
Loma Linda University Loma Linda University 

TheScholarsRepository@LLU: Digital TheScholarsRepository@LLU: Digital 

Archive of Research, Scholarship & Archive of Research, Scholarship & 

Creative Works Creative Works 

Loma Linda University Electronic Theses, Dissertations & Projects 

8-1969 

An Ultrastructural Analysis of Rat Posterior Pituitary with Special An Ultrastructural Analysis of Rat Posterior Pituitary with Special 

Reference to Hormone Release Reference to Hormone Release 

William Mead Hooker 

Follow this and additional works at: https://scholarsrepository.llu.edu/etd 

 Part of the Anatomy Commons, and the Hormones, Hormone Substitutes, and Hormone Antagonists 

Commons 

Recommended Citation Recommended Citation 
Hooker, William Mead, "An Ultrastructural Analysis of Rat Posterior Pituitary with Special Reference to 
Hormone Release" (1969). Loma Linda University Electronic Theses, Dissertations & Projects. 1864. 
https://scholarsrepository.llu.edu/etd/1864 

This Thesis is brought to you for free and open access by TheScholarsRepository@LLU: Digital Archive of 
Research, Scholarship & Creative Works. It has been accepted for inclusion in Loma Linda University Electronic 
Theses, Dissertations & Projects by an authorized administrator of TheScholarsRepository@LLU: Digital Archive of 
Research, Scholarship & Creative Works. For more information, please contact scholarsrepository@llu.edu. 

https://scholarsrepository.llu.edu/
https://scholarsrepository.llu.edu/
https://scholarsrepository.llu.edu/
https://scholarsrepository.llu.edu/etd
https://scholarsrepository.llu.edu/etd?utm_source=scholarsrepository.llu.edu%2Fetd%2F1864&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/903?utm_source=scholarsrepository.llu.edu%2Fetd%2F1864&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/952?utm_source=scholarsrepository.llu.edu%2Fetd%2F1864&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/952?utm_source=scholarsrepository.llu.edu%2Fetd%2F1864&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsrepository.llu.edu/etd/1864?utm_source=scholarsrepository.llu.edu%2Fetd%2F1864&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsrepository@llu.edu


IDMA LINDA UNIVERS rn

Graduate School

AN ULriuLs1RLx:TuRAL ANALYSIS OF MT P0.1ll.|.IDR p][UlTARY

wrm smcuu. REfpppm:E ro HORIKJNTE RELEASE
F

bv

William H Hoo ke r

A Disser tation in Par tiai Fuifillment

uf the Requirements for the DegTce

Doctor of Philosophy in the Field of Anatomy

Augult 1969



E a c h p e r s o n  w h o s e l i g n n t u r e a p p e a r ! b e l o w c e r  t i f i e s t h a t h e  h u r e a d

t h i s d i s s e r  t a t i o n a n d t h a t i n h i ! o p i n i o n i c i n a d e q u a t e i n sco p e

an d q u a l i t y a l I d i l l e r  t a t i o n f o r t h e d e g r e e o f D o c t o r  o f P h i l o so p h y

C M/5' % D @
Rober  t L. Sc h ul tz Ph
Depar tment of  Anatomy

Chairman
D . y é c i a t c P r o f e s so r

, ;ws# Q ~ l

Ph.D. Assoc ia te Prof  c slorKcnncih A Arendt
Depar  tment of Phyliology and Blophgnicl

/5 7 / r

_v""".z!
/ L

As o c 1a te P u f e i l o rGlzy n

A n a t om y a n d N e u r o l o g y

-ffJ@4E>Az 2 aff 41 -fr
Asso c  i a t c P r o f e s so rH a l t e r H. B. Ro b e r  ts

De pa r  t m en t o f A n a t om y
M D

/ /7/f/Ldv/

l l i s t l n t  P r o f e l s o rR. B r u c e  W i l c o x , P h . I J . , A.

De p a r  tm e n t o f B l o c h e m i l t r y

` .
11



/ '

.xcrmosauzncmzms

The a utho r  wi shes to  e xp r e s s  h i s  a p p r e c i a t i o n  t o  a l l  t h o s e

who  ha ve  he lpe d to mak e thi s p ro  je c t a luc c enn

Si nc er e  a pp re c ia ti o n la  e xte nd ed  to  a l l th e mc mbe ra  of  my

Haltcr  Rober  ta , :ndGu y Hu n t D rD rKa r m a  th  Ar e n d tDrco tz m i t t ca

Spec  i¢1 thank;Br u c e  Hi i c o x f or  t he i r  a s si s tan c e  a n d i n s p i n c i o nD r

Sc h ul tz f o r  h i s  h e lp f u l guidanc e andRober t Lgo to my  c hai rman, Dr

To  h im I am deeplyd i r e c t i o n a n d h h u n e n d i n g p a t i e n c e a n d su p p o r  t

g r a t e f u l

Paul HcH1 Ilan forMuch appr eciat ion 1| also extended no Dr

suggestions and encouragement and  c o a llt h e m any h o u r s o f d i l c u i i i a n

o t h e r  m e m b e r s o f : h c An a to m y d e p a r  tm e n t f o r t h e i r p a t i e n c e a n d m o r a l

Thanks ll  du e for technical u l l l t u n c c from Hrs Ge r i .
su pp er  | :

E l l e n  W a g n e rB r y s o n  H o o r c , E l m o r e H u l s e , an d e s p e c i a l l y M r sC o u sc n t i n n

wh o a l s o g a ve m a n y  h o u r s o f p h o t o g r a p h i c a l l l l t a n c e

Thank! ar e  a l s o  g i ve n  t o  D r . J an Kuzma and J ere C r i spenl of
' .

\th e  S c i en t i f i c  C o mp u tat i o n  F ac i l i t y f o r  t h e i r  h e l p  w i t h  t h e  s ta t l l t i c a

J oan W i tzc l f o r  e xc el l en c e and  h elp fu lne ssa n d co m p u t a t i o n s a n d t o  H r s

i n t y p i n g th e m a n u sc r i p t

Ha r  te , a n d u m , To d dA nd m o s t o f a l l , t r i b u t e g o e l t o  m y  \ r i f e

f o r  t h e i r  p a t i e n c e , c h ee r f ul encouragement an d h elp  wi th o ut  wh i c h  th e

en t i r e  p r o  j ec t  wo u ld  n o t  h a ve  b ee n  p o ll l b l e .

NB  g§b£»2T h i s s t u d y w as su p p o r  te d i n pa r  t b y N I H  G r a n t No

i i i



TA  nm UF  CO NTE NTS

Pa ge

1I n t r o d u c t i o n

9Ma t e r ia l ! and Hethodl

9F i  xa t io n P r o c e d u r e

IGRamoval of Tissue

11P r e p a r a t i o n fo r  Ex a m i n a t  l o r .

1.2E x p e r i m e n t a l P r o c e d u r e s

1 1Q u a n t i f i c a t i o n  M e t h o d s

16M e a su r e m e n ts a n d M n g n i  f i ca t  l o n

18Oboe rvat ions

Hy dratc d Animal 1sThe No r m a l

21E x t r a c e l l u l a r S p ac e

z zTh e P i t u i c y t c

2uPlzrlvnnculnr  Space

26Ch r o n i c De h y d r a :  i o n  E x p e r i m e n t

I bAx on a

30P l t u l c v t e s

50P e r i v a s c u l a r S pa c e

37Ac u t e Hy p e r o a m o l a l  i t y Ex p e r i z a e n t

38D i sc u s s i o n

38Ex p e r i m e n t a l M e th o d s

38Ch  t o n i c

3aAc u t e

iv



I

I

P a geDisc uss lan (c ont i nucd)

39Quant i tat i ve Hn:  thodl

39The Hormones

asHo r m o n e Re  l e a se

luisNe u r o n a l Co n n  i d m a t  i o n s

InCnS y n a p t o i d V c l l c l e t

$ 9P l e o m n r p h i c V en  i c  l es

51Axonal S we l l i n g :

52Multi lame 1 lar Structures

53R e i c u c N o n s p e c i f i c i t y

sc.NSG Sp ec l f i c f ty

55Bl o o d v e sse l s

56P e r i v a l c u l n r S p a ce

6 0T h e P i t u i c y t c i

65Ext r acellular  Space

68S um n l ry  -  an d  Co ne  l u s  i o ns

T1Bibliography?

86Ke y  to E xp lan a ti o n o f  F ig u re s

v



TABIE zrmzx

P a ge

C h r o n i c D e h y d r a t  i o n  G r o u p z zI

l bTime Per io ds o f Sa line Infu sion1 1

1?C o m p a r i s o n  o f Co u~ t i n g  H c t h o d B1 1 1

20C o m p s r i l o n  o f V e l i c l e D i a m e t e r sr v

2?w e i g h : L a n o f A n i m a l sv

31v 1 Parenchymal Axon; with NSC

32Pa r e nch yma l . N o u - g r a n u l a r P r o c e sse sv u

33P r o c e sse s w i t h NSG i n PVSv1 1 1

l i nP r o c e sse s w i t h o u t NSC i n PVSo r

35Summ ary o f P a r s Ne r v o sa Nc a l u r cm e n t nx

En d i n g s c o n t a i n i n g P l e a m o r p h i c ' k fe s i c l cs 36X 1

V1



mm o n z m r o n

Exc lud i ng  vas c ular  e lemen ts , i t c a n  h e  l l i d th at the  ne uro

'Hy p op hi i r l  a r i se s to ta ll y  f r o m n e u ra l . t l l l u e A c c o r d i n g t o K l e e m a n  : n d
Q

C u t le r (1963) the mmmmlian nc urohy pophy ais c on:  Lac s of 1.) n g ro up of

spe c i ali ze d hy p otha lamic  n uc lei . , 2) the median eminenc e, 3) the n c uro

h y p o p h y l c s l t r a c t , a n d fa) t h e p a r : n e r v o s a (s y no n y m s ncurll. lobe

po s ter i o r l o b e  o f  t h e  p i t u i t a r y ) N e r v e f i b e r s o f t h e n e u r o h y p o p h y s e s l .

t r a c t t e r m i n a t e i n t h e p u n n e r v e s : ( K l e e m a n a n d C u t l e r , 1 9 6 3 )

Progress in  p h y s i o lo g i c a l r esea rc h o n the  ueur ohy po phy si i  has

f ar exceeded anatomical findings F o r e x a m p l e , t h e p r e s e n c e o f b i o

lo g i c a ll y  a c ti ve h or mon e s in  t h c  n e u r a l lobe was knowrn for  more than 50

y e a r n { 0 l l § E r a n d S c h a f e r 1895) before Bargmaun in 1943 was able to
s

c l e a r l y d e m o n st r a t e h i a t o l o g i c a l l y th e e x i s t e n c e o f m o r p h c l o g i c a l f e a -

t u r e s c o n s i s t e n t w i t h t h e a v a i l a b l e h 1 1p yn o  o g i c a l d a t a . T h e co n ce p t o f

n e u r o l e c r c t i o n  h a l d e ve l o p e d su h a e q u c n t l a d a t

i n  w i t h t h e c u r r e n t d a t a .

y n p r e s e n t a d e q u a t e l y f i t !

T h e s e c r e t o r y f u n c t i o n  o f t h e s u p r a o p t i c a n d p l r n v o n t r l c u l l r

n u c l e i L l n o v c l e a r l y u n d e r s t o o d b u t t h e e x a c t n a t u r e o f p r o d u c t i o n I n d

r e l e a s e o f t

h o r m o n e s a r e

t h e s e h o r m o n

h e h o r m o n e ! i s s t i l l o b s c u r e . I t i s k n o w n t h a t n e u r o -

a c t l v e l y s y n t h e s i z e d i n t h e h y p o t h a l m m i c n u c l e i a . d t h a t

e l a r e c o n j u g l t e d i n s o m e  w a y n o c a r r i e r p r o t e i n s a n d a r e

packaged for tlrlnlpor t dcnm axo ns into the r ele ase : r el This re lease

: r c s i s c o m m on l y c a i l e d 5 " n eu r oh | : m . ¢ I o r g a n T h e s e c o n c e p t s h s v e b e a n

d e v e l o p i n g  o v e r t h e l a s t 2 0  y e a r ! a n d t h r o u g h t h e e f f o r  t : o f  m a y

i n v e s t l g n t o r s n r e l a t i v e l y g o o d w o r k i n g  k n o w l e d g e o f t h e c o n t r o l s a n d

-1-
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Op er at i o na l f ac tor s in the hypothslaxno-ne\srohy]J Ophya|: nI ly atc m have bc an

achieved

Heurolec r c c ion an  an e ndoc r i ne pr oc ess i s  n o t l i m i t e d  t o  t h e

mmmml I t l s  k n o wn  to  e xi s t i n  a u c h  d i ve r le  a y s tmm a s :h e s in u s gla nd s

of  c r u l t l c e a n l , :hc cor pus car diucxm of insects, the nn nelid br ain the

p e r i c s r d i a l and posncc umissure organs in c r ustac ean s, th e ur op hy si s of

f i s he s an d  i n  a  va r ie t y  o f  a na lo go u sl y  c o ns t ru c te d  o r gs u s ln ar ac h ui ds

and my rlapc ds (Bern and Knowles, 1966) .

Th e  c la s s i c a l  de f i n i t i o n  o f  ne u r o s e c r e t i o n i n vo l ve ! the l i g h t

m i c r o s c o p i c d e m o n st r a t i o n o f se c r e t o r y  m a t e r i a l i n n e u r o n : b y s t a n d a r d

c y t o l o g i c a l m e t h o d s  u c h d i s t i n g u i s h g l a n d u l a r a c t i v i t y Ce r  ta i n

u.

s t s i n i n g m e th o d s , n o t a b l y i n c l u d i n g t h a t o f G o m o r i , w e r e a d o p te d b y

" n c u r a s e c : e L 1 o u i a t | " a s s t a n d a r d p r o c e d u r e f o r t h e d e m o n s t r a t i o n  o f

n e u r o s e c r e t o r y  m a t e r i a l ( N S H ) . U n f o r  t u n a t e l y , t h e s e p r o c e d u r e s w e r e

v e r y n o n s p e c i f i c a n d r e a l l y i d e n t i f i e d o n l y i n c l u s i o n s s t a i n a b l e w i t h

e i t h e r c h r o m e - a l u m  o r p l r a l d e h y d s f u c h s i n . Th u s t h o s e s t a i n s m ay o r

m ay n o t i n d i c a t e n e u r o s o c r e t o r y  m a t e r i a l

The  ad ve nt of the ele c tr on mic r osc ope fu r  t he r  r e f i ne d  c y to -

lo g i c  c r i t er i a t ha t  c o u ld  b e e mp loy e d  to  l t ud y  ne u ro s e c r e to r y  p r oc e ss e s

The  ob ser vat i on Ln neurons, f or  e xample, of  e le c t r o n- d en se  g ra nu le s i n

the rang e of 10001 to 30001 gave r i l e to th e ho pe th at a d epe ndlble

c r i t e r i a  f o r  t h e id en t i f i c a ti o n o f  n nu ro a c c r etor y  l y ate ms  h a d b ee n

dilcover ed It soon became apparent that  gr anule: in this cat egor y wer e

present i n ar eas  whor e the re i s pr esu ma bly  n o ueu ro i c c re ti on (Bern and

Knowles , 1966) C o n se q u a n t l y , a n t h e p r e se n t t i m e t h e d e f i n i t i o n o f
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suc h a sy stem i s somewhat more c ompli c ated than was f i n :  a n t i c i p a t e d

The  p re se nt  c on c e pt  o f  a nc ur olec re to r y  s y s te m i s  o ne in whic h s  pa r  t

of  t h e n er vou s sy stem c ar r i es on hormonogenc sla and the hormone i s

re lea s e d a t th e  li t e  o f  a n c u ro h e mn l  or g a n (Bern and Knowles, 1966) .

Th i s p ro vid e s a lo c a ti o n fo r relea sing  the  hor mone in to t he  s y s temi c

c i r c u l a r  i o n
/

I n  t h e c ase of the  vc r  t ebr ste p o s t e r i o r  p i t u i t a r y the knosm

h o r m o n e s i n v o  l ve d a r e v a so p r e s s i n , sy n t h e s i z e d  m a i n l y i n th e su p r a

op t i c  n u c leu s  o f the hy pothalamus, an d oxy toc in , pre do mi na ntl y  c l sb or

a t e d i n t h e p a r a v e n t r i c u l a r n u c l e u s These hormones have several

r u n c t l o n u a n d w i l l b c d e s c r i b e d o n l y b r i a f l y l m r e O x y t o c i n i s a n

oc ta pc p t i d e  uh i t h inf lu enc es the smo oth mus c le of th e uter us  a nd  u ti mu

la te s  my o e p i t h e l l a l c o n t r a c t i o n i n  t h e  b r ea s t  d u r i n g Za c tat i o n.

also an octapept idc which der ives lt l name fr om it s vasev a so p r e ss i n

p r e s s o r  a c t i vi t y i s lénowrn a s a n t l d i u r b t i c ho r m o n e b e ca u se o f i t s

p r o m i n e n t e f f e c i ; o n th e r e n a l tu b u l e s i n p r e v e n t i n g d i u r e s i s

The impor tance of these two hormonca makes the study of the

sy s t e m s ig ni f i c an t  c l in ic a ll y  a l w a l l a l academically For  example

in  di a b ete s in s i pi d u s there i s d ec r eas ed p rod uc t i on or to ta l la c k , o f

antidiur ct  ic hormone (ADH) A3 a r csult the pat ient exhibits po iy u r u

a n d p o l y d l p s i s . A n u n d e r s t a n d i n g o f t h e e n t i r e s y s t e m i n n o t o n l y

i m p o r  t a n t i n t r e a t i n g t h i s p a t i e n t b u t s l s o i n b e i n g s wa rm o f t h e

p o s s i b l e l o c a t i o n s f o r t h e c a u s a t i v e l e s i o n . T h i s i s a g o o d e x s m p l c o f

s n c u r o c n d o c r i n e s y s t e m i n  w h i c h t h e n c r vo u s s y s t e m  h a s c o n t r o l o v e r

the ent ir e b ody by way of the vasc ular  syt tem The func: lonal . z p l i
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c at i o ns of  s uc h  a  s y stem i ndu c e d the  wr i tc r  c o und er  t ake  a  r ane ar c h

pro j ec t c onc er ned wi th neuro andoc r inology .

Cons ider able  ef f or  t by  man y  worke rs h as b een  devoted  to

stu di e s  o f  th e  h y p oth s lmo - ne u ru h y po p h y s i sl  a xi s  an d , i n  p a r  t i c u la r

the methods and cont rol! for  the r clcuc of hor mones under  physiologic

:nd exp er iment al cond it iunl J
. . / J

A nu m b e r o f r e v i e w a r  t i c l c a a r e a v a i l a b l e c o v e r i n g t h e  h o r m o n e s

of  t h c  h y p c l t ha l lmo -h y p o ph y li ll  sy s te m A  c o m p r e h e n s i ve  w o r k o n  h o r m o n e s

p r o d u c e d b y n e u r o l c c r c t o r y c e l l : wa s p u b l i s h e d i n 195A ( S c h a f f e r I n d

S c h e r r e r , 1 9 5 & ) . N i a l l T h o r n ' ¢ ( 1 9 5 8 ) r e v i e w  c o v e r ! e a r l i e r r e s e a r c h

o n  m m u m s l i l n  a n t i d i u r e t i c h o r m o n e a n d t h e v e r y c o m p l e t e w o r k  o f S e u y e r

( 1 9 6 1 ) d i s c u s s e d | 1 1 a s p e c t s o f t h e n e u r o h y p o p h y a i a l h o r m o n e s u p u n t i l

A  c o m p l e t e r e v i e w  o n c h e n e u r o h y p o p h y a i s b y K l c e m n u a n dc h a t 1:  imc

C u t le r ( 1 9 6 3 )  d i l c u l l e d  t h e  t o p i c Ln ge neral Era~ 1957 to 1963 T h e

I n c e r p e r h a p s l s t h e  m o s t . c o m p l e t e w o r k c o v e r i n g t h e b a s i c s y s t e m i c

p r o c e s s e s i n r e h n l o o t o c h o i r p s t h o l o g i c s l s o d c l i n i c e l . c o r r o l s t c s .

T h e w o r k b y  A c h e : ( 1 9 6 6 ) i s s t r e s t m e n t o f t h e c h e m i s t r y o f n e u r o -

h y p o p h y s i e l ho r m o n e s Th e w o r k b y S m r y c r a n d  M i l l a ( 1 9 6 6 ) d i s c u s s e d

t h e c o n t r o l o f v a s o p r e s s i n  s e c r e t i o n .

O n e o f t h c b o l t s o u r c e s t o  d a t e f o r o r g a n l s m i c p h y l  l o l o g y o f

the neu rohy po phy li n i l  t h e  1 9 6 8  r e v i e w b y  F a r r c i l , Psbrc , : n d Rs u lc hk olb

m e n u A revi ew by  Share (1967) i s a goo d re fer en c e fo r  th o s e i n te r e s t

c d i n t h e b l o l i l l y a n d p h y l l o l o g l c l l c o n t r o l o f t h e r e l e a s e o f v l s o

Sever al othe r  r evie ws ma y  b e c o nsu lt ed f o r  a d d i t i o n a l  d i s c u sp r e l l i n

I  Lo n a n d r e  f e r e n c e ; (van Dy ke, 1955; Ro th b a l l c r , 1966; Gauc r and
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Henry , 1963; Kleeman an d Cut ler , 1963; Sawy er, 1966)

The c y c ulog i c  c o mpone nts o f  the  neuro hy pop hy sls  may  be di vided

in to  t hr ee  c ateg o r i es txcxsrons g l l a i c e l l s [ t h e  n o - c a l l e d  p i t u i c y te l ]

and vasc ular  sy s tem elements In r  t h e  h i s to r i c  d e ve lo p me n t  o f  : h e

c y t o l o g y o f t h e g l a n d , t h e r e a d e r Ln r e f e r r e d c o  C h r i s t ( 1 9 6 6 )

The  pa re ner vo sa c on tai ns un~y e l l na te d a xon s  an d  te r min a l s o f

nerve f i b er s  wh o se  c el l  b o d ie s  a r e lo c a te d  c h i e f l y Ln th e a up rao pt i c

and, t o  a le s s e r  e xte n t , i n  t h e  p a r l ve n t r i c u ln r  n u c le i  o f  t h e an te r i o r

h y p o t h a l a m u s These f i b e r s reac h the  nc urohy r pophy lll by  wa y  of  t he

hy p oth ala mo h y p o ph y li s l t r a c t s tn  t h e in f u n d i h u la r  s te m md , af  ter  r a ml

fi ca t io n in the  glan d t hei r  t er min als e xpa nd ab ut t ing  t he cap il lar y n et

w o r k o f t h c g l a n d Bodian (1951) has described these ter minal.  expan

s i o n s s s t h e p a l i s a d c l a y e r C e l l b o d i e s i n t h e h y p o t h a l a m u s , t h e

a x o n s , m d : h c t e r m i n a l s a l l c o n t a i n v a r y i n g am o u n t s o f n e u r o s e c r e t o r y

u m t e r i a i w h i c h c a n b e s e e n i n p r o p e r l y s t a i n e d l i g h t m i c r o s c o p i c p r e p a r e

t i o n s ns c o l l o i d p a r  t i c l e s i n s i d e t h e f i b e r s . I n  e l e c t r o n  m i c r o s c o p i c

o b s e r v a t i o n s t h e s e s r e s e e n a s o s m i o p h i l i c m z u r o n e c r e t i c m g r a n u l e s (NS G )

I n t h e opossum Bodian has descr ibed thr ee layer s or  zones in

th e n e u r o h yp o p h y a i a t t h e h i l a r z o n e w h i ch l a th e a r e a c o n t a i n i n g th e

n e r v e f i b e r s a n d th c p i r u i c y t e s ; th o se p t a l z o n a c o n t a i n i n g b l o o d ve a -

a c l a a n d c o n n e c t i v e t i s s u e ; a n d t h e p a l i s a d o z o n a w h i c h c o n t a i n s r o w s

o f n e r v e e n d i n g s a n d p i t u i c y t e p r o c c a a c a . T h i ! p r e c i l e o r g a n i z a t i o n  h a s

n o t b o o n d c m o n a t r n t c d i n o t h e r a n i m a l a .

Nerve f i b e r s in  t h e n a u ro h y p o ph y l i s a r e  s i mi l ar  t o  t h o s e found

Ln t h e c e n t r a l n e r v o u s s y l t e m  g e n e r a l l y T h e i r a x o n s c o n t a i n c o n s i d e r

3
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ab le  n lmb er a  o f  n eu ro tuh ule s,  mi to c h on d r i a,  ne ur o f i lmn en tl  as  H2 11  a s

the NS G and  oc c a $ia: : ml.  c mtpoc kelln g of  sy nap t lc - li ke or  " | y ulpto1.d"

vesicles

Huz ne rous s t u d i e s o f t h e c y t o l o g y a n d u l t r a s t r u c c u r e o f t h c

n e u r o h y p o p h y s i s a r e a v a i l a b l e Eo r v a r i o u s s p e c l c r hu ma n f l c d e r l s

r ab bit s, both norm:\ {Bar er and Lcder is, 1966] and dr ug- tr eated1965)

( F u j i t a an d Har  t m an~ , 1 9 5 2 ) ; t h c r a t i n a s t r a i n  w i t h ho m oz y go u s d i s -

b e t e a i n s i p i d u n ( B r a t t l e b o r o s t r a i n ) ( S c o t t , 1 9 6 8 ) ; t h e n e u r a l l o b e o f

t h e r a t (B a r g m n n n a n d K n o o p 1 9 5 ? ; P a l s y 1 9 5 ? ; Ha r  t m an n , 1 9 5 8 ; P a l s y ,

5

Monroe, 1957; Daniel and Lccicril i96b; Monr oe and Scott 1966)1955

th e r a i n b a w t r o u t § g_1§g i r i d e u s ( L e d e r i s , 196 -fo ); c a t s a n d d o g s

{B a r gm an r | a n d K n o o p 19 5 2 ' ) ; t h c c a n n o n g r a i l l n a k c , T r o p i d o n o t u a n a t r i x

( B a r g m a n n , K n o o p a n d T h i e l 1 9 S ? ) ; t h e t o a d , g g a r e n a n m ( G e r a c h e n f e l d

T r a n e z z a n i a n d D e k o b c r  t i a , 1 9 6 0 ) ; t h c op os s um , D i d c l n h i a v i r y z i n i l n a

( B o d i a n , 1 9 5 1 ; B o d i a n , 1 9 6 3 ; R o t h an d L u c e , 19 6 £ | ) ; b i r d s ( K o b a y a s h i

th e  wh i t e c rmmed spar rme, Zo no t r i c hi a le u c o p h rvl  ga mb c l l l (Bern1963]

1966) ; thc deser t r at (R. L. Holmes 1968) ; thc fetal monkeye t . a l

( H o l m e s , 1 9 6 6 ) ; t h e h e d g e h o g , E r i n a c c u s c u r o p . L (H o l m e s : n d K i e r n a n

t h e p n r a k c e t , H c l o p l l t t a c u s u n d u l a t n l ( K o b a y a s h i , B e r n , N i a h i o k a1964)

a n d Hyo d o 1 9 6 X ) ; t h c l i a a r d K l a u b e r i n s r i v e r l i a n a ( R o d r l q u c z a n d

L n P o i n t e , 1 9 6 9 ) ; t h e b u l l f r o g g g g g  c l t e s b e i l n l ( D o t : a n d K o b a y a s h i ,

1 9 6 3 ) ; c h e t u r  t l e C l c n n w l 1 a p o n i c n ( O o t a , 1 9 6 3 b ) ; t h e c h i c k e n , C a l l u s

d o m e l t i c u l ( D u n c a n l 9 5 5 ) ; t h e f i s h , O r v z i n s l a t t p c s ( D a t a , 19 6 3 a } t h e

1 9 6 ] ¢ : } ; a n d t h e p i g e o n , C o l u m b i a l l v l a d c r m c l t i c n ( O u t s a n dmouse (Dots

Kobnyuh I., 1962)
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Oth e r  r e vie w a r  t i c le s  c o ve r i ng  t h e  c y tolo g i c a l  a ip e c t i  a r e

a va i l a b le (K le c mn  a nd  C u tle r , 1963; J . F .  C h r i s t , 1966)

Thi s l tud y  was und er  tak en ln an att emp t. to  r es o l ve l o me  o f the

c o n t r o ve r s i a l  p r o b le m e vi d e n t i n  t h e l i t e r a t u r e

I t i s kn o w n , f o r e x a m p l e , t h a t o sm o t i c s t r e s s ca u se s t h e

p o s t e r i o r p i t u i t a r y t o be c a m e d e p l e t e d o f i t s n e u r o a e c r e t i a n  g r a n u l e :

a n d t h a t t h e r e i s a n i n c r e a s e i n t h e nu m b e r o f s y n a p t i c v e s i c l e s i n t h e

a x o n a l e n d i n g s ( P a l s y , 1 9 5 1 ; G e n c h e n f e l d , e t . e l . , 1 9 6 0 ; B e r n , e t . a l . .

Some have  spec ula ted that1966; Daniel and Lecicril 1966 and others)

t h c sc ch a n g e s a r e d u e t o a n i n c r e a se i n  n e u r o t r a n sm i t t e r su b s ta n c e a t

1960; Kobxyashi, e t . a lt h e  s i t e  o f  r e le a s e [Geruc hc nf  c id, c t . a l
\

O t h e r s h a ve f e l t t h a t th e se v e s i c l e s a r e th e1965 and Koelle 1961)

r e s u l t  o f  b u d d i n g  o f f  a n d  t h a t th e y  r e p r e s e n t  "g h o s t l "  o f  t h e la r ge r

vea ic i eu af  t er  t hey  had lo s t the i r  c on ten ts  a nd  f r ag me nted (Holmes and

The t a : see .m ed t o be l a m e q u e u t i o n i n t h eKnowles, 1960; Lcder is 1966)

l i t e r a t u r e  a s to  wh e th e r  t h es e  s mal l  ve s i c les  we r e ty p i c a l  sy n a pt i c

ve l i c l e a .

Some work er s r epo r  t ed  th e a pp ear anc e o f  ava i li ng;  a lon g t he

A n o t h c  r f  a c t o raxons (Bare:  and  Lesdc r i l, 1966) an d othe r s di d no t

i n v o l v e d i n t h e d e c i s i o n t o s t u d y t h i s l t r u c t u r e  w a s t h e f  ac t t h a t t h e

ma jo r i t y  o f  e le c tr o n  mi c r o sc o p i c  d e s c r i p t i on s  o f the glan d uc r c  d one

wi th  te c h n iq u e ! th a t are now outdnt c é. Duane tec hniques rc lul . ted `  i n

In fe r i or  a nd  o f  te n ve r y  i na de qu ate f i xa t i o n  a n d  d e t a i l

I L  mu lt  b e remnmbe ra d th at  vhi la  e lec tr on  mic ro sc op y  y i elds

w i c hs t a t i c p l c t u r c l , t h e y r e p r e s e n t a l t a g e l n a  d y n a m i c , l i v i n g s t a t e
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: h i s  i n  mi n d , a  d c t l i l e d  s tu d y  a n d  t e c va l u a t i lm o f t h e  u l t r a l t r u c tu r e  o f

th c  p o s te r i o r lo b e  o f  t h e  p i t u i t a r y  s e e med  d e s i r a b le .

I n  o r de r  c o  c o r r e la te mor p ho log i c a l c hanges wi th fu n c t i o n a l

ltag es o f  ho nnc r nn r c les ne, an i ma ls wer e  l u bje c t c d  t o  va r i o us  os mot i c

Rue r esul ts ob taine d wer e con sider ed in  ligh t  of recenta t  r c s s e s

p h a r m a c o l o g i c a l , p h y l i o l o g i c s l . , a n d b i o c h e m i c a l a d va n c e :

- - . .



H.\rER1Az.s .um rmmons

App roximate ly  60  f e male, 250 gram Sprague-Darley  rats snare

26 were sued as "nor mal" animalsu s e d i n t h i s s t u d y Of this number

f o r c o n t r o l s a n d t o f i n d t h e b e s t f i x a t i o n p r o c e d u r e s f o r p r e l c r v i n g

c h e p o s t e r i o r p i t u i t a r y g l a n d .

Th e L n m c r s i o n t e c h n i q u e s o f r e q u e n t  l yF ixat ion Proccdurc

u s e d b y o t h e r i n v e s t i g a t o r s h a s n o t r e s u l t e d i n c o n s l l t e u t l y s c c e p t a b l e

Dr i pp i ng  th e f i xa ti vc  on to  th e  a ur f  a c c  o ff i x a t i o n o f n e r vo u s t i s l u e

l i v i n g t i l s u e a l l a u s o n l y t h e s u p e r f i c i a l l a y e r s o f t h e t i s s u e t o b e

Based onstudi ed a nd de eper lay ers ar e  t o o  p o or l y f i xe d  t o  b e  u s e f u l

th e extc ns i vc  wo rk  b y  K ar ls so n an d Sc hu lt z (1965, 1966) and Sc hu lz: and

Kar l sson (1965) i t  wa s  po s s i b le to  e mp lo y  1 we ll - e s ta bl i s he d pr oc ed ur e

A d e t a i l e d d i sc u s s i o n o f t h i s a n d o t h e r1of  p e r fu s i o n f i xa t i o n ( f i g
5

T h e te c h n i q u e u se d1967)f i xa t i o n  p ro c ed u re s i s  a va i l a b le (5}os£rand

h e r e i n v o l v e d t r a c h e a l c a n n u l n t l o n a n d r e s p i r a t i o n  w i t h n g a s m i x t u r e

The C02 f  a c i l i t a te s  va l o d i i a t l o n  o f the c er ebr alo f 5 1  C 0 2 a n d 9 5 1 0 2

A d i s c u s s i o n o f t h i s ph e n o m e n o n  h n a r e c e n t l y b e e n p u b l i s h e dv e sse l s

An o p e n i n g Cu t L n th e p l a s t i c t u b i n g(Skiuho j and Paulson, 2969)

c o n ne c ti n g t he  c an n ula  t o  t h e g a s c y l i nd e r  a ll o wed  th e  a n ima l to  b re athe

F o l l a w i n g t h o r a c o t o m y t h e o p e r a t i v e a s s i s t a n t v e n t i l a t e dvo lwntar i  ly

Thet h c a n i m a l b y c o v e r i n g t h e h o l e i n t e r m l t t s n t l y  w i t h  h i s f i n g e r

thor ac i c  and abdominal lk l n  wa s in c i s e d a lo n g  t h e mid l i n e  an d  wi de l y

re f i e c te d a n d  a  a l l g h a l y  p a r a - s a g i t t a l l n c i l i c n i n to  t h e thorax was

made, us u a l l y  o n  t h e r i g h t si d e , f r o m the  xi p ho i d  p ro c e s s  t o  t h e r i g h t

m m l a r g eLa te r a l cut!  were made ju s t above the diaphragmf i r s t r ib

-9-
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h l z m o l t st a I n t e r s i l ) ; r e f l c c t c d : h c f l a p s o f th e t h o r a c i c u a 1 1 a l  w e l l u

o cc l n d e a i t h e se v e r e d i n t e r n a l . t h o r a c i c a r  t e r y . Th e f l a p s o f th e t h o r a c i c

w a l l w e r e t h a n  h e l d o p e n b y m ea ns o f w e l a r g e h e m o a t n t a . T h e a s c e n d i n g

a o r  t a  w a s n x p o s e d b y r e t r a c t i o n  o f t h e t h y m us g l a n d w i t h t w o s m a l l c l a m p s

Th e p n r i c s r d i a l sac: u n s s t r i p p e d aw a y a n d n l o o s e l i g a t u r e was p l a c e d

l

ar o un d  th e  a o r  t a t a ki n g c a re  no t  t o  di s ru p t th e  vs sc u la tur e Th e l e f  c

v e n t r i c l e was i n c i s e d a n d t h e g l l a s c a n n u l a f o r p e r f u s i o n i n s e r  t e d i n t o

Th e r i g h t a t r i u m a n d f o r v e n t r i c l eth e a sc e n d i n g a o r  ta a n d t i e d i n p l a c e

w as w i d e l y o p e n e d sn d p e r f u s i o n st a r  t e d s t s p r e ssu r e o f a b o u t 1.-fn

meter s of unter Th e p e r f u s i o n a p p a r a t u s u se d u n s a n i n t r a v e n o u s i n

f u s i o n s e t u i t h n s q u e e z e - t y p e f l a w r e g u l a t o r

A standard fixst ive solut ion was employed for  all animnis uncd

L n th e q u a n t  l t a t i v e s t u d y T h i s c o n s i s t e d o f 3 1 g l u t a r a l d e h y d e 1 1 gu ru

a c a c i a a n d S o r e a s o n f s p h o s p h a t e b u f f  a r {p H 7 . 3 ) a d j u s t e d t o 32 0  m D l m

\

The f low r ate :  wa s a djus te d  s o th e 250 ml o f  p e r f u l s t e  v u c ompletely

used i n 1.5 minutes.

Removal of Tissue Af  t e r p e r f u s i o n the br ain una expolcd and

t h e o p t i c n c r v c a s e c t i o n e d a n d t h e b r a i n g e n t l y p u l l e d b a c k t o g a i n

G r e a t c a r e w as ta k e n t o  m i n i m i z ea c c c a l t o th e m e d i a n e m i n e n ce a r e a

p u l l i n g u p o n t h e b r a i n i n a n a t t e m p t t o p r e v e n t d i s t u r b a n c e o f t h e

Lnfundibular  stalk however exp o s u r e  o f  t h e  p i t u i t a r yI n  m o st l n !  C a n c e l

a r e a n e c e s s i t a t e d r e t r a c t i o n o f t h e b r a i n  w i t h r e s u l t a n t b r e a k i n g o f t h e

de lic at e lnfund ih ula r  sta lk No a d v e r l e e f f e c t s h o w e ve r , c o u l d b e

The br ain could than be removed leaving thet r a c e d t o t h i s o c c u r r e n c e

p i t u i t a r y e x p o s e d a n d l c c e l l i b l e
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ln  t h e r a t the  pa ra  nc r vo ss i s lo c a te d  c e n t r a l l y  a n d  . mte r to r l y

w i t h n h o r s e s h o e - l i k e r i n g  o f a n t e r i o r p i t u i t a r y l l t e r a l a n d p o s t e r i o r

T h e s m a l l p a r a L n t e r m c d i a i n i n t e r p o s e d b e t w e e n : h m Ca r e w as t a k e n t o

b e a s g e n t l e aa p o s s i b l e w h e n  e x c i s i n g t h e p o s t e r i o r l o b e f r o m t h e g l a n d

s i n c e d i s r u p t i o n  o f t i s s u e b v p o s t - m o r  t e m  m n c h a n i c a l m a n i p u l a t i o n 1 |

k n o w n t o c a u s e  m em b r a n e b r e a k s a s w e l l a s o t h e r  m o r p h o l o g i c a l m o d i f i -

c a t i o n s ( C l ~n c r m c y e r , 1 9 6 0 ) .

Since this study  involved compar at ive value! a n e f f o r  t m u

m ndc t o n s m p l c a p p r o z i m a t e i y t h e nam e g e n e r a l a r e a o f t h e p a r l n e r v o n a

i n e a c h s p e c i m e n g e n e r a l l y t h e c e n t r a l p o r  t i o n .

Tile small pieces of t i l l u e ( lessPrcparat  ion for Exnminnt. ion

tha n 0 5 mil limet er  lq ua r u)  w er e  p lac ed in about 2  mi l l i l i t e r s  o f 320

\

::£)s: : | S o r e n s o n p h o s p h a t e h 1 _ f f e r c d ( p H } . 3 ) 17. o s m i u n t e t r o x i d e f o r t h r e e

E l x a t p r o c e d u r e u a l used both on the basis of i t shours Th is  p os t

f i x a t i v e r e a c t i o n  w h i c h i l d e p e n d a n t o n th e a b i l i t y o f 0 ! O t o a c t a l a

s t r o n g o x i d i z i n g a g e n t ( P u t t e r a n d Ha l l m a n 1 9 5 3 ) a n d o n th e b a s i s o f

th e h e a v y  m e t a l c a u s i n g a se l e c t i v e r e a c t i o n  w i t h v a r i o u s p a r  ts o f th e

Th is  : e le ct iv e react ion accounts for it s use fulness  an ant i s su e

e l e c t r o n l t a l n

Fo ll owin g th e  p o l t f i xz t l o n t h e t i s s u e u a l d e h y d r a t e d l n a

gr aded series of aqueous acetone (60, F5, 95 and 1001) and embeddeé in

Vestopal W  accor ding to the method of Kur  t z (1961) S e ct  i n n i n g w as d o n e

on an LKB B800 Ultr otome and the sec ti on s were mou nte d on  c o pper  gr i ds

wi t h  a  s i n g le 1 by 2 m1.l.l.1.meCer re c ta n gu la r  h c l c , us in g a Fo rmvl r  su p-

G l a ss k n i v e s w e r e u se d o n th e m i cr o t o m c a n d th e se c t i o n !po r  t  i n g f i  l m
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wer e floated onto a SZ ace tone solut ion While they wer e  float in g on the

sur f  a c e of  thc f l ui d th e c o pp er  g r i ds  wer e b ro ug ht  u p umdc r  th em a nd  wi t h

no me  ms ni pu lat lo n  t he y  c ou ld  be  p r op er ly  or i e n te d o n th e rec ta ng ular

hole

S t a i n i n g  o f t h e m o u n te d se c t i o n s w as a c c o m p l i sh e d bi ' f l o a t i n g

t h e g r i d o n  o n e d r o p  o f l e a d c i t r a t e (R e y n o l d a , 1 9 6 3 ) f o r 5  m i n u t e ! a n d

u r a n y l a c e t a t e ( W a t s o n , 1 9 5 8 ) f o r 3 0  m i n u t e s .

T h e l t s i n e d m o u n te d l c c t i o n s w e r e th a n p l a c e d L n a va cu sm

e v a p o r a t o r a n d a t h i n c arb on ua:  evapo rated outa t hem Ex a m i n a

t i o n  o f t h e s p e c i m e n ! cnr r icd G u l  c m n S i em en s E l m i u k o p I A  e l e c t r o n

micr olcope (Siemens America Inc 35 0 F i f  t h A v e . , N e w  Y o r k , New Y o r k

10001) us in g a 200 In condenser I I  ape r  t ure  an d u 30 / ¢ th i n  me ta l

ob je c t i ve ap er  t ur e.

Experimental Procedures ln  o r de r  t o stu dy  c h an ge s  o f the para

ne rvou s du r in g os mo t i c  s tr es s two exp er i men tal approac hes were employed

The f l r l t gr ou p  c o ns i s t i n g  o f 10 an imals ua a di vi de d into £4 subgroups

In  a n ef f o r  t to  c ap tu re the dy namic s of t h e  a n t i d i u r e t i c response i n -

c r e a s i n g  t i n : i n te r val s we re  a ll o we d be twee n re mo va l .  of  d r i nk in g wa te r

f r o m th e  a ni ma l !  a n d  s a c r i f i c e  by  p e r f u s i on  wi th  t h e f i x l t i v e

in te r va ls  we r e 1% days 2% days fa days and 7  day : ( t a b le 1)

These

Table I

c l m o r n c DE HYDRATIO N G RO UP

Days with No Dr inking Hater Number  of Animals

1%
1%
M

3
3
2
2Ir
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Th e stud y  o f  th e ne ur o hy po ph y l i a l response no ac ute  hy per -

osmotlc str es s usa  done  on Group I I . I n fu s io n  o f  a  hy pe r to u i c  so d iu m

c h lor i de  so lut i on  wa l  e mplo y e d fo r  th i n  p u r po s e The lolu t lon  cho len ual

10  mi l li l i t a ra  o f  6 7.  Na C l p er  K 3 b od y  we ig h t a n d  t h i ! amount was l l o v l y

infused int o t he femor al vein I n  o r d e r  t o  a c c o mp l i s h t h i s , a lo u g i t u d i

n a l i n c i s i o n  w a l m ade o v e r t h e a r e s o f t h e f e m o r a l t r i a n g l e a n d t h e

f emoral sheath exposed Th c ve i n  u n a c a r e f u l l y d i s se c t e d f r e e a n d tw o

t i c s w e r e p l a c e d a r o u n d i t t h e u se o f a d i s se c t i n g m i c r o sc o p e w as fo u n d

to be assent  ial A c l a m p was p l a c e d c c p h a i n d t o t h e t i c s The t ie most

cnudad was t i e d  d o w n  t i g h t l y  t o insure c e ss a ti on  of  b loo d f l o w t o  t h e

a r e a b e y o n d an d a v e r y s m a l l i n c i s i o n  w a s m ade i n t h e ve s s e l w a l l . A

smal l c a th eter tube ( In tr a med lc Poly ethy lene habing PE 10) connec ted by

mean! o f  a 2? gauge needle to a Sage infusio n pump, model 255  U- l (Sage

Ins!:r1.n:|en|;s, Inc. 2 Spr ing St r eet W hite Plains, New York 10 6 0l ) , was

th e n i n se r  te d i n t o t h e lu m e n o f th e v e sse l a n d th e se c o n d t i c f  a ste n e d

se c u r e l v The c lamp was them removed al l o wi n g f ree c omnunic ati on betwc en

th e c a t h e t e r tu b e an d th e v e l sc l lu m e n v a r y i n g s p e e d ! o f i n f u s i o n  w a r n

e m p l o ye d a n d f o r v a r y i n g p e r i o d s o f t i m e Th e t i m e d e l a y b e f o r e p e r f u s i o n

f i x a t i o n  w a s a l so  v a r i e d i n o r d e r t o s t u d y t h e a n t i d i u r e t i c r e sp o n se t o

a c u t e o l m o t  l c sh o ck Th e v a r i o u s t i m e p e r i o d s u se d a r e il l us t r at e d ln

table 11

Qnant lflcat inn Hethodl "mc number of micrographs needed to

a d e q u a t e l y l a m p l e a t l l l u u w i t h e l e c t r o n  m i c r o s c o p i c te c h n i q u e s 1 | u n d u l y

l a r g e wh e n o n e c o n s i d e r s t h e I s ma l ln e n "  o f the sa mple, bec ause of the

de g rc c  of  mag n i f i c at i o n md the th i n n e u of  se c ti o n:  un c d The f a c t c h u
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gro up s of  mi c r ogr lp hn to be c o mpa red  mutt  be  matc hed  f or  mag ni f i c ati on

an d  o th e r  va r i a b le : lu c h  a s i n d i vi d u e l di f f er en c e s from spec imen no

sp e c i me n r e la ted  t o  t h ei r  h i s to r y  a n d to  t h e le ve l  o f  t h e  s e c t i o n , must

be take n into conside r at ion Co mp lete  q u an ti f i c a ti o n o f  ; 1 1  d a ta  me n

c l o n e d  w o u l d b c b e yo n d th e sco pe: o f t h i s p r o  j e c t

Some o f t h e a n i m a l s i n t h e c h r o n i c a l l y l t r e s i e d g r o u p  w e r e

su b je c te d  t o  t h e fo ll owin g ampl  i ng  metho ds He a a u r e m e n ta w e r e ma de o n

A  c l e a r a c e t a t e s h e e t w i t h a n i n s c r i b e d 5; i n c h g r i d  w a sB X 1 0  p r i n t s

p l a c e d o v e r t h e p r i n t t o b e c o u n t e i , wi th  t he  p oi nt - c ou nt  i ng  metho d th e

r e l a t i v e a r e a o f e a ch o f t h e co m p o n e n ts o f i n t e r e s t ( se e t a b l e X ] w as

o b t a i n e d b y c o u n t i n g t h e s t r u c t u r e s t h a t w e r e l o c a t e d u n d e r th e i n t e r -

se c t i o n s i n th e g r i d . T h i s r e su l t e d i n 2 7 5 - 3 0 0 c o u n t s p e r p i c t u r e  w i t h

t h e p o 1 n t ~ c o u n t i n g  m e t h o d t h a t w as u se d . Th e r e l a t i v e a r e a o c c u p i e d b y

sp e c i f i c co m p o n e n ts i s o b t a i n e d b y : h e n u~ b e r o f i n t e r se c t i o n s fo u n d t o

o v e r l y t h o s e c o u~ o n e n t a d i v i d e d b y t h e t o t a l nu m b e r o f i n t e r s e c t i o n s

mlysi l of  the <* =; °  was  not  poss iblecounted V h i  l c c o m p l e t e s t a t  L n t i c n l

t h e l t l n d l r d e r r o r  u a l c a l c u l a t e d f o r e a c h o f t h e m e a s u r e m e n t s , u s i n g t h e

52[p) = , where p is the fraction of thc numberf o !  l o v i n g fo r u m !  n

o f  c o u n t ! f or  n g i ven c o mponent di vi de d  b y  t h e to ta l n umbe r  o f  c ou nts (n)

and S is t he var i anc e wh ose  Squ are ro ot i s th e stan d ar d er ro r (Eranko,

1955) .

I n a d d i t i o n , i n  o r d e r t o c h e c k t h e s a m p l i n g e r r o r a  m e a s u r e

ment uns made of the  ac tu al ar ea c over ed by  th c  var iou s c ompo nen ts T o

do  C h i !  u l  a c c u r a te l y  . n l  p o s l l b le , the mic r ogrn ph was di vi dc d into muc h

f i n e r  l u b d i vl l i o n l  a n d  t h e  a c t u i l : r el  o f  th e c ompa ne ntn wa s  e st imated .
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F o r t h i s p u r p o s e t h e a r c s  w i t h i n t h e 5 i n c h s q u a r e s m s dc h y c h e g r i d

p r e v i o u s l y d e s c r i b e d  w a s d i v i d e d i n t o & s m s l l c r s q u a r e s s n d t h c p r o p o r -

t i o n a l s r e s o c c u p i e d b y s c o m p o n e n t w i t h i n t h e s e e s t i m a t e d o n t h e b a s i s

T h i s r e s u l t e d i n  o b t a i n i n g 1 0 , 2 2 0 a r e a c o u n t s f r o m  c n c 8  K 1 0of 10

micrograph as compared to only 2?5-  300 point  counts for  t he sa.mn micro

graph. This f acilit ated A deter minat ion made of the er r or  of the point

Th e r e s u l t s lh cn r t h a t t h i l a r r o r  w a s w i t h i n l i m i t s o fc o u n t  i n g  m e  t h o d

a c c e p t a b i l i t y ( t s b i e I I I ) , a n d L n  m a st c s l e l a p p r o x i m a te d t h e f i g u r e !

o b t a i n e d f o r t h e s t a n d a r d e r r o r c a l c u l a t i o n s .

The magn i f i c at l on f or  e ac hM e a su r e m e n ts a n d Ha Rn 1  f  i ca t  i o n

m i c r o g r n p h w as co m p u te d b y n o t i n g th e d i r e c t m e t e r r e a d i n g o f th e m i c r o

The  ca ll:cope for  a giv en  pictu r e and consult ing a calibr at ion char  t

b r a t i o n ch a r  t u a l o b t a i n e d b y u s i n g a d i f f r a c t i o n g r a t i n g r e p l i c a ( E r n e s t

T o o b t a i n t h e c o r r e c t f i n s ! m n g n i f iC a t a l o g Ho ;DOS)F u l l a m , I n c

c a t i o n , t h e o r i g i n a l m a g n i f l c n t i o n u a l m u l t i p l i e d b y t h e p h o t o g r a p h i c

vesicles and membr anes couldSiz es of gr anulese n l a r g e m e n t f  a c t o r

than be de termined b y  di r ec t measurement of the enlargement an d  di vi di n g

by the to ta l  ma g n i f i c a t i o n .

Th e o i m o l n l l t y m e a su r e m e n t ! w e r e d o n e f o r th e a c u t e o sm o t i c

no p r o v i d e a c h e c k o n t h e a c t u a l o s m o t i c s t a t e o fin or ders t r e l l l e r l c l

t h e a n i m a l a t th e t i m e o f d e a t h ( t a b l e I I ) T h c l e m e a s u r e m e n t l w e r e

made wi th an Advanc ed f r e ez i n g p oi n t depression Osmometer , Modci 3i.l.|\S-67

£5 l|Z.c:mcthS|;reet, Newton Highlands E l s ;(Ad va n c e d I n n  | :  n m e n u I n c

02161)
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OBSERVATIONS

T h e u l t r l i t r u c t u r c o f t h e r a t . n e u r o h y p o p h y s i s  h u b c e n d e s

c r i b e d  i n  d e t a i l  b y  o th e r s (Pa ls y , 1955, 1957; Daniel.  : nd laeder i s, 1966;

Bargmmm and Knoop, 1957;  Honrou, 1967; Honroe md  S c o t t , 1966) T h e

uae of  n ewer  pro c edu re! f o r f i xat i o n and  e mb ed din g ulpd i n  t h i s study

has made lt  n e c ea s a r y  to  l t u d y  a n d  de s c r i b e t h e  h i s to lo gy  o f  n or ma l l y

hy d ra te d rata us ed f o r  c o n t r o l l .

T h e N o r m a l H y d r a t e d  , \ n i m

O r g a n e l l e l f o u~ d l n t h c n e u r o n a l p r o c e s s e s i n t h e p o s t e r i o r

l o b e o f t h c p i t u i t a r y a r e l c e n i n f i g s b a n d ? Mitochondr ia sr c

found in th e ax on!  of n er ve fib cr s leading  into t he pr r c nchyml of the

gla n d  a n  we l l  a s i n  t h e te r mi n a l  d i l a r l o n a  o f  c h e f i b e r s . They  are elc rn

g a t e o r o v a l i n s h a p e a n d a r e t y p i c a l o f t h o s e f o u n d e l s e w h e r e i n t h e

c e n t r a l n e r v o u s s y s t e m . T h e y a p p e a r c o b e ho s nn g e ne o us l y i n t e r m i n g l c d

w i t h t h e d a r k n e u r o t e c r e t o r y g r a n u l e s a n d c o n s i s t o f a n i n n e r a n d o u t e r

l i m i t i n g  m e m b r a n e w i t h c r l l t a e . T h i s a s m a p p e a r a n c e w a l a l s o n o t e d l n

t h c c x p c r l n e u t s l p t c p x r n t i o n s .

or ie n te d lo n g i t u d i n a l l y , are  pr ese nt i n  n e rveNeurotubules

Th e s t r u c t u r e o f th e se u e u r of i b e r :  e xc e p t i n  t h e i r  te r mi n a l  po r  t i o n s

7t u b u le l i s se en i n  c r o n  l e c t i o n  n l  w e l l as lo n g i t u d i n a l  l c c t i c m ( f i g

T h e y c o r r e i p o n d w i t h t h e  m e m b r l n c u s s y s t e m  o f u n d u l a t i n g t u h u l e s o b s e r v e d

b y P a l s y i n 1 9 5 7 . P a l s y d c i c r i b e d w i d e d i l a t i o n ! i n t h e s e t u b u l e a

o c c l l i o n a l l y c o n t a i n i n g n e u r o t e c r e t i o n g r a n u l e s , b u t t h e l c  w e r e n o t l c c n

N e u r o l e c r e t o r y  m a t e r i a l a p p e a r s u l a r g e o s m i o p h i l i ci n th  1 | m a t e r  i l l .

g r ln u l e ! i n  t h e  n e r ve  f i b e r :  l e p a r a ta f r o m th i s tu b u l r r  l y l t c m The

1s
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n e u r o t u b u l e s a r e t y p i c a l . o f t h o s e l e a n i n o t h e r pa r  t s o f t h e n e r vo u s

s y s t e m  a n d a p p e a r t o r e m a i n u n c h a n g e d a n d i n t a c t i n o s m o t l c a l l y '  s t r e s s e d

a n i m $ 1 5 .

The dark  uc urou ec r eti o n g ranu les (NSC) arc X000 R » 1500 I .  i n

d i a m e t e r a n d a r e l e e n i n t h e n e r v e f i b e r s a n d i n t h e i r t e r m i n a l d i l u t i o n s

T h e p r e s e n t l y a c c e p t e d c o n c e p t i s t h a t t h e s e v e s i c l e s a r e m a n u f  a c t u r e d

i n t h e a u p r a a p t i c a n d p a r a v e n t r i c u l l r n u c l e i o f t h e h y p o t h a l a m u s packaged

b y th e G o l g i a p p a r a t u s o f t h e n e u r o n a l c e l l b o d i e s i n th e se a r e a s a n d

m i g r a t e do w n t h e a x o n a a d i s c r e t e g r a n u l e s a c c u m u l a t i n g i n th e t e r m i n a l

p o r  t i o n s o f th e a x o n s . L a r g e n g g r e g a t l o n s o f t h o u : l t r u c t u r e l a c co u n t

f o r t h e c o l l o i d a l d r o p l e t s l e o n l n l i g h t m i c r o s c o p i c i n v e s t i g a t i o n s , l t l l l

o c c a s i o n a l l y t e r m e d H e r r i n g b o d i e s .

\

There are :wo vesi c ula r  c o mpon ents in  t he  a xo n s  o f  no r mal l y

hydr ated animals Tha  a xo n p ro pe r  a pp ea rs  to  c on tai n on ly la r g e e le c t r o n

T h e sy n a p t i c - l i k e v e s i c l e s , o f  t e n te r m e d a y n a p t o i dden se gra nulel

v e s i c l e s a r e fo u n d i n t h e a n o n e n d i n g s w h i ch a r e f r e q u e n t l y a b u t t e d

a g a i n s t th e o u t e r b a se m e n t me mb ra ne o f th e p e r l v s l c u l a r l p a c c T h e se

here termed sy n ap toi d, c o nta in  n o  e lec tr o n de n se  ma te r ia l i nvesicles

T a b l e IV i s a h i s t o g r a m  o f I y n a p t o i dc o n t r a s t t o th e l a r g e r g r a n u l e s

Th e a v e r a g e d i a m e t e r  w a s f o u n d t o b e 52 0 R
vel ic lc diameter measurement:

Sy na ptold ve si c les are fou nd den sely  p ac k ed  ami  a c c a li o nal ly f orm a  hc xs

ganal ar ray [ f i g 9 O c c a s i o n a l l y t h e y a r e f o u n d i n s c a t t e r e d g r o u p s

among ac c umulati ons of thc la rg er  n c u ra se c r c t i o n gr an ules T h e y d o n o t

r.as is o la te d  v e il : l e s but as densely packed sggregations ( f igso c c u r

Y
Th e s e v e s i c l e : r e s e m b l e t h o s e f o u n d i n o t h e r p a r  t ! o f t h e5 a n d 9 )



4 -
a s

s
" S
2 . . .
u s
g m

§§
§§§
§§§

5

Q GB _D v

e  ¢ ° U : p u .

IPMU5 ___ Zm___W2<_a m._U_MW> U__E<Z_
5 ___ ¢N__'U =̀_D U__D_UW> __ _ § 2_ 3 _

_ °°__ 8 U OOD

__ N_ E ( P

l s u é U ; _E-
D  ' g m  m s : B :

Q
E2 V f/ A

u__B_=@
E°u_d2

- l r '8 1 0

%2
s o

an o
wr

C)
n

o
N 9

ua
u
z
ld
ac
2
o
u
o

DG55
- 5
s m
C|..l.l.|

2



21

m sx r m a l l sn  c e n t r a l n e r v o u l l y l t c m  a n d i n n c u r o m u l c u i n r j u n c t i o n :

m cm h r m e a m a n u r e a b o u t 5 0  1 l n t h i c k n e s s .

Their

D e t e r m i n a t i o n s o f p l e o m o r p h i c v e s i c l e d i a m e t e r s a r e t a b u l a t e d

i n p l a t e I V N o t i c e t h e s i z e d i s t r i b u t i o n  o f t h e p l e o m o r p h i c v e s i c l e s

i n c o m p a r i s o n t o t h e s y n a p t i c v e s i c l e ! w h e r e t h e f o r m e r v a r y  w i d e l y

tf r o m 325 A t o 15 0 0  A i n d i a m e t e r a n d t h e S y n a p t i c v e s i c l e s va r y  m u c h

l e s s a n d r a n g e fro m  £ 410  3 . t o 6 7 5 ~

Lar ge elec t r on  d ens e g ra nules are n di nc in c c i vc fe a tu re  o f the

Loon - 1500 A inn e u r o h y p c p h y s i a l n e r v e t e r m i n a l s Th e s e g r a n u l e s a r e

d i a m e t e r a n d t h e i r l i m i t i n g  m e m b r a n e 1 | a b o u t TC - ?5 R t h i c k i heg f a r e

d i s t r i b u t e d t h r o u g h o u t t h e t e r m i n a l am ong t h e l y n a p t o i d v e s i c l e s an d t h e

mi tochcmér is Th e s e h u g e g r a n u l e s c o r r c l p o n d t o t h e n e u m a e c r e t o r y

g r a n u l e s o f l i g h t m i c r o s c o p y t h a t c a n b c s e e n l n s e c t i o n s o f t h e n e u r o

h y p o p h y s i s s t a i n e d b y c h r o m e a l u m - h u e m a t o x y l i n  o r p a r l l d c h y d c - f u l c h l n .

T h e y o c c u r  n o t o n l y i n t h e p a r ! n a r v o l a b u t a l s o i n t h e h y p o t h a l s m o -

h y p o p h y s i s i t r a c t a n d t h e s u p r a o p t i c a n d p a r a v u n t r i c u l a r n u c l e i .

D m e n d i n g s , c o n t a i n i n g a g g r e g a t i o n : o f g r a n u l e s , a b u t o n th e

per i va sc ula r  spa c e .ind measure from 15 - 3 mic ron: i n  d in mu ta r O cca s  i o n

a l l y , h o w e v e r , mu ch l a r g e r a c c u m u l a t i o n s a r t se e n i n th e n e u r o n s ( f i g .

an d c o r r e sp o n d t o t h e H e r r i n g b o d i e s se e n i n l i g h t m i c r o sc o p i c s t u d i e s

w x

In  t h is study one Her ring body uns obser ved which me:sured 21 microns in

diameter

E x t  ra c e 1  1u1a r S p a g :

A n u n u s u a l f i n d i n g i n t h i s i n v e s t i g a t i o n  u n i t h e c o n s i d e r a b l e
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amount  o f axt r ac cllular  lpace fo und in t he par a ner voan va  lu ca f o r

thi s c o mp on en t we re  c ou ntué  b y  th e po in t c o un ti ng  metho d md  c he  c on tr ol

an i ma l :  va r i e d f r o m l f e. l 1  t o }.l| .8L.

The Pit ulcyte

The pi tuicyt cu ar e the  o nly  c el lular  st r u ct ur e s of the postcr

ior  pitui t ar y glan d which a r e not  ne ur ons or  connected  uith the  vascular

Th e y  a r e b e li e ved  to  b e n e ur o g i i a l Ln  o r i gi n an d ar e thought tosy stem

b e s i m i l a r t o t h c a s t r o c y t e s s e e n i n c e r c h r s i c o r  t e x { I ~ a r q u h a r an d Har  t

M a y n a r d a n d P e a s e , 1 9 5 1 ) O ne c a n r e a d i l y i d e n t i f ymann, 1957* Schult z

t h e  p i t u i c y te  n u c le i  s i n c e they  are th e  o n l y  n u c le i loc ated in  th e  pa r 8
\

Th e y a r e t y p i c a l g l i a luervosa  exc ept fo r those in  va sc ula r  ele me nts

nuclei.  with a s par sely dist r ibu ted pat t er n of d ense chr omat in mater ial

The nuclei in nor mal animalswithin a mnt r ix of moder ate density

measure f r o m 6  t o  lb  mi c ro n s i n  t h e i r  l o n g e s t dimension T h a p l t u l c y t c

c ell has many rami f  y i ng proc esses whic h are in t i ma te ly  a s s o c i ate d  wi t h

1, 11 11. 1 2n e u r o n a l e n d i n g s a n d f i b e r s ( E i g a

The plt uicyte cy ta plalm il  e as il y d is t ing uish ab le  b y th e

F r e q u e n t l y t h e s e a p p e a r t o b e o r i a n t e dpresenc e of  many free rlbcacrczlen

e i t h e r  c lo s e l y sur rounding l i p i d  d r o p le t s  o f  t h e  c y to p la s m, or in  . n a o c i

15 and 20)a t i o n  wi t h rnugh endoplasmic r e t i c u lu m ( f i g s Th a c i l t c r n l e

o f  t h e rough endoplasmic re t i c u lu m oc c as i o na l ly  c on tai n  |  d en s e  ma tr i x

Mi toc h on d r i a  ar e  d i st r i b u ted  th r ou g ho u t th e en ti r e  c y to plas m an d ar e

Hicr ot ubulel are much L a u fr equen t ly lea n thant y p i c a l  o f g l i a l c e l l s

i n ne urons
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Smooth endoplilmic r e t icu lum is s ee n o cc ll io n ll ly  b u t  no t

f r c q u a n t l y i n t h e p i t u i c y t c c y t o p l a s m . T h e  n n l t p r o m i n e n t e x l m p l a o f

t h i s s m o o t h e n d o p l a s m i c r e t i c u l u m i s f o u n d i n f i g u r e 1 5  w h e r e a n c l s b o r

a t e l y s t e m  o f t u b u l c n i s e a s i l y o b s e r v e d .

T h e G o l g i a p p a r a t u s 1 | v e r y p r n m i n en r r I n d s e e m ! L o b e w i d e l y

dispersed in  t h e  p i t u i c y t c  c y to p la s m F r e q u e n t l y  i t i s fo u n d i n a n n e  i s

t io n w ith lipid dr op le ts  b ut  n ot as int imatciy as socia ted Ulth them aa

a r e t h e r i b o s o m a l e l e m e n t s p r e v i o u l l y  m c n t l o n c d ( f i g s 15 and 28) On a

pi t u i c y te  s e e n in a  mon tage  c on tai ned 6 ar eas of  Golg i  me mbra ne! adjac ent

t o 18 lL p { ` d  d r op let i . The  p ass ih lc imp l i c a t i o n s  o f these re la t i on s h i p s

\

will be d iscu ssed la te r

T h e l i p i d d r o p l e t s a r e n o t m e m b ra ne bo u n d m d a r e r e l a t i v e l y

A c c o r d i n g t o G e r s h ( 1 9 3 9 )homogeneous wi th no apparent sub st ruc tu re

t h e y a r e c c m p r i s c d p r e d o m i n a n t l y o f n e u t r a l u n s a t u r a t e d L i p i d s D i l m e t e r l

of the se dr oplet s mea sur e f r o m 600  - 1 5 0 0  mi l l i mlc r o n l  wi t h  t h e  u lu n i

si z e be ing  a bo ut 10 0 0 mi l l lmi c r o nn . 1:  was found ln  t h i s  s tu d y  t h a t the

l i p i d  d r o p le t :  q u i t e  c o n s i l t e n t l y  l h o v a  h a lo  e f f e c t  wh e r e the  pe r i phe ry

Occasio nally a  lsr geof the  d r op le t  e xh ibi ts  gr ea ter  e lec t r on de nsi ty

por  tl on of the  g ra nu le  a pp ea r : t o  c o n ta i n  t h i s  l l l g h t l y  d a r k e r  mn t e r i a i

w i t h  n u l l  a r e a l  o f l i g h te r  d e n s i t y . Th e  li g n l f i c a nc e  o f  t h es e  o bs e r -

28 and 35v a t i o n l i s u n c l c s r An cxmzzple c sn be found i n  f i g s

O c c a s i o n a l l y so so m a l l t r u c t u r e l a r e a l l a se e n i n th e p i t u l c y t e c y t o

p l s a m ( f i g s . l é , 1 5 , a n d 1 8 ) .
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Perivucu lar Space

L i k e o t h e r  e n d o c r i n e o r g a n s t h e p o s t e r i o r p i t u i t a r y g l a n d

contains a r ich vascular  networ k E x c h a n g e b e t w e e n t h e v l l c u l a t u r e a n d

p a r c a c h y m n i n g r e a t l y f  a c i l i t a t e d b y a n e l a b o r a t e n e t w o r k o f i n t e r -

c o n n e c t i n g p e r i v a n c u l n r l p a c e l . i h e l e h i v e b e e n d e s c r i b e d i n  d e t a i l b y

o t h e r s ( L i l i , 1 9 5 8 ; W i t t k o w l k i , U h ? a n d B a r e r , i 9 6 5 ) .

T h e b a se m e n t me m br a ne s a r e b r o a d sh e e t s  w h i c h se r v e l l b a r r i e r s

o n e i t h e r l i d c o f t h e p e r i v a s c u l a r s p a c e T h e sh e e r l i k e n a t u r e o f t h e se

m c m b r l n e l L l d e m o n st r a t e d i n f i g 1 3 w h e r e a t a n g e n t i a l s e c t i o n f o r  t u i

:ously sliced thc membr ane lon gi tu din al ly The basement membrane hal n
\

width of about soo I T h e tu n e r l a y e r o f b a se m e n t me m b ra n e , l y i n g

d i r e c t l y a d j a c e n t t o t h e e n d o t h e l i a l w a l l . i s i n t i m a t e l y a sso c i a t e d w i t h

t h e e n d o t h e l i u m  a n d r e m a i n ! i n c l o se a p p o a i t i a n t o i t Th e ou te r  la y e r

i s e t v a r i o u s d i s t a n c e s f r o m t h e ve s s e l a n d c a n b e d i r e c t l y a d j a c e n t t o

t h e i n n e r l a y e r o f t h e ba s e m e n t m e m b re n e . A c t i m e s , h o w e v e r , e p e c e s

b e t w e e n t h e s e t w o l e y e r l h a v e b e e n o b s e r ve d e l g r e e t a s 1 0 0 u . A l t h o u g h

t h e s e o c c u r e d i n l e c t i o n a t h a t s t r e t c h e d b e t w e e n a d j e c e n l ve s s e l s , i t

d o e s g i v e e n i d e a o f t h e e x t e n s i v e n e i e e f t h e PV S . Th e u s u a l s i z e r a n g e

l a I Ec u  m i c r o n s Fz mct ion al  p oss ib ili t i es that could be cor r elated sh!

wi t h  t h l l  a i a b o r a te s p i c e  wi l l be  d l s c u l l c d

The f i br ob ka nts a r e  5  c l i n i c a l . c o mp on e nt  o f  t he  p e r i va l c u la r

They  are f r e qu e n tl y  le e n a n d p a ne a s lo ng , : l e n d e r  p r o c e i l e sl p a c e

3 2 ) r e l c h l n g f o r c o n s i d e r a b l e l e n g t h s f r o m t h e p e r l k i r y a( f i g Th a  i r

cy tc r p l a l m i s d a r k  w i t h m m n r o u l r i b o l c r m e l , b o t h f r e n a n d l n a s so c i a t i o n

w i t h r o u g h e n d o p l a s m i c r c t i c u h m ( f i g s . I D a n d 2 3 ) .
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Another  component of the PVS in co llag en  f ib e r s  w hich  n c

abundant ly distr ibuted thr oughout the PVS ( figs ZA a n d Thela

c o l l a g e n  f i b e r !  de mo n s t r ate  u  p e r i o d i c i t y ( f i g 5) and gener al ly t end to

b e a b o u t 335 H 5 X i n  w i d t h
The co llagen  fiber s ar g fr equently seen

i n  r e l a t i o n  t o the f i b r oc y t c fr om whic h th ey  a re  d er i ved ( f i g 32

The cvo most f r eq u en t ly  f o un d  n e rve  e nd i ng !  o f th e pn r i vns c u ia r

space are i l 1 u l t r a t E d i n  f i g a These include endings with dar k neur o

se c r et i o n gr an ules (NSG) aB He ll as  c ndi ng a den se ly  pa c k ed wi th tu bu la r

Th e PVS a l s o c o n t a i n s e n d i n g s w i t h l y n a p t o i d v e l i c l e s f f l g il t r u c t u r e a

r . 5 and 9] and pleomorphic ve t i c l c n ( f i g s6 2? a m i n m The la t t e r

w i l l be descr ibed below Co u n t s w e r e made i n tw o c o n t r o l a n l m a i a o f th e

r e l a t i v e v a l u~ e o f t h e v a r i o u s ty p e s o f e n d i n g s i n th e p c r i v a sc u l a r sp a ce

T a b l e X s h o u t t h a t f r e e l p a c c a c c o u n t e d f o r 69 a n d 6 1 . & 1 o f t h e t o t a l

per iv ulcu lsr  s pun: for the tum cont rol animals T h u l e p r o c e sse s w h i ch

c o n t a i n d a r k NSG co m p r l l e d i 3 . ] a n d L 1 . h 1 o f th e t o t a l P V S  w h i l e th e

p r o c e l t e s w i t h n o d a r k g r a n u l e s a c c o u n te d f o r 6 . 8 an d 1 2 . 6 1 o f th e t o t a l

T h u s i t i n a p p a r e n t t h a t t h e r e i s n o s i g n i f i c a n t d i f f e r e n c e i n th eP vs

amount! of those endings with dlr k NSC and :hose without B o t h o c c u p y

appr oximately the lame amount  of l p n e in the PVS The fibr oblasts wer e

f o u n d t o o c c u p y 1 0 . ?

r e s p e c t i v e l y . S l n e e

i t was i m p o s s i b l e t o

t h a t ¢ r c L n c l u d e d i n

a n d 1 é . 5 Z o f t h e t o t a l PVS f o r t h e t w o a n i m a l !

t h c i c c o u n t s w e r e d o n e a t v e r y l o w  m a g n i f i c a t i o n :

d i f f e r e n t i u t u b u t v e n n t h e v a r i o u s t y p e s o f e n d i n g s

t h e t e r m  " w i t h n o d a r k g r a n u l e s " .

The degencr lt lng Her r ing bod y seen in fig 1? i l a n a p p a r e n t l y

normal const ituent  of che neur ohypophysis M any f e l t u r e l i n d i c a t i n g
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de g en e ra t i o n  c a n  b e  s e e n l uc h  n  my a l i n  f i g ur e  f o r ma t io n s ( f i g 31

Th a n e  n ml t i - l n mc l l a r  b o d i e s  c o n s i s t  o f  l e ve r l l lay er !  of  membrane and

Also to be foundt h e l e b o d i e s a r e f o u n d i n  v a r i o u s l t s g e s o f f o r m a t i o n

i n  : h u e  d e g e n e r a t i n g  c e l l  p r o c e u a a  a r e re mn an ts  o f  ue ur otub ulel Then:

a r e  p r e le n c  u  s h a t t e r e d f r a g me n ts  o f  t ub u la r  ma ter i a l r a nd o mly  l c s tt e re d

c xn omc  [ } g HY DR. \T{OH mmmzm

I n  o r d e r  t o  ve r i f  y  t h e  l t a te  o f  t h e  a n i ma ls in  t hi s  e xp e r ime n t

th e i r  we i gh t s  we r e  r e c o r de d  d ur i n g  t h e i r  r e s pe c t i ve  wa te r  d ep r i vat i o n

per iod s a nd the se f i g u r es  a r e  g i ve n i n  t a b l e  v.

Ax o n s

I n  a n a n ima l  de p r i ve d  o f  d r i n k in g  wa te r for  2% day s there i l

a marked decrease in the over all  number  of da r k neur olecr e t ltm gr anules

Th e re  ar e  n e rve  t e rmi na l s c o mp lete ly  la c ki n g i n n eu r o( ta b le  V I )

sec re ti c m g ra nules  a s \ f el l a s nu me ro ui t e r mi n a l !  wi t h th e i r  f u l l  c o m p l i

A l m o s t i n v a r i a b l y , h o w e v e r , t h o s e t e r m i n a l : wh o s emn:  of dar k NSG

dark  NS G a re d eplete d d i splay  numero us s mal l vnsi c ldn  wh ic h  H11 1 h c r c  be 4

T h e se v e l i c l c i a r e d i f f e r e n t t h l n t h a nte r me d  ple o mo r p hlc  ve l i c l e l

enc ountered i n  t h e  n o r ma l  s i t u a t i o n , and  or c  é i f f  c r c nt th an  t he  ly na pc oi d

Th e y r a n g e l n s i z e f r o mve s i c les  n or mal l y f o u n d  i n  t h e  c o n t r o l  n n i ml l l

T h e i r w u n g e l i z e was 685  F .325  to 150 0 3.  : nd  exhi bi t va r i a ble nh sp c n

I1 my  may  b e  ova l .  or  s p h er i c a l  a s  a r e t h e  sy n lp told  vc ll c l e l Hwy  my

2a l l a  b e i r r eg u lar l y  s h a pe d , np p en r in g  t o  b e  p a r  t i a l ly  c o l la p se d { f 1g

The  d eg ree  o f  dep le ti on of  t he NS G app ea r : c o be  prop or  ti onal
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to  t h e  t i me  o f  d n h y d r n t i u n , wi t h  f e ve r  p r e le n t i n the 4 ;  day  gr oup and

very fe u  d l r k  NS G i n  t h e 7 d ay  a ui ml lu Th e r e l a l t i o n l h i p l o f t h e NSG

d e p l e t i o n ! a r e ch a sm i n t a b l e V I w h e r e f i b e r s c o n t a i n i n g NSG f o r th e

v a r i o u s g r o u p : a r e c o m p a r e d .

T a b l e V I I Co m p a r e s f o r e a ch g r o u p th e p e r c e n t a g e o f t o t a l n r e a

of  t h e c e l l pr o c e ss e s wh i c h  h a d no  da rk  gr an u le s in : hem Since these

c ounts we re made on lov po wer  mic r ographs, th e e xa c t na tur e  o f  e ac h

end in g c ou ld  n ot be  di s ti n g ui s he d . Consequently so me  p i tu lc y tn : ma l l

pr oc e uc a an we ll  a s ne ur on al  p ro c e ss es  a re inc luded

Whi le inc r eas ed wate r  de pr i vat i on dc c realed NSG i t al s o p ro -

dqced inc re asin g amounts of th e  p leo mc rp h lc  ves i c le ! as  we l l  a s r e s u l t i n g

in th c  di s ap pe ara nc e of the ptu min ant s y n a p t i c  ve l i c l e ac c umu lati on s : een

ln the nor mal animal v e s i c l e s t h e S i z e a n d s h a p e o f t h e s y n a p t i c v n l i

c le ! o c c a s i o n a l l y o c c u r i n t h e d e h y d r a t e d a n i m a l s the usualh o w e ve r

g r o u p s o f sy n a p t i c v e s i c l e : se e n i n th e c o n t r o l w e r e n o t n o t e d

h y d r a t e d a n i m a l s .

i n d e

I n a n e f f o r  t t o d i s t i n g u i s h f u r  t h e r t h e d i f f e r e n c e s b e t w e e n

t h e t y p i c a l a y n a p t o i d v e s i c l e s a n d t h e p l e a m o r p h i c v e s i c l e s m e a s u r em e n t s

o f m e m b ra ne t h i c k n e s i e l , f r o m c e n t e r t o c e n t e r o f t h e o u t e r d a r k l a y e r s

w e  r e m a d e T h e se m e a su r e m e n ts u h m : t h a t u y n a p t o i d v e s i c l e me m br a ne s a r e

about 50 R vide P l c u m o r p h l c v e s i c l e : h a v e a m e m b r a n e  w i d t h o f ab o G t

70 - 75 1 which ia  s imi la r to th at  of the NSG

I n t h e f o u r d a y d e h y d r a t e d a n i m a l l o c c l l i o n s l ne r ve : e n d i n g s

can be founr i denial? packed with ncurolccrct lon gr annies A promnineynr

f  c s tu r e  o f  t h i s  g r o u p  l l  t h e inc reased number  of  endings i n  t h e  p e r i
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Endings f ound Ln c h e pe r i33 Sls a n dval c ula r  spac e ( f i g s

va s c u lar  s p a c e a r c  n ot  u n u lul l  b u t ln  th e  e xpe r i me n ta l  a n ima l the re  a re

Hh er z : t h e y  w e r e p r e d o m i n a n t l ymore of  them and thei r  np pearanc e  c hange!

fil le d wit h da r k  gr an ules in  t he ca n t r o l l , they now are fi l le d  w i th  tw o

The  p lc t rmnrp hlc  ves i c le! alr ead y  d esc r ib ed arety p e s o f  st r u c tu r e s

f r e q u e n t l y f o u n d s om e e n d i n g s c o n t a i n i n g f o r m e d e l e m e n t s w h i c h a p p e a r

Th ey  a re  p ro ba bly  tu bu la r  si nc eco be e i t h e r f i a z t c n c d o r t u b u l a r

15 and 31 lhcrva that when theme St ructur esclose examinat ion of figs

a r e v i e w e d i n l o n g i t u d i n a l se c t i o n s th e t r i p l e - l a y e r e d me mb ra ne s t r u c t u r e

i s n o t e a s i l y v i s i b l e b u t i s q u i t e c o u s l s t c n c l y se e n i n c r o sB se c t i o n s .

T h i s  w o u l d l e a d o n e L o c o n c l u d e t h a t t h e y a r e t u b u l c u i n s t e a d o f f l a t

to n e d v e s i c l e s s i n c e t h e t r l i s m l n a r s t r u c t u r e i l se e n b e n t w h en t h e

a n g l e o f s e c t i o n La n o t l o n g i t u d i n a l w i t h t h e m e m b ra ne b u t r a t h e r a t

I ? i l n o t ce r  t a i n t h a t th e se a r e n e u r a l e n d i n g !: i g h t a n g l e s t o i t

i l l u s t r a t e s th a t i n  t h e 25 day  animal the re i s a blen di ngF i g u f l ! 31.

o f th e n o r m a l v e s i c u l a r s t r u c t u r e s o f n e u r o n s w i t h th e t u b u l a r s t r u c t u r e s

Th i !  wo uld Lmply  t hat t h e  o th e r  c e l l s  e xh i b i t i n gwi th in  t he  la me  c el l

t h e i e t u b u l a r s t r u c t u r e s a r e n e u r o n s

Oc c a si on al ly  o ne  l ee :  en di ng s in  t he  p c r i vns c u la r  lp a c c  c a n

T h e u s u a l c o mt a i n i n g d e n se l y p a c ke d d s r k n e u r o s e c r c t i o n g r a n u l e s

ponc nts  of the PVS a uc h a l c ol lagen Elbc r s and f i b r o b la s t  p r oc e s le s are

The pr ocellaz l with t ubular  st r uctur e! ca n : ll c  b e found insilo se an

outs ide the PVSth e p n r cu ch ym a o f th e g l a n d L e

Another  unusual f i n d i n g 1 | the oc c a sion al appe aran c e o f  a

n e r v e e n d i n g w i t h a d a r k  m a t r i x  w h i c h  n u k e s t h e c l e a r v e s i c l e : p r o m i n e n t
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Tha  s ig ni fi can ce  o f th is type of ending ll uulcnmm ( f ig s 25 and 29)

The clear  pleomor phlc vesicle:  mar c not r ea di ly  d is t ing uish

able in t he c ont r ol animals T a b l e I I l x m n sr i z e a t h e i r o c c u r r a n c c f o r

th e va r i ou s gr ou ps . Zn the 21,  day  animal they  a c c ounted f o r  26.2 1.  of

the to ta l a re a c ou nte d an d Ln the 7 d ay  water  dep r i ved ani mal they

oc cupied 25.77. of the area.

P i t u i c y t e s

Th e p i t u l c y t e l e x h i b i t n o s i g n i f i c a n t v a r i a t i o n i n  n u m b e r o r

vo l u m e a s i n d i c a t e d b y th e q u a n t i t a t £ \ ' e s t u d i e s I n th e f o u r d a y u n t e r

d e p r i v e d a n i m a l a n  u n u su a l p i t u i c y t e w as e n co u r x te r e d Th is  c e l l i s

s h aw n i n f  i g 35 i s i d e n t i f i e d a s a p i t u i c y t e cm t h e b a s i s o f t h eI t

normal c y toplasmic c onst  i tu c nts T h i s c e l l a p p e a r s t o b e u n d e r g o i n g

m i t o s i s a n d m i g h t b e i n  m n t a p h a s c a l t h o u g h t h i s i s d i f f i c u l t t o d e t e r m i n e

b e c a u se th e a c c t i o g l i s t h i n a n d i t s o r i e n t a t i o n i s un kn o w n Nuc leur

f r agments  are shown and  upo n c lo ne e xami nati o n mi c rotu bule s c an  be seen

rand omly  s c at ter ed. The prumiuant fe a tu r e  o f  t h e c e l l i s th e  e xte n si ve

ve s l c u ln t i o n  wi t h i n  t h e cy toplasm whic h l s  n o t t y p i c a l  o f  n o r ma l  p i t u i -

c y te c y toplasm. This L l the onl y  s uc h  c e ll.  en c ou nte red in  t h e  6 0  a n i mo l l

examined

Per i vaac ular  Spac e

Count! wer e made of the pr ocealcn found ln the spaces nur

r o u n d i n g t h e c a p i l l a r i e s The  r e sul ts of the lc cou nt ! st r Emma! ln

t a b l e V I I I w h e r e t h e p e r c e n t n g e o f PVS o c c u p i c d b y c e l l p r o c e l l e l w i t h

d a r k g r a n u l a s i s l h o w n . Th e s t r i k i n g l c a r c i t y o f d a r k v e s i c l e ; i n t h e
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TablePVS of the  water -d ep r i ved  a ni ma ls in  d e mo n s t r ate d  i n t h i s c able

ER s h ow s t h e o c c u r r e n c e i n t h e PVS o f p r o c e i t e s w i t h o u t d a r k g r a n u l e s

a n d i n d i c a t e s a  m a r k e d i n c r e a s e i n f i b e r s w h i c h c o n t a i n  n o  d a r k g r a n u l e s

T h i s c e t c g o r y i n c l u d e d t h o s e n e r v e p r o c e s s e s w h i c h c o n t a i n p l c a m n r p h i c

v e s i c l e ! es w e l l as t h o s e w h i c h c o n t a i n t h e f l a t t e n e d o r t u b u l a r s t r u c -

The  mic rog ra ph s c ou nted  f o r  th i s compar i son were of lo v mn g n i f it u r e s

c a t i o n  a n d  t h e r e f o re  d i f f e r e n t i a t i o n  be twe e n  th e  va r lo u l ty p e s o f  c le a r

ve a lc i e i  wa s  n o t f e a s i b le .

The PVS ares occ upied by f i b r o b la s t !  d i d  n o t var y s i g n i f i c a n t l y

The t o t a lwi th the osmo ti c s ta te  n o t  d i d  t h e f r e e s pa c e of the PVS

Totalf lpgsres f o r  a l l the c o unted  para meter s are found i n  t a b l e  x

volume fo r the PVS did :mr change si g n i f i c a n t l y  wi t h  c h a ng i n g  c o nd i t i o n s

T h e e x t r a c e l l u l a r s p a c e was f o u n d t o v a r yno r  d i d th e  p i tu l c y te  vo lmn e

s l i g h t l y  b u t thi s was  pr oba bly  d ue to  t h e s amp li n g var i at  i o n s p re vio u sl y

rather than to any exper imental proceduresd i sc u s l c d

AC DTE HY PE RO S IW OIAL  ITY Ex  PE R um m

T h e r e w e r e v i r  t u a l l y n o ch a n g e s o b se r v e d i n th e sp e c i m e n s o f

T h i st h c p n r l n c r v o sa w h i ch  h a d b e e n l u b j c c t e d t o a c u t e o sm o t i c s t r e s s

a b se n ce o f ch a n g e 1 | d i sc u sse d l a t e r .



DIS C US S IO N

Experiment: 1 Methods

Ch  to n i c The exper imental pr ocedures employed with chronic

o n m o t i c n l l y s t r e a m e d a n i m a l s a r e s i m i l a r t o t h o s e u s e d b y  E n c a t r o m ( 1 9 6 7 )

H o ve a n d J e w e l l ( 1 9 5 9 ) Z l m b r a n o a n d D e k o b e r  t l s ( 1 9 6 1 3 a n d o t h e r s f o r

th e  stu d y  o f the  su pr lop ti c e- neu roh y p oph y si al sy i t c m Simi lar  r c su l t l

c ould have been  ac hie ved  us ing  other  me thod s o f  d ehy dra ti o n s uc h  as

i n f u s i o n o f h y p cr  t o u i c sa l i n e o r b y  h y p e r  t o n i c d r i n k i n g  u n t e r The

l a t t e r m i g h t b e p r e f e r a b l e l i n c e i t w o u l d l i m i t t h e s t r e s s t o  h y p e r

o r m o l a l i t y r a t h e r th a n o t h e r f e a t u r e s o f th e r c a p o n l e , su ch a s

b l o o d vo l u m e .

inc maxed

Om : a d va n t a g e o f th e m e t h o d u se d  u n s t h a t th e s t a t e o f th e

ani ma l!  c ou ld  b e do c umen te d by  d d ly  weig h:  d et c r mi ns ti ou ( ta b le  V )

Th e m e th o d u se d f o r a c u t e o sm o t i c r e sp o n se w as aAc u t e

r e l a t i v e l y r a p i d i n f u s i o n o f h y p e r  t o n i c s a l i n e s o l u t i o n t h r o u g h t h e

i n t r u e t h a t a nu m b e r o f f a c tc l r a r e kn o w n t ofe m o r a l v e i n Jh ile i t

c ause  vas opre ssin  r elease (sec Sawy er 1 9 6 6 ) , b l o o d vo l u m e a n d os m o t  l c

p r e s s u r e o f t h e p l a s m s a r e t h e m o s t i m p o r  t a n t However llnc e the

o sn n t l c p r e ssu r e o f th c 'b l o o d p r o d u ce s th e s t r a n g e s t r e sp o n se ( S n r y e r

19 66 3 a n a c u t e r e s p o n s e was e l i c i t e d u s i n g t h i s m e t h o d Table 11 shows

t h a t t h e r e was a n  o s m o t i c s r i m n l u l an e v i d e n c e d b y t h e s e r u m  o s m o t i c

c h e c k ! t a k e n a t p e r f u s i o n . T h u s , i t c a n be r e a s o n a b l y as s um ed c h a :

a n i m a l ! i n t h e a c u t e e x p e r i m e n t s w e r e e x p e r i e n c i n g i n c r e a s e d v a l o p r c a a l n

r e l e a s e .

The f act that :her e was neither  obvious deplet ion of NSG nor

o c c u r r e n c e o f p l n o c y t o s i l i n th e a c u t e e x p e r i m e n t a l g r o u p i n d i c z t c d : h u

38
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t h e se a r e n o t t h e u su a l  m e t h o d ! f o r a c c o n p l l l h l n g r e l a t i v e l y  m i n o r

a d j u s t m e n t s i n b o d y  a a m o l n l l t y . T h i s i n f e r e n c e i s t u n a b l e o n l y i f a n n

aa l u naea t h a t i n c r e a s e d v a s o p r n l l i n r e l e a s e  w a s o c c u r r i n g .

Th e d i s a d v a n t a g e o f t h i s : c u t e  m e t h o d i s t h e t w h i l e t h e

osmotic load in being increased r a pidly, so  i s the blood volume which

would have th e  op p o si t e  e f f ec t  on  t he  s y s te m Bu t s i n c e c o n t r o l n n i m s l s

were in fu s ed  wi th  c q ua l  vo lu me s  o f i s o t o n i c  u l i n e , t h i s  e f f e c t  v u

F u r  t h e r p r o o f o f t h e n e t e f f e c t was t h e i n c r e a s e i n s en x mdllcounted

olmn lsl it y  wh ich  ve r if ied the  os mot ic st r ess ( ta ble I I ]

Q u a n t i t a t i v e H e t h o d s

I n  S tud ie !  s uc h  a s th i s , f ew atte mpts ha ve been :mde by

e le c t r o n  mi c r o i c o p i s t l to  q ua n t l ta t c  mo r p ho lo gi c a l da ta I n t h i s r e p o r  t

hmnever, quan t ifi cat ion has been employed to f acilit ate compar ison:

Dm ¢t l'0r inhéfcnt in thc sampling methods used hal been

h .

e v a l u a t e d b y r u a  m e t h o d s It  must be remembered that Standar d er ror

c a l c u l a t i o n s u s e d i n t h e g r a p h s a n d l i l t e d i n t a b l e X r e p r e s e n t o n l y a n

Thise s t i m a t i o n  o f t h e e r r o r t h a t i s p r e s e n t i n c h e c o n m c l n g t c c h n i q u e

L n t o c o n s i d e r a t i o n s u c h e r r o r s an s a m p l e a n d b i o l o g i c a ld o e s n o t take

A l t h o u g h : h c l t a n d n r d e r r o r ! a r e n o t a b so l u t e th e y se r v ev a r i s t  i o n ;

nl  u le fu l. indices for campsr lson

T h e H o r m o n e s

W h i l e t h e p r e s e n t l t u d y  h a s n o t l t t c m ~ t e d t o e l u c i d a t e p r o b l e m s

c o n c e r n i n g t h e b i o c h e m i s t r y o r p h l r m z c o l o g y  o f n c u r a h y p o p h y t i l l h o r m o n e s ,

t h e f o l l o w i n g  m l t e t i a l i s p r e s e n t e d l i z b a c k g r o u n d f o r t h e d i l c u l l i o n
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of  t h e d a ta a n d f i n d i n g s  o f th i s  pn pe r

I s o la t i o n  o f we  h i g h l y  p u r i f i e d , p h y s i o lo g i c a l l y  a c t i ve

sublc anc el f r om mmxma l la n  p o ster i or  pi t ui t ar y (lee Sawy er 1961) has

pr e c i p i t a te d  a n  i n te n s i f i c a t i o n  o f  r e s e a r c h  ac t i vi t y  o n  t h e  p h a r ma

eulogy  and phy si ology  of  n c uroh y poph y si sl  hormones.

He l l e r (1966)  has c ompi i c d a c o mpar ati ve c h ar  t  : ho wing  the

ph y l c t i c  d i s t r i b u ti o n  a n d  c h e mi c a l c o mp o s l t i mi  o f  t h e  va r i a t i o n s  o f  t h c l c

T h e i r c h e m i s t r y h a l b e e n t h e s u b j e c t o f i n t e n s e i n v e s t i g a t i o nh o r m o n e s

1111: a c t i v e p r i n c i p l e ! a r e kn o w n L o b e p o l y p e p t i d e s w i t h n  m o l e c u l a r

w e i g h t o f a b o u t l 0 0 0 . Th a n e h o r m o n e s ca n be e x t r a c t e d f r o m t h e g l a n d

l n c o m b i n a t i o n  w i t h a p r o t e i n o f m o l c c u h r  \ m i g h t a b o u t 3 0 , 0 0 0 ( S a v y c r

is not  known if the hormones sr c  r ulc u e d fr om granule! bound1961) I t

\

o r i n s f r e e s t a t e Th e l a t t e r , h o w e ve r i lt o th e c a r r i e r p r o t e i n

usually  assumed

(19&1} fe l t that the pr otein which he ison lV a n Dyke e t

Acher (1956 195T) and col a t e d c o n t a i n e d v n l o p r c s s i n a n d o x y t o c i n

w o r k e r s l a t e r s h o ve d t h a t i t was m o r e l i k e l y t h a t t h e p r o t n i n r e p r e s e n t e d

t h e " c a r r i e r s u b s t a n c e " t o  w h i c h Ch l : p e p t i d e s w e r e b o u n d i n . l r a l a t i v u l y

l o o m a i i o c l a t l o n d u r i n g t r a n s p o r  t a n d s t o r a g e ( S a w y e r , w a x ) .

rixmmroua morpholog lc: 1 ttud las f or  example th o s e o f  Pn l l y

{ 1 9 5 T } , h a v e i n d i c a t e d t h a t va s o p r e s s i n i s l a r g e l y c o n t a i n e d  w i t h i n

Sachs (1963)  has r e ce nt ly ve r if ie d thememembrane- bound vel ic: les

He S t u d i e d t h e o c c u r r e n c e o f va s o p r e s s i n am o ng v a r i o u s c e l lfind ings

or gsnellel and found that the g r eate st  b iolog ical  pote ncy, an menlured

b y b i o u l l y s b h : p r e u o r a c t i v i t y l n t h e r s t , v u i o c l t e d in the maur o
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sec re to r y  gr an ules Un e  l c t i vi t y  o f  t h c  g r a n u le s f r om th e hy po r ha lmo

median eminence complex (3 - 5  u ni t l f m3 }  wa s  muc h  le n than c ha:  ob aarved

fo r th e  n e ur o lc c re to r y  pa r  t i c l e ! i s olated  f r o m ho mo ge na te !  of  n eu ra l

l o b e  t l a l u a ur . - 2 1.  lmi r uf mg) .

Interest ing developments have been made r ecent ly with r espect

t o th e  h o r m o n e c a r r i e r  p r o t e i n s . C h a u v e t , e t al. (1960)  have i n v e l t i

g a t e d i n s e v e r a l s p e c i e s o f m am m a l s t h e i n a c t i v e p o r  t i o n o f t h e va n Dy k e

p r o t e i n  w h i c h : h a y  h a v e t e r m e d " n e u r o p h y l l n " . T h e y f o u n d t h a t v a s o p r e t i i n

an d o x y t o c i n c a n c o m b i n e  w i t h  n e u r o p h y a i n r e g a r d l e s s o f s p e c i e s o r i g i n o f

t h e p e p t i d e s o r u c u r o p h y a i n . L a t e r v a r i o u s w o r k e r ! r e c o g n i z e d t h e f  a c t

that  wi th l t ar ch- gel ele ct r o pho r es is o f n eur o phy lin lmmr s l  d i f f e r e n t
n

p r o t e i n : c o u l d b e s e p a r a t e d ( H o p e , a t a l 1961. Fr lnkland, et al.

1966] Inter est  was fur ther in te ns if ie d by findings in l96!¢ (Gaitaa

Co h o a n d H i z r a c h l ) t h a t th e tw o p o l y p e p t i d e h o r m o n e s w e r e r e l e a se d

s e p a r a t e l y i n  m a n . T h i s l e d t o s p e c u l a t i o n t h a t t h e r e was a s e p a r a t e

c a r r i e r p r o t e i n f o r e a c h h o r m o n e . De a n a n d Ho p e ( l 9 6 6 I 9 6 T ) i s o l a t e d

t w o d i f f e r e n t p r o t e i n c o n s t i t u e n t s f r o m  n e u r o s o c r e t l o n g r a n u l e s o f b o v i n e

p o s t e r i o r p i t u i t a r y g l a n d s . S i m i l a r p r o t e i n s w e r e f o u n d i n e x t r a c t s o f

a c e t o n e - d r i e d p o w d e r o f t h e s am e t i s s u e . H o l l e n b e r g a n d Ho pe [ l 9 6 B )

a n a l y z e d a n d c h a r a c t e r i z e d t h e e x t r a c t e d  m a t e r i a l a n d D e a n an d Ho pe

( 1 9 6 8 ) v e r i f i e d t h e r e s u l t s w i t h h i g h l y p u r i f i e d NS G , a c c o m p l i s h e d b y

s u c r o s e d e n s i t y g r a d i e n t s a t 1 & 5 , 0 0 U  g f o r u p t o 5 h o u r s . T h e y f o u n d

c om~ s r s b l a a m i n o a c i d c o n s t i t u e n t s i n p r o t e i n s e x a m i n e d b y b o t h  m e t h o d s .

N e u r o p h y s l n - I T was d i s t i n g u i s h e d f r o m  n e u r o p h y s i n - I b y t h e a b s e n c e o f

his t id in e H u a l f o u n d t h a t n e u r o p h y l i n - I a n d o x y t o c i n a r e l t o r a d
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tog eth er in ne ur os c c r c tor y  gra nu le s whi c h  a re  di f f  c re nt than  th ose i n

uh ic h  n e ur o ph y tl n - I I  a n d a rg i ni n e vas o pr e ss i n a re  sto re d (Dean, Hope sad

These findings wer e the r esult of de nsity  gr ad ientKsz ic 1960)

c e n t r i f u g a t i o n

B i n d l e r , L a b e l l a a n d S a m m i ( 1 9 6 7 ) a l so w o r k i n g w i t h th e

b o v i n e p o s t e r i o r p i t u i t a r y se p a r a t e d n e r v e e n d i n g ! i n t o t h r e e f r a c t i o n s

Th e y f o u n d t h a t e a c h was a n e a r l y  h o m o g e n e o u s p o p u l a r  l o n o f " n e u r o -

an d t h a t th e y d i f f e r e d f r o m  e a c h o t h e r i n t h e i r v a a o p r e s l i nacc re tossmel

VP was io c nl i ze d in d c nn ¢r  and  GT in l i g h t e roxytocin (VPXOTE r at ios

This c or r ob or ated  ear l ier  st udies in w hich  slmiinrneurosec re tosamcs

o b se r v a t i o n s h a d be e n  m a d e i n su b f r s c t l o n l o f n e u r o se c r e t o r y g r a n u l e s

n o a p p a r e n t m o r p h o l o g i c a l d i f f e r e n c e s am ong t h eT h e r e \he re h o w e ve r

For some time il: had been fe l t that there wereth r e e l u b f r a c t i o n s

pa r  t i c i a a  sp e c i f i c a l l y  c o n ta in i n g  ei t h e r  UT o r  V P  ( L ab a l l a Be a u l  i e u an d

idea named confir med1962) and nov thisRniffenstdn

More rec ent l t u d i e l ( holl enbc rg a nd Hope, 1968) showed th at

"nc uro phy ain - I binds th r e e  mo le c u le s  o f  e i t h e r  va s o p r e l l i n o r  o xy to c i n

whe rea s neu rop hy ain - I I  b ind s o nl y  wo molec u le s o f  e ac h h ormon e p er

Co m p l cx e l c o n t a i n i n g w o  m o l e c u l e s o f o x y t o c i n a n dm o l e c u l e o f p r o t e i n

on e  mo le c ule  o f  5 - ar g in i ne  vn i op r ea n lu  pe r  mo le c ule  o f  p r ote in  ar e formed

both pr otein s ap pe ar to possess three polyb y n e u r o p h y s i n - I a n d - I 1

p e p t i d e - b i n d i n g n i t e : p e r  m o l e c u l e

i t a p p e a r s t h a t t h e r e may e v e n be s t h i r d n e u r oNo u h o w e ve r

U s i n g i o n - e x c h a n g ep h y l i n , a l l e a s t i n  t h e  b o vi ne  p o s te r i o r lobe

The f i r l t .Indch r o m a to g r a p h y t h r e e p r o t e i n p e a ks h a ve b e e n o h t n i n c d
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th i r d  : r c  n e ur o ph y lin - I  an d  - I I r e lp ac t lve ly T h e p r o t e i n p r o d u c i n g

t h c i n t e r m e d i a t e p e a k  w a s l d e u t i f i e d e l e c t r o p h o r e t  i c a l l y ; ¢ t h e m i n o r

s o l u b l e - p r o t e i n c o m p o n e n t o f NSG ( R a u c h H o i l a n b e r g Ho p s 1 9 6 8 ) T h i s

p r o t e i n a p p a r c n t i y c a n b i n d h o r m o n e a n d L u p r e s e n c e s u g g e l t s : h a p o l

s i b i l i t y o f a t h i r d p e p t i d e t h a t  m i g h t b c a s s o c i a t e d  w i t h t h e t h i r d

ne u ro p h y a  i n  .

Ho r m o n e Re  l ea s e

T h e p r o b l e m  o f  m e c h a n i s m s b y w h i c h t h e n e u r o h y p o p h y a i a l

h o r m o n e s a r e r e l e a s e d 1 | o n e w h i c h h a s r e c e i v e d m uc h a t t e n t i o n r e c e n t l y .

D o u g l a s a n d P o i s n e r { 1 9 6 o a an d 1 9 6 h b ) h a v e d e s c r b e d a m e c h a n i s m  o f

r e l e a s e o f va s o p r e s s i n  w h i c h i n v o l v e s d e p o l a r i z a t i o n f o l l o w e d b y a

c a l c i u m - d e p e n d e n t l i n k . T h e y v i s u a l i z e a s y s t e m i n  w h i c h a n a c t i o n

p o t e n t i a l a r r i v e s a t t h e p e r l n e r v o s s f r o m  h y p o t h a l a m i c c e n t e r s a n d t h i s

Lm p u l a e s t i m u l a t e s a n u p t a k e o f c a l c i u m i n t h e e n d i n g s . T h e y a l s o p o i n t

o u t t h a t s o m e t i m e s t h e u p t a k e o f c a l c i u~ a n d t h e a c c r e t i o n o f h o r n n m e

f  a i l t o p a r a l l e l e a c h o t h e r . T h e d e p o l a r i z a t i o n s t e p i s L m p l l c a t e d b y

e x p e r i m e n t s i n w h i c h h i g h K l e v e l s a n d e l e c t r i c a l s t i m u l i c a u s e d v i g o r o u s

h o r m o n e s e c r e t i o n a n d C s u p t a k e .

Th e s e a u t h o r s ( D o u g l n s : n d P o i l u e r 19 6 h b P o i l n e r a n d Do u g l a s

1 9 6 8 ) a r e gm on g  m a ny w h o  h a ve n o t e d s i m i l a r i t i e s b e t w e e n t h e n e u r o h y p o

phylial system and adr enal medullar y hor mone release mechanisms F u r t h e r

s t u d i e s ( P o l l n e r a n d D o u g i a s 1 9 6 3 ) i n d i c a t e c h a r A TF a n d A TP as e m ay

p a r  t i c i p a t e i n t h e r e l e a s e o f h o r m o n e s .

Ginsburg { l. 968 }  pr a lanta | det ailed dincu slion of th e "enh anced
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d i f f u a e b i l i t f ' theo ry  of  hor mone  re lea se. Tun po ssible  uey a in  whi c h

C| +"  c o uld ec t t o  c a u s e  r e le u e  a r c , f i r s t , by  c onver  ti ng c he hormones

to  e  mo r e  r e a d i l y  d i f f u s i b le fo rm or , le c o nd ly , by  pro mo tin g a n exo c y t i c

or  r e ve r se  p i no c y to ti c  p ro c es s i n vo l vi n g  t h e fu s i o n  o f  g r e n u l l r  a n d

n e u r o n a l . m e m b r l n e l T h e i m p l i c a t i o n s o f e a c h o f t h e i r t h e o r i e s o n t h e

bali !  o f o the r  lmmm f a cto r s nm dis cua lnd Ln dats! ! (Ginsbur g, 1968)

D y b s l l ( 1 9 6 8 ) h a s r e c e n t l y r e p o r  t e d e x a m i n a t i o n  o f p h y s i o l o g i c

f  a c t o r s a f f e c t i n g t h e r e l e a s e o f  v a s o p r e s s i n u n d o r c a r e f u l l y c o n t r o l l e d

He found the th r e e  mo s t  e f f e c t i v e  s t i mu l ic x p e r i l t z n t l l cond  1  t  i ons

va g a l s t i m u l a t i o n a n d i n t r a c a r o t i d  _ i n j e c t i o n o f C n  C 1( h e m o r r h a g e

r e  l e l s e d b o t h V P  a nd UT b u t Ln d i f f e r e n t p r o p o r  t  i o n s

B o d i s n ( 1 9 6 5 1 9 6 6 ) h a l d e l c r i b e d  m o r p h o l o g i c a l e v i d e n c e f o r a

n e u r o a p o c r l n e m e t h o d o f s e c r e t i o n i n t h e n e u r o h y p o p h y s l s o f t h e m o n k e y .

A c c o r d i n g t o h i s d e l c r i p t l o n t h e n e u r c s e c r e t o r y e n d i n g s a r e l i b e r a t e d

i n t a c t i n t o t h e P vs a n d t h e n i n t o t h e ve s s e l l u m e n . T h e e v i d e n c e f o r

t h i s 1 | b a s e d o n b r e a k s i n t h e ba s e m e n t m e m b ra ne s a n d i n t h e e n d o t h e l i a l

ua l ] i t s e l f Tha E e a s a b l l i t y  o f  s u c h  |  me c h n n i lm i l  d i f f i c u l t to c o ns id er

a n d b r e a k s S u ch a n : h o l e r e p o r  te d a r e f r e q u e n t l y ca u se d b y i n e d e q u e t c

p r e p a r a t i o n t e c h n i q u e l . T o u s e t h i ! e v i d e n c e f o r t h e p r o p o l a l o f s u c h a

m e c h e n i l m  o f r e l e n l e l e e m l u n u z r r a n t e é . Th e p r e s e n t l t u d y d o e s n o t

I n d i c a t e t h e e x i s t e n c e o f s u c h I  m e c h a n i s m Ln t h e r a t .

Ne u r o n a l  C o n n i d a r n c l o n n

M a n y  w o r k e r s h a v e o b s e r v e d c h a : w i t hS y n s p t o i d 'J_eLi c  l e l

i n c r e a s e d o t m o t i c s t r e s s 1 d e p l e t i o n  o f t h e n e u r o l e c r e t o r y g r a n u l e s CNS C)
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a n d a n i n c r e a se o f sm a l l e l e c t r o n - l u c i d v e s i c l e s o c c u r s ( G c r l c h e n f e l d ,

e r a k , 1 9 6 0 ; B e r n , e t a l , 1 9 6 6 ; Ha r  t m an n , 1 9 5 8 ; P a l s y , 1 9 5 7 ; E a t e r a n d

Lcder la, 1966; Dsniel. and Lssdcrlu, 1966; Palsy 1.955 Nrmroe 1967)

T h e t a v e s i c l e s a p p e a r i d e n t i c a l t o t h o se w h i ch h a ve b e e n  d c l c r i b e d a n

c h o l i n e r g i c ( I ) e R o be r  t i a a n d B e n n e t t 19 5 I » } . I h e l e s y n a p t i c - l i k e v e l i c l c a

h a ve b e e n t h e s u b j e c t o f m uc h d e b a t e am o ng r e s e a r c h e r s s om e f e e l i n g

t h a t t h e y c c n t a l n n e u r o t r a n s m i t t e r s u b s t a n c e s s u c h a n a c e t y l c h o l i n e

et a l , 1960) Uhilc others have suggested th e po ss ib il it y{Gerschenfeld

t h a t t h c l c v e l i c l e l a r e s e e n a s a r e s u l t o f r e l e a s e o f h o r m o n e a n d

r c prnsc nt remn ants or  f r agme nts  of the neu roae c rc tor y  gr anu les (Knowles
\

and Bern, e l  a l 1.966 S ch a r r e  r an d R a t e r 1969)

S y n a p t i c - l i k e v e s i c l e s r a n g i n g Ln s i z e f r o m 3 0 0 - 5 0 0  A i n

d i a m e t e r h a ve n o t b e e n  p r o v e n t o c o n t a i n c h o l i n e r g i c n e u r o t r a n s m i t t e r

T h e r e f o r e i n t h i s p a p e r t h e y w i l l b e t e r m e d s y n a p t o l d .

no elucidate the r ole  of choliner gic neur oI n a n e f f o r  t

t r a n s m i t t e r s i n th e p a r a n c r v o i u c o n s i d e r a b l e w o r k h a s b e e n d o n e b y

L a B e 11 a , B i n d l e r a n d co w o r k e r s . T h a i : f i n d i n g o f c h o l i n e a c e t y l a se i n

th e p o s t e r i o r p i t u i t a r y (1 . a 8 |: l L a , 1 9 6 8 ) c o u l d b e i n d i c a t i v e o f n c h o l i n

I t s en z ym e a c t i v i t y , h o w e ve r r e l a t i v e t o t h a t i n b r a i ne r g i : m e ch a n i sm

and  other  k nown c ho li n erg i c ti na u an ,  wa s o f  a lo v o r d e r  a n d  a  r e la t i ve l y

la rg e p ro po r  t i o n u al  o f t h e  n o n s p e c i f i c  o r  b u t r y l  v l r i a t y ( le e L 1Ba 11l

L.aBe11a (1968) repor  t ed that acc ty hh oit nc lt er s ue  h al been found1955)

i n th e p a t s n a r v o l a b u t a t a b o u t 1 / 1 0 t h th e e n z ym a t i c a c t i v i t y o f b r a i n

a n d t h a t b u t q r l c h o l i n e s t e r a se 1 | a l s o p r e se n t a t l l i o u t th c l sm c La va l .

Fr om cent r ifugat io n studies Laliella indicated chu: :hole.ss the bra in
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lublt snc e l ma y  be asso c iated wi th a  membrano ul c ompo nent The presenc e

of  a c e t y l c h o l i n e in  t h e  b ovi n e  p o ste r i o r  lo b e  h a s  l l l o  b e en  s h o wn

(LsBe11a, 1968) an d i s c ac i xn a c c é  c o  b e  US  to  U1 0 tha t found Ln bc ef

I t a p p e a r e d t c b e l o c a l i z e d i n t h e f r a c t i o n s c o n t a i n i n gc e r e b r a l c o r  t e x

neu ros ec r etor y  I n d mic roveli c ular  c o mpo nen ts th u s  p r o vi d i n g  i t r o n g

suppor t f o r  t h e  h y po th es i s th a t t h e  lm n l l c l e a r  ve s i c le s in  t h e  en d i n g :

ar e  "s y n a pt i c "  a n d  t h a t th e y  d o  c o nt l i n  a c e t y l c h o l i n e .

T h e f i n d i n g s c o n c l u d e d t h a t t h e " c h o l i n a r g i c t r i n i t y " i . e .

a c e t y i c h o l i n c , a c c t y l c h o l i n e s t e r a s c , a n d c h o l i n e a c e t y l a s e , w e r e a l l

p r e s e n t l n t h e b o v i n e p o s t e r i o r p i t u i t a r y a n d t h a t t h e i r p r e s e n c e  u n :

n p p r 5 i ` i m n c e 1 y Ln t h e s am e p r o p o r  t i o n s a s i n t h e b r a i n b u t a t about 201.

h .

o f t h e i r c o n c e n t r a t i o n s i n b r a i n

Th e  a s su mpt i on  th a t s ma l le r  ve si c le s in  t he  n er ve en di ng s

c o n ta i n  t h i s c h ol i ne r gi c sy stem, wal based on the f act th a t sma l l  c l e a r

ly n ap told  ve si c le s  we re  pr e se n t an d  p r o vi d e d a  l o g i c a l plac e f o r  t h e

ac e ty l c h o li n e to be lo c a ted .

LABe.1la (1968) did not agr ee with the findings of DeRobcr  t l|

1960} th at th e  mic r o ve ll c l a a Esy naptoidand coworkers {Gcrachenf c1d

Ins tendve s i c le s ) pr ob ab ly  c on ta i ne d c h ol i n er gi c tr a ns mi tt e r  i u bs tnn c e

he  h y po th c i i z c d  t h e  exi i t e nc c  o f  s e p ar a te  s p e c i f i c  c ho l i n er g i c  n e r ve

f i b e r : i n  t h e  p o s te r i o r lobe fo r th e ac ety l c h c li nn  whi c h  h e fou nd  to be

H i s c o n c l u s i o n !  w e r e th ep r e n c n t i n f r a c t i o n s c o n t a i n i n g t h e v e s i c l e s

r e lu l t  o f  o b s e r v a t i o n !  o f  l y n a p t o i d  ve l i c l e a in  ti s su e  S e c t i on s  a n d

Rc f e l t c h a :l u b c e l l u l l r f r a u d .  o n ! o f t h e b o v i n e p o s t n r i o r p i t u i t a r y

t h e  ve l l c l e l  r e f e r r e d  n o  b y  mo l t  a l  l y n n p t l c  ve l l c l c n in  t h e  en d i n g :
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wi th th e NS G we re i n stea d "g ho sts "  of  t he  NSG In cen t r i fug lt  lun

f r a c t i o n !  h e  o b s e r ve d  a p p a r e n t  ve l i c u l l c i o m o f  4 0 - 8 0  mi l l i mi c r o n

dilmeter These  wer e oc c ur r i ng i n NS G wh ic h had lost t h e i r  a l c c t r o n

oplc l ty  a nd  e xh ib i t ed  mnmbr an c  br ea k:

T h e p r e se n t w o r k su p p o r  t ! i n  p a r  t , l e v c r a l L n t e r p r e t i t i c n l .

T h e : m a l l c l e a r  v e s i c l e s s e e n Ln t h e e n d i n g s a r e b e l i e v e d t o b e s y n n p

t o i d ( G c l f u c h e u f e l d , e t a l , 1 9 6 0 ) a n d t h e c l e a r v e s i c l e s a r e  m e m b r a n e

r emna nts  o r  " gh ost s" (Holmes and Knrnr lc s 1960 Knowles, 1963 L c d e r i a

1963; LaBella 1963) Gerschenfeld, ct al. (1960) have assumed that the

numero us ves i c les th e y  n a w i n  o s mot l c n l l y  l t r c l l ed  a n i ma ls  we r e  th e  l a me

as those in the normal. Th e f i n d i n g : i n t h i s s t u d y l h a w t h a t t h e y a r e

u.

d i f f e r e n t , i n  s i z e , membrane wid th and pac k ing densi ty ( f i g l 9 l9 30

s u d Q i ) I t i s t h e  o p i n i o n  o f  t h i s  w r i t e r  t h a t : hc inc re as ed  ve si c les

nc c n  a f  te r  dc plet i o n of  t he  NSC  a re  n ot the same as tho se  wh ic h : r e  se an

in the nor mal pats uer vosa T h u s t h e f i n d i n g s o f (H o l m e s a n d K n o w l e s

1 9 6 0 ) Kn o w l e s ( 1 9 5 3 ) a n d L e d c r i s ( 1 9 6 3 ) w o u l d ~ . » n o b e v a l i d w h en th e

f  a c t o f t h i s d i f f e r e n c e i s c o n s i d e r e d .

Th e hy po th es i s  o f  La Sa ll e (1968) th a t c h ol i ne r gi c component:

are  i n a s ep ar ate  n er ve  en di ng  wo uld see m c o mp letel y  unf ou nd ed hi sto-

l o g i c a l l y  s i n c e  t h e r e ll  n o  e vl i l e b le  e vi d e n c e  s u g g e s t i n g  t h e  e xi s te n c e

of  n er ve f i b e r s in  t he  p er u ne rvos a wh ic h ar e se pe ra te f r o m th e  p l t u l c y te

I n d t h e N S G - c a n t a i n i n g f i b e r s Such f i b e r :  we r e  n o t  l e a n  i n  t h e  p r e le n t

l t u d y n o r h a v e t h e y b e e n  d e s c r i b e d e l s e w h e r e Hua o ccur r ance  of null

end in g: f i l le d c r nk y  wi c h  my n ap to id  ve si c le:  wou ld  b e expe c ted to o c c ur

oc c a s i on a l l y  si n c e  so me  le c t i o n s  wo u ld  i n c vi t i bl y  c u t th ro u gh  pa r  t  o f  l n
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lxon  en d in g  o r  t hr o ug h  n  n mll i ng  wh er e  t h e NSG wa re  no t present an th a t

po in t Th e ac tu al f i nd in g o f  au c h  a n  e nd in g Ln the  no rma l a nimal has

been much l c l l f r eq uent in  th i s s tu d y  t ha n  mi g ht  be  exp ec ted  eve n

assumin g that th e y  I r e  al l  c o mpo n en ts o f the slme ty pe nerve en ding

The f indin gs he re sup por  t those o f  Gersc hc nfeld  and c o workers

(1960) f o r  t h e  t o a d Ln wh ic h they  r epo r  ted  ly n npti c  ves i c le mc mb ranc

widt hs of M]  - 50 A The membrane! i n  t h i s study  were fou nd  to be 50 A

a s c o m p a r e d t o 70 - 75  : I f o r t h e m e m b r a n e  w i d t h o f t h e NSG a n d t h e c e l l

p  l a s m l m e m b ra ne s The f act that these membr anes differ in width and

s t a i n i n g i n t e n s i t y s t r o n g l y su g g e s t s t h a t th a y a r e se p a r a t e s t r u c t u r e s

a n d t h a t t h e S y n a p t i c v e s i c l e s a r e n o t m e r e l y f r a g n m m t s t i u n s o f t h e NSG

Th e p o s s i b i l i t y o f N S G  d i s s o l u t i o n  w i t h r e c o n s t i t u t i o n  o f t h e ms zm brsnns

i n t o t h e s y n a p t i c v e s i c l e s c n n n t l t b c c x c l u d u d b u t s eem s e x t r e m e l y

un lik ely Thi s stu dy  ag re es  wi th  Ho ln nn  an d Kie rn an (19610 th a t the

sy n a p t i c  ve s i c le : probably represent a  d i s t i n c t c la s s  o f  ve s i c le s

separate fr om the NSC.

R e s o l u t i o n o f th e p r o b l e m  m i g h t be p u r su e d b y v a r i t i u l mn n nn .

Th e nu m b e r o f p l e o m o r p h i c v e s i c l e : c o u l d b e c o u n t e d t o s e e i f t h e y

o u t n u m b e r t h e am o un t o f NSG t h a t w o u l d h z w : o c c u p i e d l g i v e n c n c i l n g i n

thc nor mal state One could alla c akculatc the membrane lurf acc area

o f the NSG in  t h e  c o n t r o l  a n i ma l an d th e plea mn rp hlc  ve si c les i n  t h e

dehy dr ated a nlmala  and c ompar e tota l membrane area t o sec i f a c or r e-

la ti o n c o u ld  be  ma da  c o nc e rn i ng  t h e o r i gi n  o f th e p le a mo rp h ic  ve si c le !

N e i t h e r o f t h e : h a v e c a c h u i q u u u n s e m p l o y e d l i n c e o n e U u u l d

expec t n c o nstant flow C01-rnrds th e  d i s ta l  e n d l  o f  n e u r o n !  wi t h  ;
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c o n ti n ua l bui ld up  o f  pleo mc u- ph i :  ves i c le s, i f  t h e  n xa p l n m i c f l a w th eo r y

whic h f orma c hu basi s fo r  th e  c on c ep t o f  mi g r s c i on  of  H5 G f r o m th e

h yp o th a  l a m u a 1 | co r r e c  I t I f o n e a c c e p t s : h c  h y p o t h e l i l ( D a n i e l , L e d e r i s ,

1966; le d e r i l , 1965; Bar er , 1965) that ther e a r e sve lllngs along the

these c ould c mmc eivably  be in vo lve d ln r ele asin g h ormo nes1:01.13 Thus

c l l c u la t i n n s o f  d i s ta l  e n d i n gs  wo u ld  b e  me a n i ng le s s

Plcomorph ic Ven ic lea Pleomorph ic  vesi c les were found to  var y

i n  m a x i m u m  d i i m e t e r f r o m 325 I co I 5 0 0  . K  o r  m o r e
A l c a n b c s e e n i n

moat were in th e r an ge of SDD  I to I'0 0 It able r v Thi s mig ht suggest

th a t th es e  ves i c les  we r e un d er go i ng  a pr o c e ss  of  lh r l n ki ng  an d th at the

2§ dey in te r va l  wa s the time de la y  wh ic h di s play ed  t he m at the 500 - T00

s i z e Chec ks were done i n  t h e T'  day  animals and the l i z e  o f the plnomar

p h i c  v e s i c le s  vu found to  b e  s i mi l a r no the 215 day an imal ! T h i s

p r o b a b l y  m e a n : t h a t t h e l e p l e c r m o r p h i c v e s i c l e s e i t h e r r a p i d l y s h r i n k

fr om 1500 R to the 500 - FDD 1 size o r t h a t t h e d i sa p p e a r a n c e o f th e

de p le te d ve s i c les  d o e s  n o t  o c c ur  u n t i l th e s e  ve l lc l e s  h a ve remained fo r

ar e not found in  i iz cs  s ma ller  t hn n 325 Ra w hi le The fsct that they

c ould be due to  t h e f act th a t th ey  a re  n ot re c og n iz e d s a ves i c le :  o r

th a t th e y  d o  n o t  l h r i n k fur  t her  b efore they  c i i lappc ar I n f u t u r e c x p e r i

meat ! th is  a r ea  w i l l be invest igated Tentat ivcly i t il p lan ned co

dc hy drnte and than  r c hy dr atc the ani ma ls  an d study  t hc f ate of  plc c rmorphic

ve sic le :

Kobay ashi , e t a l ( 1 96 1 )  h ave  a l so  no te d  ve si c le s  o f i n te r

m e d i a t e s i z e i n p l r l k c e t l A c c o r d i n g t o t h e i r m e a s u r e m e n t : l y n l p t  l c

vesicles wer e 3 9 0 ; in diamete r  and  them tnt cr mediac e v eli cle l, £190 5.
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T h e y fe l . : t h a t t h e o v o i d i n t e r m e d i a t e v e s i c l e ! c o u l d b e d e r i v e d e i t h e r

f r o m  s w e l l i n g o f s y n a p t i c v e s i c l e s o r f r o m  v e s l c u l a t i o n n n d b r e a k d o w n  o f

t h e l a r g e p a l e v e s i c l e s  w h i c h h a d a l r e a d y d i s c h a r g e d t h e i r  n e u r o s e c r e t o r y

In te r med ia te  v es ic le s : r e sl ig ht ly  s ma ller than those repor tedc o n te n u

i n t h i s l t u d y b u t t h e y c o r r e s p o n d e d  w i t h t h o s e o b s e r v e d b y o t h e r i u v e s t i

g a t o r : ( B e r n e t a l 1 9 6 6 ) . Th e e x p l a n a t i o n f o r t h i s i l n o t o b v i o u s b u t

o n e  m u s t r e a l i s e t h a t t h e s e e t u d i e l w e r e d o n e w i t h e a r l i e r f i x a t i o n a n d

e m b e d d i n g t e c h n i q u e i . P a l s y ( l 9 5 T ] , f o r e x a m p l e f o u n d t h e s y n a p t i c

v e s i c l e a n d NS G  m em bra nes t o b e 3 0 1 a n d 5 0  R r e i p e c t l v e l y i n t h i c k n e s s

w h i l e i n t h i s s t u d y t h e y a r e 50  K a n d To The dl ff crencea found in

membrane thlckmals due to var ious fixs t ion  v ar ia bles ar e discussed ln
u.

d c t a i i by Kar lsson (1966) an d  L i ll ibr idg e (1968) Kar lsson alla Ihoued

t h a t t h e r e a r e d i f f e r e n c e s i n  m e m b r a n e w i d t h d e p e n d a n t o n d i r e c t i o n  o f

t i s su e l e c t i o n i n g .

Th e i n t e r e s t i n g f i n d i n g  h e r e i s t h a t t h e p l c c r m o r p h i c v c s i c h e l

foundhave a membr ane width of TU - T5 A whic h cor responds to  t h a t

This luggcsci that the y : r e nud e o f s imi lars u r r o u n d i n g t h e NSC

b r n n e l a n d i t i s p o u i b k e t h a t t h c y a r e d e r i v e d f r o m t h e NSG

T h e co n c e p t : h u l y n a p t c i d v c l l c l e l l r e a d i s t i n c t : I n s t o f

vesicles in st r engthened by the following obser vat ion: The dark NSG in

n o r m a l a n i m a l s a n d t h e p l e c r m o r p h i c v e l i c l e l o f s t r e a m e d m i m s l l : r e f o u n d

a l l 110113 t h e a x o n s , a n d l y n i p t i c v e s i c l e : a r e f o u n d a n i ? i n t e r m i n a l s

A f actor  that st r engthens the idea that theme pleao f t h e n e u r o n s

mo r p h i c  ve l l c l c l l r e  l c t u a l l y  NS G " g h o s t s "  o r  r e s i d u a ls 1 | the r ec ent

fin din g tha t  ves icle:  of  5 00 -  B 00  K an d t he larger HSC mcmbrana f t lglmnt i
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: r c lo c a l i z e d Ln the name d ens i ty -gr adi ent f r a c ti o n  of  b o vi n a  s e c r eto r y

en d i n g!  ( L a Be l l a , 1963)

Axcmll Swnllings Bar e:  md Le der is (1966)  have described

s we l l i n g :  a t i n t e r v a l s in  n e rve f i be r s o f  t he  r a b bi t n eu : oh y po p hy a ia .

L e d e r i l ( 1965)  has al so r ep or  ted f i n di n g t he m f r e qu e nt l y i n the  human

T h e y  e n c l o s e t h e n e u r o a e c r e t o r y g r a n u l e s , m i t o c h o n d r i aP l .  r l n e  r u m !  I

and  n  f ew mic ro tu bu le s, and sr c  c onnec tc d by  nar row nerve f i be r s c o n

tu n i n g  p r i mn r i l y  n a u r o t u b u l c l .

1 1 1 :  o n l y  i n i t a n c c  o f  S i mi l a r  lwe l l i n g l found i n  t h e ra t i n t h e

more th an  10 00  mi c r o gr sp h t u se d i n th i s stu dy , was  th at shown in f i g

Th e o bte f ve d s we l li n g:  ar e  c o nn e c te d b y  | le n g th  o f  a  n a r r ow f i b e r

za

l l m i l a r t o t h o s e d e s c r i b e d b y B a r e r a n d L c d e r l s I t 1 | a p p a r e n t h cr ve vcr

th a n  t he s e  S t ru c tu r e!  a r e  no t  t y p i c a l  o f  a xo n !  p c r va d ln g  t h e p a r :  ne r vu s a

in  th e  r a t

Tu b u la r  s tr u c tu r e ! suc h as th a t  l e a n  i n f i g 32 and
have  not been  de sc r ibe d p reviou sly T h e y a r e f o u n d  m o r e f r e q u e n t l y i n

c e l l p r o c e s s e f o f t h e p c r i v l l c u l a r s p a c e t h a n i n t h o s e o f t h e p a r e n c h y m a

but thn i r  p res en c e Ln  th e  l a tt e r  c a nn o t b e  p r ec lud e d ( f i g s 21, za and

b l Th e s i g n i f i c a n c e o f t h e n : u n u l u l l s t r u c t u r e s i s un k nc n m They  are

ve r y  t imi la r  t o  t h c  s moo th e nd o pla smi c r e t i c u lu m le a n  i n  t h e  p i t u i c y t c

(fig. 15) i t 1|  c o nc eivab le : b n th ey  r e pr c l c ut  t he  sa me  or ga ne k le  i n

the axo nal  | : nd in §|  of th e  p o s te r i o r  l o b e Om: would expect,  however 5

to  l e n t h i s e n d op la s mi c  r et i c u lu m mor e  a vu n ly  d i s p er s e d  wi t h in  t h e n u n s

I t  a p pe a r s , i n ste ad , to  b e c on f i ne d  t o oc c as io na l f i b er s  an d  i s  du n se ly

pac ked Th e  r e a s o n f o r  i t s f r eq uent  oc c urmnc a i n  t h u  P V S  i s  n o t  c la n
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I t is conceivable that the inc r ea se d n umb en  of  s mnl l v el iclel

i n  tt i mala te d  an i mal . :  c o uld  be  a r c nu lc  o f  r e o rg a n iz a ti o n  a n ds e e n

sy n t h e s i s o f me mb ra ne m a t e r i e l . . Th e sm o o t h  e n d o p l a sm i c r e t i c u l u m  w o u l d

b e e x p e c t e d t o b e p r e s e n t i f TP NH-p re -duc 1. rx g s y s t e m s w e r e n e e d e d i n l i p i d

s y n t h e s i s f o r  m e m b r a n e s . Th e f i n d i n g o f t u b u l a r e n d i n g s i n t h e PVS b u t

n o t i n t h e p l r e n c h y m n  o f  n o r m a l a n i m a l s w i l l b e d i s c u s s e d i n 5 lntcr

se c t i o n

Hult ilmnellar  St r u ctu r as The obse r va t ion  of  mul t il lmel lar

s t  r u c t u r e s ( f i g s 1? and 37) l l  n o t  o r i g i n a l  w i t h  t h i s  s t u d y Bo d i a n

( 1963) , Holmes and Kier nan (l.96£»), Daniel :n d Leder is (1966) , and
\ .

L e d c r l ! (1965) have repor  t ed suc h str u c ture# l c d e r i a h a s s u g g e s t e d

th at the sy n ap t i c  ve si c les  s ee n  mi g ht  o r i g i na te f r o m thes e c onc ent r i c

S i m i l a r l y , Ho l m e s an d K i e r n a n ( l 96» '¢ ) h a ve a u g g c l t e d t h a tme m br a ne s

t h e s e s t r u c t u r e s g i v e r i s e t o  m e m b r s n o u s v e s i c l e s a n d u s e d t h i s l d e s s s

s b a s i s f o r p o s t u l s t l n g t h e e x i s t e n c e o f a s y n t h e t i c p r o c e s s i n t h e

d i s t a l a x o n o f t h e h e d g e h o g Knowles ha s demonlt r sted limilar  di lt ll.

v e l i c i e f o r m a t i o n i n t h e p e r i c a r d i a l o r g a n o f a c r u l t a c e a n §q_|.||.  l .  In

mant in (Knowles 19611) Dellnman (1969)  has at t r ibu ted  th ese  mu lt i

l a m e l l a r s t r u c t u r e : i n t h e b o v i n e p o s t e r i o r l o b e t o t h e d e g e n e r a t i o n o f

| x 0 | : 1 l i n  w h i c h t h e y a r e l o c a t e d . A c c o r d i n g t o h i s v i e u l t h c l e s t r u c t u r e s

r c p r e l e n t o n e s t e p i n t h e p h y l i o i o g i c a l p r o c e l a o f d e g e n e r a t i o n d u e t o

d i lu lc D a n i e l a n d L e d e r i l a g r e e w i t h t h i s c o n c e p t ( 1 9 6 6 )

M u l t i l l m e l l l r l t r u c t u r c a l e a n i n t h e p r c i e n t L n v e i t i g l t i o n d i f

5
T h e c o n c e n t r i c l a m e l l a e a r e t i g h t l yfer from those ment ioned above

p a c k e d a n d m o r e c l o l e l y r e s e m b l e  m y a l i n f o r m a t i o n This can be mc plsinad
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a n t h e b a s i s o f f i x a t i o n p r o c e d u r e s s i n c e i m m e r s i o n f i x a t i o n , as a l r e a d y

m e n t i u n e d , i s i n f e r i o r t o t h e p r o c e d u r 1

t h i s t t u d y s u p p o r  t t h e

l a m e l l a r s t r u c t u r e s a r

e s a m p  e y e d h e r e . T h e f i n d i n g s Ln

e x p l a n a t i o n  o f D e i h n m a n ( 1 9 6 9 ) i n t h a t m u l t i -

e i n v a r i a b l y f o u n d w i t h i n a r e a s wh os e o r g n n e l l c a

a r e t y p i c a l o f d e g c n c r l t i n g f i b e r s ( f i g s 17 and 37)

I t i s c a n c e i v s b l n t h a t w i t h d e g e n e r a t i o n t h e e x t e n s i v e

me m br a ne s w i t h i n t h e f i b e r s u n d e r g o d i s s o c i a t i o n an d t h i s m a t e r i a l

l t in  w e ll  kn mm ch u phosphobecomes or iented in  n lame llar f ashion

l i p i d s ch a n g e t h e i r m o l e c u l a r o r g a n i z a t i o n i n d i f f e r e n t e n v i r o n m e n t s

1967)(Clauer t

R c l c a sc N o n sp e c i f i c i t y S i n c e t h i s e x p e r i m e n t a l s t u d y u t i l i z e d

o n l y o sm o t i c s t i m u l i a n d s i n c e th e p a t s n e r vo a a i s th e r e l e a se s i g h t o f

o n e o f w h i c h  h a l n o k n o w n b e a r i n g o n  o s m o t i c s t i m u l i , o n e: v o h o r m o n e s

might expec t t o f i nd  some of th e n eu r on s d ep leted  of  ma te r i a l and some

s t i l l  c o n ta i n i n g  t h e i r f u l l . complement of  ne u ro s ec r eto r y  ma ter i al .

a l l n e u r o n s c p p e i r t o b e r e l e a s i n g  h o r m o n e e v e n th o u g h some o fI n s t e a d

th e m r e p r e se n t c e l l s w h o l e p e r i k a r y a l i e i n h y p o th a l a m i c n u c l e i w h i ch a r e

n o t p r i m a r i l y i n v o l v e d i n  o s m o t i c c o n t r o l e . g . t h e p a r a v e n t r i c u l a r

T h i s a p p a r e n t p a r a d o x h a s l a n g b e e n r e c o g n i z e d a n d l t i s k n o w nnu clei

t h a t a l l s t i m u l i b r i n g a b o u t a si m u l t a n e o u s r e l e s se o f v a so p r e ss i n a n d

o x y t o c i n ( E a t e r , c t s l , 1 9 6 3 ) , b u t Ln s v a r i a b l e r a t i o d e p e n d i n g o n th e

Th e c o m p l e t e d y n u n i c s o f t h e r e l e a s i n g E a c t o r l a r e n o t k n 0U l |l t im u l l

F o r A d i u c u l l i o n o f w o r k d o n e l n t h i s : r u a th a r e a d e r i s r e f e r r e d t o

B a r e r , e t a l . ( 2 9 6 3 ) a n d | . . aB e l 1¢ ( 1 9 6 8 ) . I t l l g e n e r a l l y a c c e p t e d t h a t

the Supraopt ic nuc leus is mainly concer ned with the pr oduct ion of
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va s o p r e s s i n : n d t h e p a r a v c n t r i c u l a r n u c l e u s w i t h t h e p r o d u c t i o n  o f

I t i s l l l o as s u m ed : h u t h a r c a r e  n o i n t e r r u p t i o n s o f t h eo x y t o c  i n

n e r v e f i b e r s i n t h e i r co u r se t o t h e p i t u i t a r y . T h u s o n e ca n e x p e c t n

g i v n n n e u r a l e n d i n g t o c o n t a i n o n e o r t h e o t h a r o f th e h o r m o n e s.

NSG S p a c i f i c l t v . T h e cv i d e n c e t h a t th e NSC sr c a sso c i a t e d

wic h the honn c mes  pro duc e d by  th e po ster i or  pi tu i tar y  c o mma f rom several.

L i g h t m i c r o s c o p i c l t u d i e s l h o v i n g a t m i n a b l e i n c i u l i o u l c a n bel O \ . i f C | ! l

I t ca n  b e d e m o n st r a t e dc o r r elated  wi t h th e NS G of  e le c t r o n mi c r os c o py

t h a t th e y a p p e a r a n d d i sa p p e a r t o g e t h e r . A l so d e n s i t y - g r a d i e n t c e n t r i

f u g n t i o n  e x p e r i m e n t s fL a Be 11 a , R e i f f c n l t c i n a n d B e a u l i e u 19 63 1 sh o w e d

t h a t f r a c t i o n s c o n t a i n i n g  h o r m o n a l a c t i v i t y  w e r e t h e f r a c t i o n s t h a t

c o n t a i n e d th e NSC.. F u r  th e r s t u d i e s ( B i n d l e r 'L.aBe1l .a an d S a m u l 1961*

L sBe l . 1n B e a u l i e u a n d R e i f f c n n t e l n 1 9 6 2 ) sh o ve d t h a t th e h o r m o n e s w e r e

p r e d o m i n a n t l y fo u n d i n se p a r a t e g r a n u l e s i n t h e n e u r o h y p o p h y s i s Th e

v a s o p r e ss i n / o x y t o c i n r a t i o i n c r e a se d p r o g r c l l l v u l y f r o m th e l i g h t e r t o

th e m o r e d e n se f r a c t i o n s , i n d i c a t i n g t h a t v a so p r e ss i n 1 | bo u n d t o  h e a v i e r

g r a n u l e s th a n i s o x y t o c i n ( se e L a Be 11a e t a l 1 9 6 3 ) .

Th e l o g i c a l q u e s t i o n i s w h e t h e r t h e r e a r e a n y v i l i b l c m o r p h o

l o g i c l l d i s t i n c t i o n ! b e t v t e n e n d i n g ! t h a t w o u l d r e f l e c t t h e h o r m o n n l

Blndlcr  and cowor kers (196?)  have foundc o n t e n t o f a p a r  t i c u l a r e n d i n g

n o much d i f f e r e n c e s i n t h e i r c e n t r i f u g a t i o n se p a r a t i o n s u s i n g c l c c t r o u

Hel lerm i c r o s c o p y , a n d t h e i r f i n d i n g : a g r e e w i t h t h o u : o f o t h e r s ( B a r e :

19 6 3)  us i ng  th i n l ec t i o n l o f  c o mma :  l c r n al l y  p re p ar e d mnte r la lLcd er il

No convincing mor phoiogicafevidence for  Inch differ ences has

bean observed i n  t h i s  s tu d y  a l t h o u g h  th e r e  u a : a s u g g e s t i o n  o f  vn r i a t i n n
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Ln  the  t i s su es  u ho se Ei xa t i ve  c o nta i n ed  s ma ll  a mou n ts  of  e thy l  e the r  o r

T h e r e l u l t o f t h e se a d d i t i o n s t o th e f  t x a t i v e a n d e c r e a se da c e to n e

ele c t r o n  o p a c i t y . I n so me  se c t i o ns  c e r  ta in  ne rve swe ll i n g:  ap pe ar ed

mor e pale tha n adjac ent  p roc es ses  b ut the f i n di ng s we re in c o nc lu si ve

Fu r th e r  s tu di e s in  t h i s  a r ea  mi g h t  b e in f o r mat i ve .

Blood V ellelu

T h e e x i s t e n c e o f f  c n e a t r a t e d c a p i l i n r y e n d o t h e l i u m i n t h e p a r :

nervoal was fi r st  da lcr ibe d by Duncan (1956) in t he c hick en, Callus

feuca t r at ionl ; r c  d i f f e r e n t than thole found in otherdomesticus I t :

o r g a n s su ch a s t h e k i d n e y (P e a se 1955) Palsy  ( 1957)  has sug gested

thlt membrancrua diaphragm: enc r ibed i n  t h e r a t , ( f i g s 1.2 and 16) ar e

f o r m e d b y t h e f u s i o n o f t h e i n n e r an d o u t e r p l a s m a l c n m a e o f t h e e n d o t h e

Th e s c l a y e r s a r e n o t e a s i l y s e e n a n d Har  t m a nn ( 1 9 5 8 ) h a sl i a i c e l l s

p o i n t e d o u t t h a t o n e ca r m o t be ce r  ta i n o f t h e o r i g i n o f t h e d i s p h r m s o n

: h e b u i l o f t h e i r a p p e a r a n c e . The p r e l c n t w o r k su p p o r  t ! t h i ! v i cw i n

t h a t a t n o t i m e  w a s t h i s b r i d g e b e tw e e n g a p s o f th e e n d o t h e l i u m r e so l v a b l e

i n t o 2 me mb ra ne l a y e r s . Bl r g m a n n a n d Kn o o p ( 1 9 5 7 ) r e p o r  t th e a b se n ce o f

p o r e s i n th e e n d o t h e l i u m  o f t h e n e u r o h y p o p h y s i s o f th e ca t an d d o g .

C a p i l l a r y e n d o t h e l l sm Ln t h e p r e se n t l t u d y r e i e m h l c s t h a t

195J; and Hartmann 1958]d e s c r i b e d b y o t h c r l ( D u n c a n 2 9 5 6 ; P l l l y

23 32 md 314] hav: beenTh e c l e a r v c s i c l e l i n t h e e n d o t h e l h m ( f i g :

1953) and haw:d c i c r i b e d a l r e p r e i c n t i n g  p i n o c y t o t i c a c t i v i t y f ? a l a d | :

b e e n l c c n t o o c c u r m o r e f r e q u e n t l y  w i t h l n c r e n l l u g se c r e t o r y a c t i v i t y

(Har tmann , 1958) T h i s i n c r e a se i n c l e a r v e s i c l e ! w as n o t l e a n t o b e
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s i g n i f i c a n t i n t h i s s t u d y  a n d t h e r e f o r e : h e P i n o c y t o t l c t h e o r y l n

q u e l t i o n e d .

Per ivsscnlar  Space

W hi le c h e pr esen c e o f  pa renc hy ma l c e ll p roc e sses in  c h e  p e r l

vasc u lar  s pac e ls  w e l l  k n o w n  i n  t h e  a n t e r i o r  p i t u i t a r y (Rinehar  t and

Fsrquhar , 1955) , Palay  ( 1 95?)  has fou nd tha t u eur ose c rc tor y  s ubs tan c e

is ne ve r  ae en in  t he  p er lvaa c u lar  s pa c e  o f  th e a eu rn hy po ph y a ia  o f the

Har  t m a nn ( 1 9 5 8 ) o b s e r v e d n e u r o n a l e n d i n g ! l n t h e PVS b u t t h e y  w e r er a t

a l w a ys su r r o u n d e d b y b a se m e n t me m b ra n e . F u j i t a a n d Ha r  tm a n n ( } 9 6 ] . ) a a u

n o a e c r e t o r y g r a n u l e s i n th e PVS o f r a b b i t n e u r o h yp o p h y a i s i n  n o r m a l . o r

a t i m u l a t e d a n i m a l s .

Th e f i n d i n g : i n t h i s l t u d y o f f r e e e n d i n g s i n t h e s p a c e i a n o t

u n p r o c e é e n t e d s i n c e  W i t t k o v s k i ( 1 9 6 7 ) d e s c r i b e s n e u r o n a l P r o c c l l o a i n

t h i s s p a c e i n t h e g u i n e a p i g  u h e r e t h e y a r e s e e n c o c o n t a i n l y n a p t i c

v e s i c l e s a n d t h e u s u a l e l e c t r o n - d e n s e n e u r o l e c r c t o r y g r a n u l e s . T h e y a r e

n o t l u r r o u n d e d b y a ba s e m e n t m e m b ra n e . U i t t k o u u k i f e e l s t h e y  m a k e

l y n a p t i c c o n n e c t i o n s w i t h t h e " l d v e n t i t l a l " c e l l s i n t h e p e r i v a s c u l a r

s p a c e .

S u c h l y n a p t i c c o n n e c t i o n s  w e r e n o t l e e n i n t h i s s t u d y n o r w e r e

n c u r o - g i i a l s y n a p t i c c o n t a c t s s e e n i n t h e o t h e r a r e a s o f t h e p e r l n e r v o u s

as r e p o r  t e d b y  w i t t k o u s k l ( 1 9 6 8 ) . T h e s e h a v e n o t o t h e r w i s e b e e n r e p o r  t e d

a n d t h e p i c t u r e ! s h a v i n g s y n a p s e s a r e u c t c o n v i n c i n g . F u j i t a a n d

Har  t m ann ( 1 9 6 1 ) s aw a f e w n e r v e e n d i n g s i n t h e P V S  o f a d r e n a l i n e - i n l e c t c d

r a b b i t s a n d a s s u~ e d t h i s t o b e t h e r e s u l t o f PVS e n l a r g e m e n t f o l l o w i n g
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injec t ion of  a dr c na llnn

A n  i n te r e s t i n g  f i n d i n g  i n  t h i s in ve st i g at i o n wa s th e  q ua u t i

t a t i v e i n c r e a se o f e n d i n g s fo u n d w i t h i n th e p e r i v a l c u l a r sp a ce o f

n sm o t i c a l l y s t r e s se d a n i m a l ! ( se e t a b l e I ) N o t o n l y w e r e t h e r e  m o r e

of them but their inclusion  element s wer e d iffer ent T h i ! v a r i a t i o n

was as so c ia te d  wi t h th e  c h a n gi n g  i n c lus i o n s o f  a xo n :  o u ti i d c the PVS

They  zppear  to c hsngu to ge th er , i n d i c a t i n g  t h a t the y  a re  po r  t i o ns of

the same ce l ls Hi th o smo ti c st r es s thc y io n t the dark NSG whic h were

re plac ed  wi t h two  t y p e s  o f  l t r u c tu r n s P l e o m o r p h i c v e s i c l e s s i m i l a r t o

t h o u : fo u n d i n t h e a x o n s a r e f r e q u e n t  l y se m ; l n e n d i n g s w i t h i n th e PVS

Th e o t h e r s t r u c t u r e s a r e t u b u l a r s h a p e d The la t t e r  a r e  s imi la r in

a p p e a r a n c e t o t h o s e s e e n i n t h e p i t u i c y t e o f f i g 15 but are prob ably

neu rOn.|l e laments The occurr ence of these tu b u la r  vu l i cle l in the PVS

o f a t y p i c a l n e r v e a x o n 1 | ta k e n a s e v i d e n c e t h a t th e se v e s i c l e s o r

t u b u l e l w h en fo u n d i n th e PVS a r e i n n c u r o n s r a t h e r th a n i n p i t u i c y t e l

The f act th at th e re  wa s  n o  s i gn i f i c an t change in the number

and appearanc e of the c e l l  t y p e s in the PVS i n  t h e ac ute oamnt i c ally

str eamed animals may in di c ate th at the ap peara nc e o f  the se en dings i n

the PVS is  n o t par t of the  u su al ac ute rele ase of  h ormo ne: Instead i t

i s p o s s i b l y a s e c o n d a r y r e s u l t o f t h e c o n t i n u e d r e l e a s e o f t h e ho r m o n e s

I f i t w e r e n s i g n i f i c a n t m e t h o d f o r t h e i r r o u t i n e r e l e a s e one Utiuld

expec t th at the ac u te ani mals would d emo nstr ate  ma ny  pro li r ur l ons  of

axc msl processes i n to  t h e PVS I r i s e v i d e n t t h a t t h c i e p r o t r u s i o n :

a r e i n name 1. sy co n c e r n e d w i t h th e i n c r e sa e i n h o r m o n e r o i e u a A n h a s

a 1 ready been ci 1| cunled t h e y . i r e q u l l f e p r o b a b l y o f t h e n i m e c e l l t y p e l s
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th at found in the parenc h y mn of t h e  g l l n d The r ela t ive  lmouut  of

tu b ula r i n c lus io n  d oe s no t seam to  be pr opor  t i onate in si d e an d  o ut s id e

th e pc r i va sc ulnr  s pa c ¢ Thi s wou ld in d i c a te c h u th e  pr e le nc e  o f  t h e

endings in the PVS i l  n o t j u l t  ¢  n lmp le  r e s u l t  o f  Ov e r p o p u l l t i o n  o r

hy per  tr ophy .

H l t t k o u u k i ( 1 9 6 T ) h a s s u g g e s t e d t h a t t h e p r e s e n c e o f a x o n : in

th e PVS  m ay r e f l e c t t h e a c t i o n o f la m e ty p e o f r e g c n a r n t i o n p r e c a s t an d

t h a t th e se a x o n s a r e e x t r u d e d i n t o th e PVS a l A r e s u l t o f e x c c a l l v c

g r u v t h

Th e e n d i n g s fo u n d i n th e p e r i v a sc u l a r sp a ce e v i d e n t l y g e t

ther e by pr otr uding through the basement mcmbratw and becoming isolated

i n th e PVS A s i m p l e o v e r p r o d u c t i o n  o f t h e f i b e r s i n n r e s p o n s e s i m i l a r

t o r e g e n e r a t i v e g r o w t h f U i t t o u § k i 1 9 6 1 ] d o e s n o t s eem t o b e a d e q u a t e t o

p r o d u c e t h i s p r o t r u s i o n s i n c e t h e s p a c e i s n o d o u b t f i l l e d w i t h a f l u i d .

w i t h i n c r e a s e d p r e s s u r e o u t s i d e t h c ba s e m e n t m em br an es t h i s s p a c c c o u l d

bc c l n n g c d a n d s p r o t r u s i o n  H o u i d n o t i n e v i t a b l y r e s u l t T h e r e h a ve b e e n

n o  m i c r o g r a p h s i n t h i s s t u d y  w h i c h c l a r i f  y  w h e t h e r o r n o t t h e e n d i n g s

f o u n d i n t h e s p a c e a r e s t i l l a t t a c h e d t o a x o n s o u t s i d e t h e s p a c e o r a r e

s u b s e q u e n t t o p r o t r u s i o n , p i n c h e d o f f a n d e x i s t i n t h e s p a c e as s i m p l e

ba g s o r s s c u . Th e l a t t e r w o u l d n o t b e L i k e l y s i n c e a n  o p e n c e l l p r o c e s s

i l u s u a i l y f o u n d t o  h a v e a l o l ! o f b c c k g r o u n d m a t r i x d e n s i t y i n d th e m e

exhibit  no such lo l ! I n s t e a d th e y a p p e a r La b e t y p i c a l n e u r o n a l a x o n s

S e r i a l se c t i o n s t u d i e s a r e co n t e m p l a t e d f o r t h e f u t u r e t o c i a r i f  y q u a :

t i o n s an t o t h e a c t u a l s i z e s h a p e a n d n t t n c h m c n t o f t h e s e i \ r a i l i n g s .

a n d 2 9 ) s ho w \ d \ s \ . s p p e i r t oH i c r o g r a p h u i n t h i ! s t u d y ( f i g s 1 0 25 28
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b e  c e l l  p r o t r u s i o n : i n to  th e  s p ac e w i r r k o u sk i f e l t that  he saw slmi lr r

o c c u r r e n c e s l u t h e g u i n e a p i g I t i s h i g h l y p r o b a b l e t h a t t h e s e a x o n a l

p r o c e l s e l i n t h e PVS r e p r e s e n t s om e a s y e t u n d e n c r i b e d p h y s i o l o g i c a l

p r o c e a l r e l s t e d t o  h o r m o n e r e l e a s e .

S a f e r ( 1 9 6 6 ) was o n e o f t h e f i r s t t o l p e c u l l t e o n t h e f u n c t i o n a l

s i g n i f i c a n c e o f t h e v i d e a n d u b i q u i t o u s p e r i v n a c u l a r l p l c e He co n

s i d e r e d i t a va s t sp o n g e w o r k o f m u c o p o l y l l c c h a r i d e o r  m u c o p r o t c i n co m p l e x

L n  w h i c h th e se c r e t e d h o r m o n e s ca n po ol . Th e c x m n s l v e n c s s o f th e PVS

h a s b e e n  v e r i f i e d b y t h i s s t u d y L a r g e  m n n t l g c s h a ve b c e n p r e p a r e d i n

whic h 1 D  to  1 2  c a p i l l a r i c i  h a ve been  fou nd to be c ompletely inter c onne c ted

by  an  c xte n si vu  p e r i va s c u ln r  l p ac e .

B a r a t [ 1 9 6 6 ] su g g e s t s t h a t t h i s e x t e n s i v e sp a ce p r o v i d c s a

p l a u s i b l e e l z p l s n s t i c m c o n s i s t e n t w i t h t h e f i n d i n g s t h a t h o r m o n e d e p l e t i o n

o f t h e g l a n d i s : m c a c o n c o m i t a n t o f d e c r e a s e d e l e c t r o n - d e n s e v e s i c l e s

( D a n i e l s n d L c d c r i s U i b b ) .

I t h a l b e e n p o i n t e d o u t ( D a n i e l a n d L e d e r i n 1 9 6 6 ) t h a t th e

t o t a l h o r m o n e c o n t e n t o f t h e g l a n d p r o b a b l y r e p r e s e n t s t h e a l g e b r a i c s um

o f r e l e u c a n d r a t e s o f s y n t h e s i s a n d t r n n s p o r t .

T h e m u c o p o l y s a c c h a r i d e s p o n g e w o r k B n r e r e n v i s a g e s w o u l d b e A

p o s s i b l e po o l . f o r  h o r m o n e w h o l e e l e c t r o n o p e c i t y  h a s b e e n l o s t d u e c o

c h e m i c a l t r a n a f o r m z t l o n l i n v o l v e d w i t h r e l e s l e .

It  u a:  p os sible to follow the buemcn:  membr ane much flr  thcr

t h i n t h e f e w  m i c r o n : r e p o r  t e d b y B a r e r ( 1 9 6 5 ) I t  h a s b ee n Eol loved ln

t h i s s t u d y f o r se v e r a l h u n d r e d  m i c r o n s I t a c o n t i n u i t y  u a l d e m o n s t r a t e d

T h i s n ch l cv e m e n c u n sc c r i b u c a dwher ever  the spac e wal me n c n rmn i f y

i
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c o t h e d e g r e e o f p r e s e r v a t i o n a t t a i n e d

P l l l y  ( 1 9 5 7 )  h a l  d e s c r i b e d  mlc r o p h lg c s  u  b e i n g  n  c e l l u la r

component of  the PVS i n  a d d i t i o n  t o  t h e f l b r o b l l l t s These hive not

b e e n e v i d e n c e d l n ch e p r e se n t s t u d y . T h e i r  p r e s e n c e m i g h t h e l p n o

e r p l t i n  t h e fu n c t i o n  o r f u e  o f  a xo n al .  e nd i n g ! found f r ee in the PVS

I j 1e P i t u i c y t e

Before che theory of neur osecr et ion was postulated lt  was

wide ly  a ssumed that the  p i c ui c y te  was th e  l i t e o f  h o r mo n e p r od u c ti o n
n

(tee Har tmann 19ss> A n  h i . l t 0 r . 1 . . c s l a c c o u n t o f t h i s t h e o r y i s o u t l i n e d

by Fujita and Har  tmann (1961) Theme au th or s  d es c r i be d  t hr e e ty p es  o f u .

p i t u i c y t e s i n t h e r a b b i t . On e o f t h e se co r r e sp o n d e d t o th e a l t r o c y t c

as dc tc r i b ed in c erebral c or  tex by  Farquhs r  and Har  tmann (195T} and

Sc hu l tz , May nard, and Pease (1958) . Ano th er  u al s i mi l a r  t o  t h c  mi c r o g l i a

(Farquhar and Har  tmann, 1957; Sc hu l tz , n t  a l 1958) Th e  th i r d u n In

a t y p i c a l a s t r o c y t e w i t h i n c r e a s e d n u m b e r s o f c y t o p l a s m i c o r g a n e l l e s .

W i t t k o v s k i ( 1 9 6 8 ) d i s t i n g u i s h e s b e t w e e n f i b r o u s a n d p r o t o p l a s m i c g l l a

c e l l s i n t h e r a t n e u r u h y p o p h y s l s . S u c h d i f f e r e n t i a t i o n  u n s n o t p o s s i b l e

i n t h e p r e s e n t s t u d y . Some p i t u l c y t e l d o a p p e a r t o  h a v e  m o r e l i p i d

m a t e r i a l i n t h e m t h a n  o t h e r s a n d o c c a s i o n a l l y t h e l i p i d m a t e r i a l v a r i e s

i n  e l e c t r o n  o p a c i t y , b u t t h e s e d i f f e r e n c e s c o u l d n o t b e a t t r i b u t e d t o

v a r i o u s t y p e s o f p i t u i c y t e a .

Some i n v e s t i g a t o r s h a v e f o u n d t h a t : h e r e a r e l l u a y a p l t u l c y t e

p r o c e a a e a l o c a t e d b e t w e e n t h e a x o n a l e n d i n g s a n d t h c o u t e r l l m i t a o f t h e

p c e r i v s s c u l a r l p a c e . T h i s h a l b c e u  d c a c r i b c d u a g l i a l " c u f f " ( B e r n ,

C
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c l : n l , 1 9 6 6 ) i n t h e w h i t e - c r a m m e d s p n r r c r u . G l i a l i n n c r p o s i t i o n  h u a l s o

b e e n r e p o r  t e d i n t h e p a r a k c a t ( K u b l y l s h i a t a l , 1 9 6 1 ) , a n d t h e r a t

( P l l l y , 1951) Th e  ll g n l f i c a nc e  o f  t h i s  a r ra n g eme n t l l  n o t c le a r  t o

th e se i n v e s t i g a t o r s , b u t s i n c e p t t u i c y t e p r o c e sse s e x i s t b e tw e e n t h e

s e c r e t o r y c e l l s a n d t h e b l o o d s t r e a m , i t i s s a n n m d " h i g h l y p r o b a b l e

that glia mediate"  hor mone mlcase (Bern, et a l 2966) This f aint lon

s h i p  w a s n o t o b s e r v e d i n t h e r a t p a r a n c r v n a a Ln t h i s l t u d y ( f i g : lu 5

B and 250 a l t h o u g h  g l i a l c e l l s we re  o c c a s io n a ll y  ob s e rve d  d i r ec t l y

a d j a c e n t t o th c b a se m e n t me mb ra ne The method by \r hich thin mediat ion

r a k e : p l a c e , o r t o  w h a t e x t e n t i t 1 | i m p o r  t a n t i n t h e p h y s i o l o g i c a l

c o n t r o l  o f  r e le a s e 1|  n o t known I t i s o b v i o u s t h a t th e se c e l l s a r e

m c t n b o i i c n l l y a c t i v e a n d r e c e n t f i n d i n g ! h a ve a u g m e n te d i n f o r m n t i o n

c o n c e r n i n g t h e m . S u nd e e t a l ( 1 9 6 9 5 h a v e s hc nm t h a t o s m o t i c a l l y

s t r e ss e d r a t s sh ow a n i n c r e a se i n u p t a k e o f 311 -u r i d i n e i n t o RNA Ra d i o

l u t o g r a p h y s h o we d t h a t t h e l a b e l was l o c a l i z e d p r i m a r i l y i n t h e n u c l e a r

r c g l c r n o f p i t u i c y t c l i n c o n t r o l a n d o l m o t i c a l l y s t i m u l a t e d a n i m a l ! This

i n c r e a se w i t h s t i m u l a t i o n d i d n o t o c c u r i n u i m i l n r i y t r e a t e d c c r e b r l l

c or  t ex or  hy p othnl xmic ti s su e s l i c e s Thui a st imulus producing

i n c r e a se d v n o p r e s l o r l e c r e t i c m a l so a f f e c t s RN A m e t a b o l i sm i n p i t u i c y t e a

I t i l g e n e r a l l y u su m u d t h a t f r e e r i b o so m e s a r e a sso c i a t e d

w i t h cn d o g e n o u l p r o t e i n p r o d u c t i o n a n d r i b o so m e ! a sso c i a t e d w i t h th e

e n d o p i a sm i c r e t l c u h m (r o u g h ER ) a r e i n v o l v e d  w i t h e x o g e n o u s p r o t e i n

synthesis (Hicks, et a l , 1969; Bir bec¥ :nd Mer cer , 1961) The p l t u l c y t c i

have boch ( f i g . 1.5) I t 1| p ossible that  thsr e 1|  a v it a l  me ta b ol ic

i n t e r r e l a t i o n s h i p b e tw e e n a x o n ! a n d p l t u i c y t c l mu ch th e same a s t h a t
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exis t i n g  b e twe en  Sc hu lnn  c e l ls  an d  p e r i ph e ra l  n e r ve  l xc ms Sjoit r and

has  hy wpo th eti zed  I  si mi l ar r e la ti o ns hi p  b etwee n n eu ro n s an d  g li s Ln the

cent r al.  ner vous lyatem (Sjolt r and 1960) I t il conca1.v:blc th a t  pl t u i

c y t e s p r o v i d e l u b l t r a t e u a n d / o r enz y m es n e e d e d b y n e u r o n s a n d t h a t t h e y

wor k to gether  as one mcabulic unit I t  mi g h t be  h e lp f u l l n  t h i s respeect

t o d e t e r m i n e w h e t h e r t h e y f s m c t i o n n o r m a l l y  w h e n i s o l a t e d

Si n c e  t h e  p l t u l c y te s ar e se en  to ha ve  c lo se re la t i on s h i p s co

t h e p e r i v a s c u l a r s p a c e m d t h e o u t e r ba s e m e n t m em brs ne ( K o b a y a s h i et a l

1 9 6 1 ; Be r n e t a l 1 9 6 5 ; f i g s . 33 , &G a n d <»l.) 1 : 1 | p o s l l b l e t h a t th e y

a r e i n v o l v e d I n  m e t a b o l i l m  o f c a r r i e r p r o t e i n s p e r h a p s r e l e a s i n g t h e i r

enz y m es i n t o t h e PVS w h e r e t h e s u b s t r a t e i s a l s o r e l e a s e d .

s .

Th e n e r v e e n d i n g s w h i ch a r e i n c l o se p r o x i m i t y t o th e p i t u i

a r e kn o sm n o  h a v e a h i g h l y a c t i v e he x o e e m cm o p h o sp h a tc sh u n t , n lc y t e s

evid e nc ed  by  a  hi gh  C- 1f C -6  gluc o se  o xid at i on  r a ti o (Krs¢¢ and LaBc 11;

1965) Because elevated C-l. /C-5 r at ios have been found in all  e ndo cr ine

t i s su e s ( se c L sB a l l a 1 9 6 8 ) , an d b e c a u se t h i s h i g h r a t i o i s p r e se n t Ln

t h e p u t s n e r v o s a b u t n o t i n t h e p a r a v e n t r i c u l a r n u c l e u s { K r a s s an d

L a ! ! e l l a , 1 9 6 5 ) i t a p p e a r s t h a t t h e p e n t o s e s h u n t i s c o n c a r n e d w i t h

h o r m o n e s t o r a g e a n d f o r s e c r e t i o n r a t h e r t h a n  h o r m o n e s y n t h e s i s .

Tha s ignif icanc e of the exte nsive d ist r ibu t ion  of fr ee r ibo

som es i n th e p i t u i c y t c n i l n o t kn o v u Rmfever , sinc e f r ee rlbosomna n e

i n d i c a t i v a o f e n d o g e n o u s p r o t c i u s y n t h e s i s ( H i c k s , o t a l L9 6 9 Bi  r b a ck

: nd Merc er , 1961) th i s f i nd in g wo uld f i t i n  wi t h  o th e r s in d i c a t i n g  t h e

mc tnbo li c a c t i vi t y  o f  t h e i r  c e l l . : R m l i p i d g r a n u l e s w h i c h u n d o u b t e d l y

r epresent s i t e !  o f  a c t i v e li p id  t ur no ve r  wou ld  n ec es si tate en do ge no us
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It  has been shau n r ecant ly that free polysomes can be involvede n z y m e s

in mcmbran~ synthesis (kagn ot t i, et  1 1 , 1969)

I f i t c k o w s k i ( 1 9 6 3 ) h a l r e p o r  t e d l e e i n g l y n s p t l c c o n t a c t s i n t h e

r at  ucu r oglia l nppos it iouu Th e le  h ave  sh o  b e e n lh on m in  th e  c e l  pa r a

uenrosl (Knowles and Vollrath, 1965) The micrographs lhowiag  ly nsp sc s

i n t h e e e l a r e m uc h m a r e c o n v i n c i n g t h a n t h o s e i n t h e r a t F u r  th e r

e v i d e n c e i s n e e d e d t o l u b s t a n t i a t e th e e x i s t a n c e o f e l e c t r i c a l c o n n e c t i o n

b c t w r n n r a t p i t u i c y t c a n d t h e a x o n s .

Th e e x i s t e n c e o f l i p i d g r a n u l e s i n r a t p i t u l c y t e l 1 | w e l l

dacxmenned (Palsy 1952' 1 9 5 8 ) a l t h o u g h t h e s e d r o p l e t s w e r eHa r t m a n n

n o t se e n i n t h e r a b b i t p i t u i t a r y ( F u j i t a a n d Ha r tm an n 1951] Th e e x a c t

c o m p o s i t i o n  o f t h a g r a n u l e s i s n o t kn cn m e x ce p t t h a t th e y c o n t s l n n e u t r a l

u n sa t u r a t e d l i p i d s ( G c r sh , 1 9 3 9 ) Th e y d o n o t a p p e a r t o b e p r e l c n t i n

si g n i f i c an t  ly  d i f f e re n t  a mo un ts in  o lmot i c a l ly - s t r es s e d  an i ma ls alt hou gh

ther e un s so me s ugge sti o n of t h i s in  7  d a y  an i ma ls .

Th e e x p l a n a t i o n  o f t h e p r e s e n c e o f t h e s e l i p i d g r a n n i e s i n t h e

p l t u i c y t e s i s unknow n. The f act that their  sur f ace is th e  l i t e  o f

accumulat ion of many small dense par t icles l i , of i t s e l f i n t e r e s t i n g

["he8e p n r  t i c i e u a p p e a r co be th e l a m e s i z e aa an d r e s e m b l e f r e e p o l y

H 2 1 1 - f o r m e d G o l g i m e m b ra ne c o m p l e x e s : r e o f  t e n o b s e r ve d i n c l o s enomes

p r o x i m i t y t o c l u m p s o f t h e s e l i p i d d r o p l e t s I t i s n o te w o r  th y t h n t t h e

G o l g i a p p s r l t u l L l f r e q u e n t l y z su o c l a t u d w i t h p o l y sa c c h a r i d e p r o d u c t i o n

(Heal: rl and LeS|.ond L966) Th e  p o s s i b i l i t y  e xi s t s than chase l i p i d

g r a n n i e s m ay i n f  a c t b e g l y c o l l p i d l o r l i p o p r o t e i n s Th e o c c u r r e n c e o f

the dar k halos at the per ipher y of the lipid g r a nu le : and : r uns of

¢.
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g r e l t e r  d e n s i t y i n  l n  i n te r e s t i n g  f i n d i n g  bu t  o f  u n k n o wn  s i g n i f i c a n c e

T h e f i n d i n g o f a c i l l u z n ( f i g 11) ln  a  p i tu i c y te  p r o c e s s i s

unulual and unprecedented S i m i l a r s t r u c t u r e s h a ve b e e n fo u n d l n th e

n e u r o n ! o f t h e l a t e r a l . g c n i c u l a t c b o d y i n r a t a ( i i n r l l i o u , 1 9 6 6 ) Schult z

( 1 9 6 9)  h as  o bs e r ve d  su c h  a  c tl i u m i n  a  s ub  p ia l  as t r ot y te in  t h e  c c r c b r a i

The fu n c t i o n a l impl i c a t i o n s of  su c h  st r u c tu re s i n  t h e le Zoc sti onsco r  te x

are obsc ure

R o d r i g u e s , e t a l ( 1 9 6 9 ) h a ve o b se r v e d d e n se - c o r e m i c r o t u b u l e !

i n g l i a l c e l l s S i mi la r  g l i a l tubulc s 6 00 A in d iameter  ha ve b ean

d e sc r i b e d L n th e w h i t e - c r o w n e d sp ¢ r r o v (B e r n et nl 1966) De n se  -c o r e

m i c r o t u b u l e s w e r e n o t l e a n i n t h i s s t u d y

Th e f i n d i n g i n f i g 15 of  an c lab orate smooth  end opla smic

r e t i c u l u m .  sy s t e m i n a g l i d . c e l l 1 | i n t e r e s t i n g I t c  l os e  l y r e s e m b l e !

t h a t se e n i n a d r e n a l co r  te x a n d t e s t e s ( F m r c a t t 1966) The funct  lotul

imp l i c a t i o n s  o f t h i s fe a tu re  o f th e  p i t u i c y t c  a r e  n o t c le l r  b u t i t 1 |

known that smooth endoplasmic re t i c u lu m c a n  b e  u s oc i st c d  wi th  en z y me !

of iip id  sy nt hes is Also e n z ym e s o f th c p e n t o l e - p h o l p h s t e l h u n t may b e

asso c ia ted  wi th the  smo oth  en dop las mic reti c ulum (Altman a nd Chay en

1966; T h i s i s c o n s i d e r e d a n i n d i c a t i o n o f t h e  m e t a b o l i c n a t u r e o f th c

p i t u l c y t e l

Th e e x i s t e n c e o f a p i t u i c y t e u n d e r g o i n g  m i t o s i s ( f i g 35} was

a n o t h e r u n e x p e c t e d f i n d i n g The occurr ence of this in an animal thir ated

f o r 295 d a y s m i g h t b e r e l a t e d t o t h e m e t a b o l i c n c t i v i t y This would be

l n o t h e r i n d i c a t i o n t h a t p l t u i c y t c a c t i v i t y 1 | i n c r e a s e d  w i t h i n c r e a s i n g

n e u r o n a l a c t i v i t y



65

Extrace 11u1ar Space

One unusual f eature was th e  e xt r a o r di n a r y  : mo u nt  o f  e xt r a

I n c o n t r o l a n i m a l ! t h i s  u s acel lular  spa ce found in the plr  t  n er vota

f o u n d c o v a r y h e t w c a n l G . l ! . an d 14 . 87 . o f t h e t o t a l vo l u m n o f t h e t i a t u e

a l e l t i m a t c d b y t h e p o i n t s a m p l i n g  m e t h o d d c s c r i b e d e a r i i e r The

presenc e of  so muc h spac e i l  s u r p r i s i n g  f o r  h m r e a s o n s F i r a :  , : h e

c er ebr al  c o r  tex a nd oth er  pa r  ts of th e c en t ra l n er vou s sy ste m in

19sr.) aresimi la r ly  f i x ed  a n ima l ! (Kar lsson, Schult z fo u n d t o ccm ta  i n

v i r  t u a l l y n o e x t r a c e l l u l n r s p a c e a n d  m o s t a d j a c e n t c e l l p r o c e s s e s : r c

In se ver al animals in  t h isf ou nd to be ap p os c d wi t h  t i gh t ju n c t i o n !

l c u d y c e r e b r a l . c o r  t e x  w a s a l s o  e x a m i n e d a n d f o u n d t o c o n t a i n I l t t i e o r

in no other  study of the neufohypoS e c o nd  l yn o  e x t r a c e l l u l a r s p a c e

t h e p i c t u r e s i n  v i r  t u a l l y a l lphy als has ECS been emphasized I n d e e d

oth er l t u d i c a show reh ti ve ly  c lose ly  n ppoa ed p iasma me mbra nes and l i t t l e

The amount of ECS found in t he neu r al lobe Ln thisex t  ra c e  I  l u  l a r s p a c e

study tends t o  f i t  w i t h th a t  wh i c h  p h y a i o la g i s ts  c al c u la te  sh o u ld  b e

present i n  t h e  n e r vou s  s y s te m L n o r d e r  t o  e xp la i n  t h e  e xt r a c e l l u la r i o n

po o l .

T h e e x p l a n a t i o n f o r t h e ECS i a d i f f i c u l t b u t i t La H u l l k n o w n

t h a t t h e a m o u n t t o f s p a c e c a n b e c h a n g e d b y v a r y i n g f i x a t i o n  p r o c e d u r a l

( S c h u l t z a n d K a r l a a o u , 1 9 6 5 ) . O ne m u s t e v a l u a t e f i x a t i o n t e c h n i q u e ! o n

t h c b a s i l o f a a v a r n i c r i t n r l a a n d i t h a s b e a n f o u n d i n t h i s s t u d y t h a t

th e t ac h ni q uc l u le d  r e lu l t e d i n  r e l s t i ve l y  " g o o d " f i x a t i o n Since there

w a r e r a r e l y i n d i c a t i o n s o f p o o r f i x l t i c m i t c a n b e n l u m e d t h a t th e

: m o u n t s o f l p s c c f o u n d i n t h i s l t u d y  m o r e c l o i e l y r e s e m b l e t h a l i v i n g
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c o n d i t i o n t h a n t h o s e r e p o r  t e d p r e v i o u s l y Indead, other s show that

vi r  t u a l  a b s e n c e  o f  e xt r a c e l l u la r  a p a c e  r e a u l t a  wi t h  t h e  p o o r  f i xa t i o n

tec hniques they  employ ed, auch aa immers io n o f  t he ti s su e i n to  t h e

f i xa n i ve in s te ad  o f  pe r f u s io n  o f the f l u i d  t h r o u g h the  vasc ular  sy stem

Th e  f i n d i ng s  s up p o r t o b se r va ti o n s  o f  o th e r ! t h a t  a t  n o  t i me

does one f i nd  NSG o r  ves i c le s in t he E CS, but th a t t h e y  I r e  a t  n i l  : i n c l

lur r ound ed by  c ellu lar  pla sma membran es.

The possibilit y cnnnoc be ruled D\. t that :h e ex t r ac el lu la r

lp a c e s e e n i n  t h i s  s tu d y  c o uld  r ¢p r e se n t  a p a thwa y  f o r  th e  r e le a se  o f

hormone I t is conceivnbln that the hor mone could diffuse out of  t he

c e l l p r o c e s s e s a n s t c e a o t h e r t h a n j u x t a ~ c a p i 1 1 a r y o r p c r  t c a p i l l a y

l o c a t i o n s a n d t h a n  m a l c c u l a r i y d i l p c r s c a n d be s e c r e t e d t h r u t h e p e r i

c a p i l l a r y s p a c e a n d e n d c t h e l i u~ i n t o t h e l u~ e n . T h i s p o s s i b i l i t y i s

s u p p o r  t e d b y t h e c o n t i n u i t y t h a t e x i s t s b e t u t u n t h e ECS a n d t h e 5 0 0  R

2 0 0 0  R g a p  p r e s e n t b c t u e c n t h e c a l l p r o c e s s e s a n d t h e o u t e r ba s e m e n t

mc  extensi ve sp ac e: f o u n d  i n  t h i s s tu d y  u a u i dme mb ra ne o f t h e PVS

r epresent the  a nn tomic nl basi s for  su c h a p athway

A n o t h e r p o s s i b l e e x p l a n a t i o n f o r t h e f i n d i n g o f s u c h e x t e n s i v e

ECS i s t h c c o n s i d e r a t i o n o f t h e f  ac t t h a t t h e n e u r o h y p o p h y s i s i s o n e

pa r  t o f t h e n e r v o u s s y s t e m  w h i c h d o c s n o t e x h i b i t t h c u s u s l b l o o d - b r a i n

b a r r i e r ( B a r a t 1 9 6 5 ) . I L h a s b e e n p o i n t e d o u t b y B s r e r t h a t w h i l e t h e

n e n r o h y p o p h y s i a i s d e r i v e d f r o m  n e r vo u s t i s s u e , i t s v a s c u l a r  o r g a n i z a t i o n

i s q u i t e u n l i k e t h a t o f o t h e r pa r  t s o f t h a n e r v o u s s y s t e m  a n d c l o s e l y

resembles th a t o f  o th er  e nd o c r i n e o r ga n : O n t h i s b a s i s i t m i g h t b e

assumed that t h e  e xt r a c a l l u ln r  s p n c c  o f  t h e  p o s te r i o r  l o b e  o f  t h e
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p i t u i t a r y  m i g h t s l l o r e z c t d i f f e r e n t l y t o f i x a t i o n a n d t h a t t h a n

e x t r a c e l l u l a r l p a c c La l i f e  m y b e e n t i r e l y d i f f e r e n t f r o m t h e c e n t r a l

n e r vo u s s y s t e m .
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I n a n  e l e c t r o n  m i c r o s c o p i c s t u d y o f th c p o i t e r l o r  p i t u i t a r y

gland 60 Spr agua-Davlcy r st l were uned H o r p h o l o g i c s l e v i d e n c e o f

h o r m o n e r e l e u e  w a s s t u d i e d I n d q u a n t i t a t i v e m e t h o d s , u s i n g t h e p o i m :

c ou nti ng tec hni que ,  were  al so emp loy ed On e e x p e r i m e n t a l g r o u p c o n s i s t e d

of  a ni ma ls c h ro n i c al l y  s t r e ss e d  b y  u nte r  dc p r i vu l t i o n  f o r  var y i ng  p e r i o d s

A second group of anlanals was acutely st r essed by slowlyof time

infusing hypcr  tonic saline int o t he femoral.  vein

T h e a n i m a l s w e r e l e c r i f i c e d b y p e r f u l l a n f i x s t t o n  w i t h p h o t -

p h a t c b u f f e r e d 3 1 g l u t a r a l d e h y d e a n d t h e p a r ! n e r v o s a was p o s t f i x e d L n

p h o s p h a t e b u f f e r e d 1 1  a s m l u m  t e t r o x i d e . F o l l o w i n g e m b e d d i n g i n V c n t c p a l

t i s s u e s w e r e s e c t i o n e d a n d s t a i n e d  w i t h l e a d c i t r a t e a n d u r a n y l a c e t a t e

a n d e x a m i n e d w i t h a S i e m e n s LA e l e c t r o n  m i c r o s c o p e .

I n th e c h r o n i c e x p e r i m e n t a l g r o u p a m a r k e d d e p l e t i o n o f n e u r o

s e c r e t o r y g r s n u l e s (NS G ) o c c u r r e d b e g i n n i n g b c t v c e n 1% a n d 215 d a y ! a f  t e r

At the end of T d ays  o f t hir st the numberv i t h d r n w n i o f d r i n k i n g  u a t c r

of  n erve  en ding !  c onta ini ng NSG drop ped to  5 1 o f the normal l e v e l

Accompanying the drop in dark NSG in the chr onic animals was l

c o n c o m i t sn t i n c r e a se i n t h e e l e c t r o n - l u c c n t v e s i c l e s w h i c h a r e S m a l l e r

Th e s e p l e c r m o r p h i c v e l i c l c l a r e i r r e g u l a r i n  s i z e a n d s h a p ethan the NSG

Ev i d e n c e 1 | p r e i e n t c d t o su p p o r  t th e v i e w t h a t th e I n - I l l

s y n n p t i c - l i k e v c l i c l e s p r e s e n t i n t h e n o r m a l n n i m n l n c l d i s t i n c t : k a n

o f v c l t c l e a n d a r e d i f f e r e n t f r o m t h a NS G : a n d t h e p l c o m o r p h i c v e s i c l e s .

Obse rvat i ons in d i c a te t lmt the  pl c a mor ph ic  ve si c les  s een  a f  t er

hormone release : r e  NS G- r u i d u s l  w a l i c l e l  md  r e p r e s e n t  " g h o s t s "  o r

68
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re mu nc :  o f  th e h or mo ne - c o ntai n in g NS G : nd  a re  pr ob ab ly  no t l y n ap ti c

ve l i c l e s End in gs  c on ta in in g pleo mo rp hi c  ve si c les  a re ra r e l y found i n

n o r m a l sn i m l l l b u t Ln c h r o n i c a l l y d e h y d r a t e d a n i m a l s th e y a c c o u n t f o r

2 6 1  o f t h c t o t a l I r a n .

O c c a s i o n a l l y t u b u l a r c i s t c r u a c p r o b a b l y  o f l m o o t h e n d o p l a s m i c

r e t i c u l m n , \ r e n : s e e n i n t h e a x o n s o f b o t h  n o r m a l an d c h r o n i c a l l y s t r e s s e d

animals These i r r e g u la r  t u b u la r  s t r u c tu r e s appeared more f r eq u en tl y

i n st r e ss ed an imals a nd  wer e p re se nt i n axo ns i n  : h e ws  a s  we l l  a s i n

the parenchyma T h e y  w e r e r a r e k y m e n  w i t h i n p r o c c u c n c o n t s i n i n g o t h e r

was ic ular  c omponent! I t  wa s c o n c lu de d tha t the y  r epr ese nt  1.  pr evi ous ly

undesc r ibc d  meta boli c phase o f  hormone re lc nsc , sinc e they  were muc h
s

m o r e n u m e r o u s i n s t r e s s e d a n i m a l s

Th e e x i s t e n c e o f n u m e r o u s a x o n a l s v e l l l n g i a s d e sc r i b e d f o r t h e

r a b b i t a n d h u m a n  h u n o t b e e n o b se r v e d , w i t h o n l y o n e i n s t a n c e o f p o ss i b l e

a x o n a l s u r l l l n g s e e n .

Th e p e r i v a sc u l l r sp a c e ( W S ) i n  n o r m a l a n d e x p e r i m e n t a l l n i m l l l

i a interposed between two halc ment membranas Bach membrlnc ls cont inuoui

r a r el y  c u dn i bi c i ng  br e ak s  o r  d i s c o n ti n ui t i e s , and c an be fol lo wed  wi th ou t.

i n te r ru p t i on  f o r  mvc ra k  h un d r e d mi c ro n s .

The w s is  k n own  to c on tai n f i b r o b la st s  a n d  c o l l a g e n T h i n

lt u dy  sh o ve d  th a t a xo n a l p ro c es s e s a re  al s o  p r es e nt  : nd  ha ve n o  s lee ve o f

b l l e m e n t me mb r an e a r o u n d th e m I n  n o r m a l s u i m l l i : h c  m a j o r i t y o f t h e s e

p r o c c l l e l c o n t a i n d a r k  NS G Fibers unc h :h u e g ra n ule s a c c o un t for  a bo ut

121 of the to ta l PVS I n  c h r o ni c a ll y  st r e ss e d  a n i ma ls the NSG-c ontaining

f i b er s  o c c u p y  o ni y  a p pr o xi mate ly  27 .  o f  t h e ws whi l e c h e  t o ta l f o r  z xo n s l
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proc c sies inc reased from 222 in  n o rma l a ni mal ! t o 337. The TNPO rtsnce

of th i s f i n d i n g i s di sc ussed in  r ela t i o n  t o h o rmo n e rele ase

T h e PVS l n b o t h n o r m a l a n d c r p e r l m e n t n l a n i m a l s U B I f o u n d n o

i n t e r c o n n e c t e x t e n l i v e l y , fo r m i n g a n  e l a b o r a t e n e t w o r k T h e p e r c e n t a g e

o f to ta l : r ea  oc c upie d by PVS did. not change l i g n i f i c s n t l y  w i t h  o s mo t i c

The fxmc t io na l imp l i c a t i o n s  o f  su c h an extens i ve Spac e ares t r e s s

discussed

T h e p i t u i c y t e s o c c u p i e d a b o u t 1. 61 o f t h e t o t a l a r e a o f t h e

p o s t e r i o r l o b e i n n o r m a l a n i m l l s a n d t h i s f i g u r e d i d n o t c h a n g e a i g n i f i .

c a n t l y  w i t h c h r o n i c o sm o t i c l t r e l l Th e g l i a l c u f f s r e p o r  te d by some

l n v e l t l g l t o r a t o l i e b e tw e e n |. x o n a i e n d i n g s a n d th e PVS w e r e se l d o m sc a n

Th e r o l e p i t u i c y t c a p l a y i n h o r m o n e r e l c a l c r e m a i n s o b sc u r e

b u t a c v a r a l i n d i c n t  i o n s o f m e t a b o l i c a c t i v i t y i n th e se c e l l s w e r e

o b sc  r vcd

An unnxpectcd finding was the existance of about N1  e xt r a

c e l l u l a r s p a c e w h i c h d i d n o t v a r y c o n s i s t e n t l y  w i t h e x p e r i m e n t a l c o n

d i  t  i o n s Tissue fr om the cer ebr al cor tex of these same animals vas

examined and c onta ined very l i t t l e  e xt r a c e l l u l a r  s p a c e Th e s e f  i n d  i n g !

a r e d i sc u sse d
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Fi gu r e 2 Normal par a nervous x 2,500
A l o u r  p o w e r  m i c r o g r a p h d e m o n s t r a t i n g t h e e x t n n l i v e a x t n

c e l l u la r  s p a c e (ECS) md  p e r i v u c u l n r  s p a c e (W S) Th e  n u l l  d a r k

gr u xu lu  V i l l h i n  th e  a xo n :  : n d  t h ei r  e n d i n g :  c m h or mo n e - c o n ta i n i n g

neu ron ec ret i on  g ran ula a.
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Figure 3 Normal p an mnrvoaa x 2,400
Fiv e c np ill lr i lz l a r e de mon st r at ed which  ar e a ll ln ta r

c o n n e c t e d b y t h e p c r i v a s c u l a r s p a c e ( W S ) Th e  p i tu i c y te (P)

d e m o n s t r a t e : n u m e r o u s l i p i d d r o p l e t s ( L ) w i t h i n i t s c y t o p l a s m N o t i c e

thu f i b r o b la s t (P) and i t s  n u c le u s in  th e  u p p er  r i g ht  h an d  c o rn e r
5

l o c a t e d  W i t h i n t h e p e r i v l l c u l a r s p a c e L x o n a l e n d  i n g : c o n t a i n i n g

n c u r o s e c r e t i o n  g r a n u l e : ( a w w ) a r e d i a t r i b u t e é  w i t h i n t h c p n r i v s l c u l a r

space
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P i g u r a 02 Horms l par a ner vous 1: c.1,2oo
A nu cleu s of  a n en do th el ia l ca ll ll  s e an  a t lower le f t (E)

surrounded by an inner basement membraaa (EH)  which for m: tha border :
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mcmbratu: Th e a y u n p t o i d v e s i c l e s ( S ) a r e s e e n c o b e d e n s s l y p a c k e d

a n d r z g u l l r i n s i z e , a p p e a r a n c e a n d s h a p e T h e HSC a r e c s m i o p h i l i c

an d ar e u| u 1I . 1 y  c la mp ed  tng u th er  r athe r  t ha n di l tr i b uted  amon g th e

l y n a p to i d  ve s i c le s . Ho t i c c  t h e  c o l l a g e n  f i b e r :  t e a n  i n  c r o n  s e c t i o n

wi th i n  t h e WS.
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x 100,000Ro n a !  p s r o  n e u r o nFi gu re  5

A  h i g h  p o la r  vi e u  o f  |  n e u r o n l l  e n d i n g  s d j a c e n t  t o  t h e  ws

A  lo n g i t u d i n a l l y  u c t i o n a d  c o lh g e n  f i b e r  d e mo n s t r a te s i n  p e r i o d i c i t y

Th e  s y n n p to i d  vu i c le n (S) ar e de ns ely  pa c k ed  l ad  r eg ular l n( c a)

s i z e a n d  s h n p e m d  h a v e |  n l n b r a m t h i c k n e s s o f a b o u t 5 0  R Thule

nn i b r l n a l d i f f e r  ' l . n | i . ¢ e md  s ta i ni n g  q u n l i t j f  f r o m th e  me mbr a n e s  o f

Two mi toc ho ndr ia a re sean  at t h e  r i g h tt h e  H S C s e e n  b e l o w
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x 75,300Fi gu r e 6 Normal p r ra xmrvusa

Th e  p e r i vl l c u la r  s p a c e  ( W S )  d e mo n s t r a te s  l  t h i n  f i b r o b la s t

p r o c u l  a n d  c o l l a g e n  f i b r i l s  i n  c r a s s  s e c t i o n The gap seen between

a x o n a l e n d i n g s a n d t h e PVS i s a  c o n s i s t e n t f i n d i n g No t i c e t h e  my e l i n

l l k c for ma ti on ( a r r o w)  wi t h i n  t h e  l xo u l l  e n d i n g . Sy un ptoi d ve si c les

ar e  s ee n  a t t h e r i g h t (S) u  w e l l  n l  l  mi t u c h o u d r i o n  0 1 )

5
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Nor ma l par t ne w o n x 36,500F i g u r e 7

A pi t ui c y c e 1|  : e e n  c o n ta i n in g  smo o th  en d o pln mic  r et i c ulu m

( a r r o w ) , m i t o c h o n d r i a , a n d r a n d o m l y s c a t t e r e d p o l y s o m e ! The axon

r u nn i ng  d i ag on a ll y (A) i s  s e e n t o  b e E1 1 1 ed  wi t h  l on g i tu d i na l l y

di spos ed ue urotu bulea (INT). Oc c as i on a l ly  ne u ro le c r e ti o n g r an u le !  a r e

le a n {HSG) a l th ey  mig r xts  t owar d th e a: on §T`¢ nd in g

: y t c  p ro c e ss e s a r e s c a n  at  up p e r  r i g h t (P) .

Nux nn rous p l t u i





101

x 13,100Fi gu re  8 Normal par t n eur ons

A xo n n l  e n d i n g :  s u r r o u n d i n g  t h e  o u te r  b i lmz n t  i n n b n n n  o f

t h e PVS s e m  t o  b e d e v o i d  o f RSC u t h e y t e r m i n a t e a g a i n s t t h e h u e

m e n t  m e m b r a n e W i t h i n t h e W S a r e f o u n d a x o n a l e n d i n g s , s om e c a n

ta i n i ng  n e umle c gp t i o n g r n nu la n (NSG)  a n d o c h a n wi t h t ub u la r

l t r u c tu r e l (T) .



0
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F lgure 9 Norma l par a ner vous x 33,500
Sy xu p to i d  vz l i c l e n  n a  d n n lc l y  p a c k e d (S) md c an  de mon str ate

a he xag o nn l  s tr a y  ( st r aw) A p t t u l c y te  pr o c e s s  wi t h l i p i d  d r o p le t s

an d  e n d op la s mi c  r e t i c ulu m i l  s e e n  a t r i g h t (P)

1 .

}
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x 19,300Fig ur e 10 K o r u n i  p u t t  n e u r o n

Th a  p ar i vu c u ln r  s p a c e s u r r ou n d s  1  c a pi l l a r y  ( C ) and c ontains

c e l l u l a r  a l c n n n u in c lu d i n g  t h e f i b r o b la s t (F) md neu ro nal  pr oc ess es

Th e  l t r ml  i n d i c a te l  t h e  t e r mi n a l  p o r  t i o n  o f  a  f i b e r  s e e mi n g lyNP

p e n e t r a t i n g i n t o t h e PVS

\



I
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Fig ure 11 No r i l l  p a n  n n r vo s a :L 30,600
Th a  f i n d i n g  o f  a  c i l i n n  ( C l )  wi t h i n  t h e  p a r :  n e r vo u s  h u

no t bo o n r c po r ta d ¢l | }Ul| ar ¢ T h a l h n f  t o f t h e c l l i n n 1 | c u t Ln

l o n g i t u d i n a l  : a c t i o n  a n d  r v n a l l l o n g i t u d i n a l l y  d i l p o l s d f  t l n n n t a

Th a  bu n !  c o r p ua c le (B) i s  l h on m I t  a p p a ar n  t h a t t h a  c l l l u a  1 |

l o c a t e d  u i t h i n a p i t u i c y t n p t o c l l l

5
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Fig ure 12 Norms!  para msrvoaa x 35,000
A n  e xa mp le  o f  c e l l u la r  p mt r u l i o n  i n to  t h e  P V S  1 |  ma n

H o t i c e t h e : v o p r o c c l l e l o f t h e a x o n  p e n e t r a t i n g t h e b u e m e n : n n m b n n e

bm The in ne r  an d  o ut s:  ba se me n t me mb r an e:  a r e plai n ly  vi s i ble an d

th e  d i a p h r m b r i d g i n g  a  f e n u t r a t i o n  i n  t h e  e n d o th e l i u m i n  p la i n l y

V l l i b l e (Fe) S p a r c c c o l l a g e n  m a t e r i a l i n c r o n a n d l o n g i t u d i n a l
5

le c t i a n c a n be  o bs er ve d i n  t he  P VS

I  lg ur c 1 3 x 3a,sooNo r m a l  p l r l  m r v u u

T h e sh e e t - l i k e n a t u r e o f : h e b a se m e n t me mb r an e i s de mo n

s t r a t e d a s i t h u b e e n s e c t i o n e d t a n g e n t l a l l y : c r o n t h i s b a s e m e n t

H o t i c a th e f i b r i l l a r  m t s r i a l o f  w h i c h th i s  m e m b r a n e i sme mb r an e

made





Fi lhc d  ss  r e c a i vn d
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Figure 1a Normal p au n c  r vosa x 10,300
Th a  ve r i f i c n t i o n  o f  n e u r o n a l  s we l l i n g : i s  : h m m i n  t h i s

mic rograph No ti c e  t h at  o ne  ne ur on al  pr oc es s (NP1) 1|  c on ne c ted  t o

smoth er  ne uronn l pro c ess (NP 2)  b y  a n  n o n  ( A l Th i s in d i c stel th a t

t h e m a r e  s we l l i n g :  a lo n g  t h e  a xo n s  a n d  t h a t  a l l  d i l a te d  p r o c e s s e s

a r e  n o t  n e c e s s a r i l y  t e r mi n a l  p r o c e q e i
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x aa,-sooNormal par a neuronsF i g u r a 1 5

Th e  pr e d o mi n a nt  c e ll  p r oc c s l s e e n i n  th i s  mi c r og n p h La a

pi tu i c y te a s evi de n c e d  b y  t he  f r e n r i b os o me s (R) , t h e  l i p i d  d r o p le t s

A l l a l e a n i l r o u g h( L ) , u  u l l  u the  b ac kg rou nd  mat r i x d en si ty

The  p rn do ni nlut f e a tur e  of  t he  c y to p la s mnnd c plumic  r e t i c ulum (RB)

1 | t h e a b u n d a n t t u b u l a r c i a t a r n a n s e e n  p e r v a d i n g t h e e n t i r e f i g u r e

Th in  ap p ea r s t y p i c a l  o f  lmoo th  en d op las mic  r e t i c u lu m(lrraw)





11?

|

Figure 16 N o r m a l p a r a n a : - v o n x 6100
T h i s u n u i u a l m i c r o g r a p h  w a s a u c t i o n e d t n n g e n t i a l l y t h r o u g h

t h e  e d g e  o f  a  c a p i l l l r y (C) T h e v e s s e l 1 | s u r r o u n d e d  b y t h e u s u a l

per ivna cular  lpacc contain ing co llagen (Co) and f ibr ob lasts (F) T h e

u n u s u a l f e a t u r e La t h a t c e l l p r o c e l s e t a r e l o c a t e d w i t h i n t h e e n d o -

t h e l i a l c e l l ! o f t h e c a p i l l a r y  w a l l ( a r r o w ) . T h e s e a p p e a r t o b c

n e u r o n a l l n  : m an u r e a n d  m i g h t r e p r e s e n t m n e r v a c l n g n e r v e c e l l s w i t h i n

The ununuz l vesicular and lobulated St r uctur es leant h e  v e s s e l  wa l l

a t I : r c n o t r e s d i i y i d e n t i f i a b l e a n d s i m i l a r s t r u c t u r e s h a v e n o t b e e n

s e e n e l s e w h e r e . T h o s e v e s i c u l a r l t r u c t u r e l  w h i c h l e c m  t o b e c o n t a i n e d

w i t h i n t h e e n d o t h e l i u m ( X l ) s u g g e s t p l n o c y t o s i s I n d a r e a n u n u s u a l

f i n d i n g .
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Fig ure  17 Ho r a n !  p a n  n e r vu la x 76,000
A h ig h po we r  mic ro gr np h o f  a de ge ne r lt i n g ne ur ona l.  p ro c e ll

t h o u ll r g e s p ac e s (X)  and numerous i n d i c s t l o n l  o f  d e g e n a r a t i n g

No t i c e  t h e la mn l ln r  b o d i e s  p r u e n r (L a ) , l e a n  t o  b a  i np r o u l l s n

va r i o u s  l t l g e l  o f  f o r ma t i o n

\
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Fig ure  18 A c u te  e xp e r i me n ta l  l n lml l , p l r l  n e r vo u s (E I , l e e  u h h : I l l )

x 20400
A E ar r i ng  b od y  i l  ob se rved  c on ta in in g r an do mly  di sp os ed

n e u r o tu b u lu (NT)  wi t h  t h e c en ter  of  th e  p r oc e n c on tai n in g  : mac h

Lena denlely  plc kc d ESG.

5





1.23

No r ma l  p a r t  n e : vo n X 76,300Figure 19

No r ma l  c o n s t i t u e n t :  o f  |  h y d r s te d  a n ima l  a re  : e e n N o t i c e

the buement .  lmabrane (B H)  o u t l i n i n g  t h e  p e r i vn s c uh r  s p a c e  i n  wh i c h

Ne u ro la c r e t i o n  gr a n ule : (NSG) an d a y n lp toldc o l l a g e n  i s  f o u n d (Co)

vesicle ! (S) pndonimtc

I 5



J "~"r 6
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Figurt zo Ac u ts exr per img nta l s er i es, p a n  n a r v o n (E I , : e e ta b le I I )

x 37,200
A p i t u i c y ta  pr o c e s s i s  se e n a t lou-er  lef  t (P) T h e n e u r o n a l

p r o c u l u c o nta in  nu mer o us  c y n np toi d  vs li c le i (S) an  u t l l  as  ma u r o

sac rar r ion gr snu lea (RSC) T h e NSG a r e l u r r o u n d e d b y  m e m b r a n e s w i t h

d i s t i n c t ls y e r l  | n d th¢  d i f f e r e n c e  b e tu e a n  th e s e  mu mb n ne n  a n d  t h a n

e n c l o s i n g  t h a  s y n n p t o i d  va l t c l u i s  o b vi o u l This d iff er e nce 1| both

l n  : h t c k n e n  a n d ln  s ta i n i n g  q u a l i t y
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F i g u r e 2 1 A c u t e e x p e r i m e n t a l s e r i e s , p a r a n e : - v o n ( E l , l e e u b l e I I )

x 31,200
T h e t y p i c a l l p p e l r m c e o f t h a p e r l v a l c u l l r s p a c e (P V S ) c a n

tlining collagen fibar i and lur r onmaisd by the buement  mcmbr lnn (BH)

i s d e m o n st r a t e d Th e g n p b e t w e e n t h e b l i c m e n t m e m b r an e a n d t h c

n e u r o n a l p r o n o u n : i s v a r i a b l e i n  w i d t h The ngur otubulei (NT) of

an  l xn n  a r e  l a a n  i n  c r o l l l  l e c t  i o n
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Fig ur e 22 A c u t e e x p e r i n n n t a l s e r i e s , p a r a  n e r v o u s ( E 2 , m a t a b l e I I )

x 35,900
A n  a xm p le  o f  t h a tn zi ma tc  c o nn ec ti o n be twe en  the  p i tu i c y te

p r o c u l e l (P)  an d t ha neu ron al pro c es ses No t e  t h e  d i l a t i o n : i n  t h e

e xt r s c a l l u l s r  s p s c e (BCS)  whic h suggest:  th e presenc e of  c hsnnuls

be twe e n a xo n a l p ro c en e l No te  t h e n e u r o ec r e t i o n g r a n u le !  s u d the

un u s u a l  llme l l a r  en c lo s u r e (a r ro w)  o f  t he s e g ra n ule s
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A c u t e e a c p e r i m e n t s l s e r i e s , p a r ; n e r v o n n ( E 3 , s e e t a b l e I I )Fig ur e 23

x 35,900
Th e  p er i vu c u la r  s p a c e 1|  l ur rmmd ed  b y  th e us ua l ba se me nt

membrane (BH) an d c o nta in s ¢ ne u ro na l pr o c e ss  n ot  ln r r tl un d ed  b y  |

sleeve of  basement membrane (NP) . En d i ng s  ab u t ti n g  ag a i ns t  th e  ou te r

bn ee msn t mambr me n pp al r  t y p i c a l .  of  th a n or ma l  p a n ne r vo u u nc h

sy n ap to id  ve s i c le s (5) and mi to c hon dr ia (H) md  ln  o c c a si o n a l  a r e a
o

sug ge st i n g plemua rp hi c  ve si c les ( P l ) . --Q,
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»

F i g u r e Z h A c u te  e xp e r i me n ta l  l e r i c l , pa ra  n e rves : (ES, le e u b l c I I )

x 35,900
A r e l a t i v e l y  \ r i d e p e r i v u c u l a r s p a c e (P V S ) Ls s e e n c o n t a i n i n g

a l a r g e f m u r o n l l p r o c e l i (H P ) : n d b l s l r m e n t  m e m h r s n e l e c t i o n e d s l i g h t  l y

t x n g e n t l a l l y ( E H ) . T h e u s u a l n e u r o n a l e l e m e n t : : r e s e e n ( S , NS G , P l ) .

5
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A c u t e  e xp e r i me n ta l  l c r i c l ,  p a r a  n l r vo n (E10, l e e  u b l e  I I )P lgure 25

x 2,300
A lo v p owe r  mlc ro g r lp h  i n d i c a t i ng  r e l s t i ve  f r e q ue n c y  o f

Th e  p e r i vu c u l l r  : p a c e (PVS) i l  s e e n  t o  c o n t s i npituicyte ce 11| (P)

n u u r c m l  p r o c a u u (HP )  wi t h  an  e xamp le  o f  1  p o s s ib le  pr o t r us i o n  i n to

A Her r i ng  b ody  c m be  o bmr va d (F i )th e  W S  i nd i c ate d ( a r r w ) N o t a

: h a  t e th e r  e xte n l i ve  e xt r a c e l l u h r  s p a c e  b e twe e n  c e l l u le r  c o mp o n e n t !



1," Q ¢
~ ~= -#1 1

\

».;,¢. -» - : . _ { ;  '

AS



137

Ac u te  c xp e r i a e n ta l  s er i e s , pa r a  ne r vo u  ( E 1 0 , s e e  t l b l e  I I )Fig ur e 26

x z,zoo
A lou power  mic s. - og rap h d amo us tra ti n g t he r e lat i on shi p:  of

Th e  p c r i vl l c u l sr  s pn c e  c a nin c o mi ng  u mm (A) to  n e u r o n a l  d i l a t i o n :

b e  s e e n  to  mr r mm d  w a  c a p i l l a r i e s (C)
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235 day  dehy drated animal, p a n  n e n m l aF i g u r e 27 x 54200
Th a  l i c e  va r i a t i o n  l n  p la m mr p h i c  ve l i c l e i  c a n  b e  s e a n  l n

thi s mlc r og ra ph  s ho vi ng  l ar ge  o va l. - s ha pe d va alc laa (P11) u  w e l l  u

n u l l sh r u n k e n v e l i c l u ( P 1 2 ) T h u l e p r e n r m n h l y r e s u l t f r o m l o n o f

h o n m n e c o n t e n t m d r e p r a l e n t " g h o s t s " o r r e l i d u a l v e s i c l e s o f t h e

n s u r o s e c r e t i o n  g r l n u l e t ( N S G ) .

s

4
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25 d a y d e h y d r a t a d a n i m a l , p n : n e r v o nFigura 2B x 19900
Um  e xt e n s i ve  c y t o p l u m  o f  s  f i b r o b lu t i l lc c n  a t le ve r

r i g h t ( F )  wi t h i n  : h c  p u r i v n l c u l l r  t p l c : (PVS) Ne u r on a l  pr o c el l e i

wi t h  t u b ula r  c ls te mle a r e r e a d i ly  v i l ib lc (X) The nr fo v ln dics te l

th e  p r u b ; b 1 1 :  l i t e  o f  p r o t r u s i o n  o f  an  n o n  t h r o u g h  th e basement

membrane (BH) i n t o  t h e  w s .





1la3

n

ga,  dl y  deh y drst c d an imal, p l r l  u e r vo s aF i g u r e 2 9 x 56 ,9 00

A  h i g h e r p o w e r  m i c r u g r a p h o f f i g 2 3  d c m c m l t r l t e a t h e

p r u t r u l i u n i n t o t h e p e r i v l i c u l l r l p n c e (P V S ) N o t e : h e n e u m t u b u l e s

(h'I ) : n d mi to c ho nd r i a (H) blen di ng ln  w i t h  t h e  t u b u la r  S t r u c tu r a l l n

the  ne rve  en din gs The basement mmnbrane is not lea n su r ro un di ng

th e  t e r mi n a l p o r  t i o n  o f  t h e  n o n  wi th i n  t h e  P V S

u.
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2%  d ay  d eh y d ra te d a u iml l ,  p n I  n e r ve s ;Figur e 30 x 113,100
A h ig h ma gn i f i c at i o n mi c r og ra ph sh ovin g plemno rp hi c  ve si c les

(? 1 )  o f  va r y i n g s i z e s No te  t h a t the membrane c h i c k xma l  o f  t h e n

pleo mu z- p hi c  ve l i c la l c or ru lp on d l c los e ly  t o t ha t of  t h e NS G membr an e

\
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Fi gu re  3 1 ln  d ay  d e hy dr ate d an ima l,  p an  ne rvula X 65,000

A n a u to n n l  p mc e sl  d e mn n l t r a t i n g  n u ma ro u l  tu b u lar  c tnte mn e

mmi n i i c e n t  o f  lmo o th  e n d o p la mi c  r e t i c u lu m Ho t i c a  t h e  t r i p le ln y a r

amn bn n e s t r u c tu r e a n d t he  r a n d om or i en ta ti o n o f the t u b u l u
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Figure 32 fa  da y  de h y dr a ted  mimi , p a r a  u c r vo i l x 3f,_f.oo
Th e  p e t i vl l c u l l r  s p ac e  i s  s ee n  to  c on ta in  n ume r ou s  nc u r on n l

p r o c c l l e l (NY )  wi t h  t u b u la r  l t f u c tu r c l  p r e s e n c Note the lang fib r e

b la s t p m c e n ( F )  wi t h  t h e  c o l l a g e n  p o h r i z e d  t o  o n e  a i d e  o f  t h i !

T h e c o l l a g e n ( C o ) l e c m l t o b e e x t r u d e d f r o m th a l e f  t s i d ep r o c e s l

o f  t h a f i b r o b l n t and is  p e rp e n d ic u la r  t o  th e  c el l  s ur f  a c e  . l t the

po in t of  a t ta c hme nt .

Q
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Fig ure 33 I4  da y d e h y d r s r a d s u i m l l , p a n n e r v o l s x 23,300
Th e pe r i vu c u ls r  sp ac e c o ntai ns  n umer ou s la rg e ne ur on al

pr o c el s e l  d e n s ely  p ac k e d  wi t h t u b ula r  st r u c tu r e s Smal l  a xo n :  ar e

n e u c o n t a i n i n g  n e u r o t u b u l c a a n d  m i t o c h o n d r i s ( N T ) O the r  proc aniu

dmn o nl t r at c  tu b u ic i  ad ja c e n t t o  ve s i c u la r  s t r u c tu r e !  wi t h i n  t h e  s a me

endings (arrow) Th e  ra n d om o r i e n ta t i on  o f  c o ll a g en  f i b e r s ia se an

a t l o w e r  r i g h t

5

l
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23 :  d l y  d e h y dr a te d  mi mi , p s t :  n a r v u uFigure 3& x 23,100
A  p r o c e n  wi t h i n  t h e  p n r i v u c u ln r  s p a c e  i l  s e e n  t o  c o n u i n

b o th  ve l i c u l s r  s t r u c tu r e s (P l ) a n d  t u b u la r  c i l t e r n le (T) S i n c e

th e se  two  s tr u c tu r e s a r e wi th i n  s  n eu r o na l  pr o c es s , 1 : is usmmmd

th a t  t h e t u b u lar  s t r u c tu r a l  s ee m e l s e wh e r e  a re  a l s o  wi t h i n  ne u r o n a l

c e l l : Compar e mat r ix density with the ldjscent fibr ob la st (F)

Als o  t o  b e o b ler ve d i s  1  c a p i l l a r y  f e n e l t n t l o n (Fe) an d  a n  e n do the l i a l

exte nsio n into the lumen of  th e cap ill ar y ( C) M ! a x o n  w i t h  n e u r o

t u b u l u 1|  l ea n  wi t h i n t h e P V S (A)
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Figure 35 i n day  dehy drated  animal,  pa ra ne rvous x 12,000
Th i s p i tu i c y tu  a p p ea r s t o  b e  u n d er g o in g  mi tos i s The

l i p i d  d r o p le t s ( L ) . t h e  d i f f u ln l y  l c a t t e r u d  r i b o s o ma l  p a r t i c l e s , and

th e  I mg  u d to c h o n d r l a  a l l  i n d i c l t c  c h a :  t h i : L l  4  p i t u i c y te N o t i c e

th e  n u c le a r  c hr o ma t i n ma te r i a l  s c at t e r e d  t h r o u gh o u t  t hc  c e l l (Ch)

a n d  u p o n  c l o l e e x m i n n t i o n  o n e c a n l e e  n u m e r o u s f i l a m e n t s r a n d o m l y

d i s t r i b u te d  wi t h i n  t h e  c y to p la s m A  p r o m i n e n t f e a t u r e i n : h c  n m r k a d

ve s i c u l l t i o n  w i t h i n  t h e  c y t o p la s m Al la  p r e s e n t i n  t h e  c en te r  a r e

la v a  u l ly mnamc-  1 lke 3 tr uc tutes
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Figur e 36 la day  de hy drated  animal, p u |  u e r v o n x 35,100
Th e  p a l i nd e  z o n e 1|  s e e n  t o  c o n s i s t  o f  u n r ve  t e r mi n a l :  wi c h

Eever  NSG than  are seen  tn n orms !  ani mals Nu m e ro u s n u l l v e s i c l e s

are observed (Pl) (S) 11me  pa r i vuc u lat  sp ac e (PVS) c on ta in s n er ve

p r o c c u e l (NY) f i l l e d  wi t h  t u b u la r  l t r u c tu r n l  a n  we l l  a s  o c c a s i o n a l

ve s i c le s A  f i b r o b la s t ls  a l s o  s e a n  ( ? }
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x 54,200Fig ure  37 6 d a y  d c h y d r l t ed  a n i mal ,  p z r a n e : vo n

A  f i b a r  c o n ta i n i n g  e vi c lmc e  o f  d e g c n a n t i u n  1 |  l e a n  i r i t h ln

No t i c e t h e  pr o mi n mt  l g r el i n - l i k e  l a me l l n r  n r r n n ge mn n t (La)th aP VS
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Figure 38 T day  dehy drate d ani mal, p s n  u n r v o u x 2,500
A low p c mar  mic r og rn ph  t hmr ln g : h e dra ma ti c  ps uc i ty  o f  da r k

ueur olecr et  ion gr mu lea (NSG) Th e  d a r k c r es c e nt ;  i r l th i n  t h e l i p i d

gr a n u le ! ( L) a r e  I e c t i o n i n g  n r t n f l c u Al le  no t ic e t ha t the ext r a

c e l l u la r  l p a c e  a p p e a r ! r o b e ab out the mme a l in  t h e no r ma l m i n s !

P i t u i c y te l s h o  a p p e a r  s i m i l a r  t o  t h l t sc an Ln  h y d r a te d  a n n u l : and

demonstrate no marked c hanges.

5
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Figure 39 7 di y  de hy dr ated  a ni ma l, pa t s  n e r ve s ; X 2, 500

A clp|. 11.ary  (C) 1 |  l e a n  t o  b e  s u r r o u n d e d  b y  a xta mi ve  ws

Th i s  ap u xf  c n n n i n a u h m pr o c e ss e s  wi t h  d a rk  NS G (NP1) and  nlny

proc esses wi thout dark  NSG (NP2) The la t t e r  c o n ta i n  t u b u la r  s t r u c t u r e s

a s  w e l l  u c l e r k v e l l c n l s r  a t r u c t u r u
- - .

\
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Fig ur e 40 I  d ay  de hy dr ate d ani ma l, pa r a n er ves ; x 27,900
A ma r ke d l oa n o f  NS G i s l ea n  l n a ni ma ls de p r i va d  o f

dr i n k i n g  u n te r  f or  7  d a y s Noti c e the di lper tcd md :11.mnerou. |

sma ll  ple oz mr ph i c  ves i c le s (P l ) le a n  wi t h i n  th e  a e r vn  e n d in g  : n d

the mme:o u. :  mi to c hon dr ia (H) Rae plea-morphic  vesi c les sppc sr

lu l l  d e n le l y  p i c k e d  t h u :  l y n . s p | : o i d ` v e | i c l u (S) md  a r e  q u i t e

i r r e g u lz r Ln shape
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Fig ur e 61 7 da y  de hy dr atad  ani mal, pan nBl"\»"OI| x »'+a,soo
A f  taquant f i n d i n g  o f  t h e  7  d ay  d a h y d r st c d  a n i mal :  s m th e

tu bu lar  l :mc  t u re s (T) A  f e w p le o mo r p h i c  vu i c la a  a r e  l a m n e a r

th e  r a le u e  a r e a  s d j s c e n t to t he b asement menb nne (bm) T h e

tu b u l l r  l t r u c tu r a s  a r e  s i mi l a r  to  s mo o th  e n d o p la s mi c  r e t i c u lu m

/
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