  of WATSON and  PEARCE 1 i t  has  been  
k n o w n  t h a t  s u b n o r m a l  t hy ro id  ac t iv i ty  affects  t h e  glycos- 
aminog lycans  of t he  skin. The changes  r epo r t ed  were  an  
increse in the  hya luron ic  acid and  a decrease  in t he  
d e r m a t a n  sulfa te  c o n t e n t  of t he  skin ~,3. These  resul ts  
seem to  be  i n d e p e n d e n t  of t h y r o t r o p h i n  because  the  same 
changes  are no ted  a f te r  h y p o p h y s e c t o m y  as in hypo-  
thy ro id i sm ~. 

This  r epor t  p resen t  s d a t a  on the  g lycosaminoglycan  
c o n t e n t  of the  skin of normal ,  a t hy ro id  and  a thy ro id -  

t r e a t e d  ra t s  w i th  L- t r i - iodothyronine  (L-T3), us ing the  
t e chn iques  now avai lable  for the  q u a n t i t a t i o n  of gly- 
cosaminog lycans  in order  to  ge t  fu r the r  ins ight  in to  t he  
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