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ABSTRACT — In the preoptic nucleus (PON) of the goldfish, Carassius auratus, four types of cells were
observed under a light microscope: cells showing colocalization of immunoreactive angiotensin II (ANG
II) and immunoreactive agrinine vasopressin (AVP), cells with only ANG Il-like immunoreactivity,
cells with only AVP-like immunoreactivity and cells with neither immunoreactivity. Under an electron
microscope, only two types of nerve terminals were found in the neurohypophysis: those showing
immunoreactivity of both antisera and those with neither immunoreactivity. No terminals showing
alternative immunoreactivity could be found. The discrepancy in these findings obtained by light and
electron microscopes is discussed. In nerve terminals reactive to both antisera, an immunogold
technique indicated the presence of neurosecretory granules with colocalization of immunoreactive
ANG II and AVP, granules with only ANG Il-like immunoreactivity and granules showing only
AVP-like immunoreactivity. The AVP-like immunoreactivity observed in the PON and the neurohy-
pophysis is considered due to arginine vasotocin.

INTRODUCTION

MATERIALS  AND  METHODS

tic nucleus (PON) of the goldfish, Carassius anra-
tus. Further, intragranular colocalization of these

A renin-angiotensin system in the brain has been substances was electron microscopically examined
demonstrated biochemically and pharmacological- in axon terminals in the neurohypophysis.
ly  in  mammals  [1].  Immunohistochemically,
angiotensin II (ANG II) and arginine vasopressin
(AVP) have been shown to be present in the same
neurons of the supraoptic, paraventicular and sup-
rachiasmatic  nuclei  of  the  rat  [2-4].  However,  Antisera
intragranular  colocalization  of  these  peptides  in  The  following  antisera  were  used  for  light  mic-
these  neurons  has  not  been  studied.  roscopy.  Antiserum  to  ANG  II  was  raised  in

In  the  present  study,  the  colocalization  of  im-  rabbit  against  synthetic  AspMleu^ANG  II  (Pro-
munoreactive  ANG  II  and  immunoreactive  AVP  tein  Research  Foundation,  Osaka)  by  Yamaguchi
was examined in neurosecretory cells  of  the preop-  [5].  The complete cross-reactivities  of  this  anti-

serum with Asp x -Val 5 -ANG II [5] and Asn'-Val 5 -
Accepted  May  11,  1989  ANG  II  (unpublished  data)  were  demonstrated  by
Received  April  27,  1989  radioimmunoassay.  Antiserum  to  arginine  AVP
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ies,  Keio  University  Hospital,  Tokyo  160,  Japan  with  arginine  vasotocin  (AVT)  at  42%  and  with
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oxytocin  (OXT)  at  only  3.5%  [6].
For electron microscopy, the ANG II antiserum

was the same as that used for the light microscopic-
experiment. AVP antiserum raised against synthe-
tic  AVP  in  rabbit  (UCB  Bioproducts,  Belgium)
and  having  complete  cross-reactivity  with  AVT
and less than 0.003% cross reactivity with oxytocin
or mesotocin was used.

Light microscopy

Twenty five goldfish, Carassius auratus (about
10 cm in total length) were obtained commercially.
After  decapitation,  brains  with  the  pituitary  or
brains alone were quickly removed and fixed in
Bouin's solution overnight. Tissue was dehydrated
through a series of ethanol, cleared in xylol and
embedded  in  paraffin.  Four  /*m  thick  sagittal
sections were made and mounted on slides.  To
examine  the  colocalization  of  immunoreactive
ANG II  and AVP,  two consecutive  sections  were
immunostained,  one with  ANG II  and the other
with AVP antiserum.

Deparaffinized  preparations  were  immuno-
stained by the peroxidase-anti-peroxidase (PAP)
method of Sternberger et al. [7]. Incubation was
performed as follows: (1) in 0.3% H 2 2 for 30 min
at  room  temperature  (RT),  (2)  in  ANG  II  anti-
serum (1 : 1000) or AVP antiserum (1 : 2000) over-
night  at  4°C,  (3)  in  goat  anti-rabbit  IgG  (GAR;
Polysciences  Inc.,  Warrington,  Pennsylvania;  1:
200)  for  90  min  at  RT,  (4)  in  peroxidase-anti-
peroxidase  (PAP;  Dako  Corp.,  Copenhagen  or
Cappel Laboratories, West Chester, Pennsylvania;
1  :200)  for  90  min  at  RT,  and  (5)  in  0.02%  3,3'-
diaminobenzidine in  0.05 M Tris  buffer  (pH 7.6)
containing 0.006% H 2 O z for 10-15 min at RT. To
rinse  the  preparations  and  dilute  the  antisera,
0.1 M phosphate buffer saline (pH 7.2) containing
0.3% Triton X-100 was used.

For the control, immunostaining was conducted
using the following sera instead of  the primary
antisera: normal rabbit serum (NRS; Polysciences
Inc., Warrington, Pennsylvania; 1 : 1600), ANG II
antiserum  preabsorbed  with  Asn'-Val  ?  -ANG  II
(Hypertensin,  Ciba;  20,  100^g/ml  diluted  anti-
serum), ANG II antiserum preabsorbed with AVT
(Protein Reserarch Foundation, Osaka; 2()//g/ml
diluted antiserum), AVP antiserum preabsorbed

with  Asn'-Val  5  -ANG  II  (20//g/ml  diluted  anti-
serum), the primary antisera preincubated with
1%  bovine  serum  albumin(BSA)  and  AVP  anti-
serum preabsorbed with AVT (20, 100 //g/ml di-
luted  antiserum).  AVP  antiserum  was  preab-
sorbed  with  AVT  but  not  AVP,  since,  as  is  well
known, neurosecretory cells produce AVT but not
AVP in teleosts.

Electron microscopy

Ten goldfish (each about 8 cm in total length)
were obtained from a commercial  source.  They
were  anesthetized  with  0.01%  ethyl  m-
aminobenzoate  methanesulfonate  (MS222)  and
perfused  with  a  mixture  of  paraformaldehyde
(4%) and glutaraldehyde (0.4%) in 0.05 M phos-
phate buffer  (PB;  pH 7.2).  The pituitary  of  each
specimen  was  removed  and  fixed  in  the  same
fixative  for  2-3  hr  at  4°C.  This  was  followed  by
rinsing in  0.1  M Millonig  PB and postfixation in
2% Os0 4 in 0.1 M Millonig PB for 1.5 hr at 4°C.
All tissue was subsequently dehydrated through a
series of ethanol, transferred to propylene oxide
and  embedded  in  an  Epon-Araldite  mixture.
Ultrathin sections were cut and mounted on 200-
mesh nickel grids.

Ultrathin  sections  were  stained  by  a  double
immunogold technique. First, one face of a section
was  incubated  in  (1)  saturated  sodium
metaperiodate  for  30  min  at  RT,  (2)  1%  egg
albumin in 0.01 M PBS (pH 7.2) for 10 min at RT,
(3)  AVP  antiserum  (1:16000)  overnight  at  4°C,
and  (4)  colloidal  gold  labeled  GAR  (1:20;  gold
particles of about 5 nm in diameter) for 90 min at
RT. Next, another face was incubated in the same
way, but immunostained with ANG II antiserum
(1:1000)  overnight  at  4°C,  and  colloidal  gold
labeled GAR ( 1 : 10; gold particles of about 15 nm
in  diameter)  for  90  min  at  RT.  Immunostained
sections  were  stained  further  with  both  uranyl
acetate  and  lead  citrate,  and  examined  with
Hitachi HS-9 and HU-12A electron microscopes.

For the control, ANG II antiserum preabsorbed
with  either  Asn'-Val  5  -ANG  II  or  AVT  (each  10
//g/diluted antiserum), and AVP antiserum preab-
sorbed  with  AVT,  ANG  II  or  isotocin  (Protein
Research Foundation, Osaka) (each 10 //g/diluted
antiserum) were used as primary antisera.
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Fig. 1. A: ANG II-like immunoreactive cells in the PON (arrow-heads) and their fibers (arrows) extending to the
neurohypophysis in the hypothalamus of the goldfish, Carassius auratus. Bar = 100 jum. B: ANG II-like
immunoreactive cells in magnocellular (M) and parvocellular groups (P) of the PON. In both groups, many
non-immunoreactive cells (NC) were found. Bar = 50 /am. C: ANG II-like immunoreactive cells (arrowheads) in
the pars distalis and immunoreactive fibers (arrow) extending to the pars distalis from the PON. Reaction of
fibers to ANG II antiserum was abolished by preabsorption of the serum with ANG II, but not that of the cells.
Bar=20^m.

Fig. 2. Two consecutive sections of a PON region of the goldfish. Immunostaining with ANG II (A) and AVP (B)
antisera. Cells a, c and d were reactive to both antisera; cells b, e, f and g were reactive only to AVP antiserum.
Bar=20//m.
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RESULTS

Light microscopy
ANG  II  and  AVP  antisera,  preabsorbed  with

synthetic  ANG  II  and  AVT,  respectively,  showed
no indication of immunoreaction. However, ANG
II immunoreaction in the cells of the pars distalis
was  not  abolished  by  ANG  II  antiserum  preab-
sorbed  with  ANG  II.  Immunoreaction  of  these
cells is considered nonspecific. Immunostaining by
NRS  also  failed  to  indicate  immunoreaction.
Other  control  sera  used  did  not  abolish  im-
munoreactions. Immunoreaction to ANG II anti-
serum in the brain may thus be considered specific

to  ANG  II  and  the  immunoreaction  to  AVP
antiserum observed in the brain is considered due
not  to  AVP  but  to  AVT.  That  teleostean
neurosecretory  neurons  produce  AVT  but  not
AVP supports these considerations.

Immunoreactivity  to  ANG  II  antiserum  was
observed  in  the  cells  of  the  magnocellular  and
parvocellular  groups  of  the  preoptic  nucleus
(PON)  (Figs.  1A,  B,  2A)  as  well  as  to  AVP
antiserum  (Fig.  2B).  The  colocalization  of  ANG
II- and AVP-like immunoreactivity was evident in
many neurons (Fig. 2). Certain neurons possessed
only  AVP-like  immunoreactivity  (Fig.  2),  while
others,  only  ANG  H-like  immunoreactivity;  the
number  of  the  latter  was  very  small.  Neurons

V,

'.- ' •*:*;v...
Pjj  ■  '

.*■/  **

.MA.  ••*

lfo' : --

Fig. 3. Ultrastructural localization of ANG II- and AVP-like immunoreactivity in the neurohypophysis of a goldfish.
Large colloidal gold particles (diameter, about 15 nm) and small colloidal gold particles (diameter, about 5 nm)
demonstrate ANG II- and AVP-like immunoreactivity, respectively. A nerve terminal (A) contained both
immunoreactivities while another, (B), neither. Bar=100 nm.

Fig. 4. Intragranular localization of ANG II- and AVP-like immunoreactivity in the same nerve terminal of the
neurohypophysis of a goldfish. Large colloidal gold particles (diameter, about 15 nm) and small colloidal gold
particles (diameter, about 5 nm) demonstrate ANG II- and AVP-like immunoreactivity, respectively. In some
neurosectretory granules, both immunoreactivities could be detected (arrows). Some granules show only ANG
Il-Iike immunoreactivity (large arrowheads) while others, only AVP-like immunoreactivitiy (small arrowheads).
Bar=100nm.
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showing no immunoreaction to either antiserum
were also present. The fibers with either ANG II-
or AVP-like immunoreactivity extended as far as
to the neurohypophysis (Fig. 1A) and pars distalis
(Fig. 1C). In the pars distalis, immunoreaction to
ANG II antiserum was observed in the cells and
fibers (Fig. 1C). The reaction of the fibers in the
pars distalis was abolished by ANG II antiserum
preabsorbed with ANG II, but that of the cells was
not abolished because of its nonspecificity. The
cells of the pars intermedia were not stained by
either antiserum.

Electron microscopy
In control  experiments,  immunoreaction was

abolished  by  preabsorption  of  ANG  II  and  AVP
antisera with Asn'-VaF-ANG II  and AVT,  respec-
tively. Immunoreaction to ANG II antiserum was
not  abolished  by  preabsorption  of  ANG II  anti-
serum with AVT, nor was that to AVP antiserum
preabsorbed with ANG II or isotocin.

Electron microscopy indicated a number of gra-
nules  and  synaptic  vesicle-like  structures  to  be
present in nerve terminals in the neurohypophysis.
Two types of axon terminals were observed, those
with both ANG II-  and AVP-like  immunoreactiv-
ity and those with neither immunoreactivity (Fig.
3).  In  the former terminals,  the three following
kinds of granules (about 80 nm in diameter) were
detected: 1) granules showing both ANG II- and
AVP-like  immunoreactivity,  indicated  by  large
and small gold particles, respectively, 2) granules
showing only  ANG II-like  immunoreactivity  and
3) granules showing only AVP-like immunoreac-
tivity (Fig. 4). The ratio of these kinds of granules
differed for each terminal. Some granules in the
terminals with both immunoreactivities showed
greater ANG II-like immunoreactivity  than AVP-
like immunoreactivity or visa versa.

DISCUSSION

In the present study, immunoreaction to AVP
antiserum was frequently observed in the cells of
the magnocellular and parvocellular groups of the
PON and in the neurohypophysis.  This reaction
may  possibly  be  due  to  AVT,  since  the  AVP
antiserum used in  the  present  experiment  was

demonstrated to cross-react with AVT, and also, it
is known that one of the neurohypophysial hor-
mones  in  teleosts  is  AVT  but  not  AVP.  Thus,  in
the following description, AVT was used instead
of AVP.

Most  fibers  of  ANG  II-like  immunoreactive
neurons in the magnocellular and parvocellular
groups extended as far as to the neurohypophysis,
as in the case of the rat [8, 9]. Some invaded the
pars distalis of the adenohypophysis, as well as
AVT fibers. It would thus seem that the hypotha-
lamo-hypophysial  nervous  system  of  ANG  II  is
present in the goldfish, although its function has
yet to be clarified.

The  colocalization  of  ANG  II-  and  AVT-like
immunoreactivity was observed in the perikarya of
many neurosecretory neurons of the PON. It has
also  been  demonstrated  that  immunoreactive
ANG II and AVP colocalized in the neurons of the
paraventricular, supraoptic and suprachiasmatic
nuclei in the rat [2, 4]. Further, the intragranular
colocalization  of  immunoreactive  ANG  II  and
immunoreactive AVT in some axon terminals of
the  neurohypophysis  was  found in  the  present
study.  It  would  appear  that  both  peptides  are
simultaneously released from these terminals into
the capillaries. In the rat, ANG II has been shown
to  stimulate  ACTH  release  from  the  adenohy-
pophysis  as  well  as  AVP  [10]  and  ANG  II  and
AVP to potentiate the ACTH-releasing activity of
corticotropin-releasing factor (CRF) [11 for ANG
II,  12  for  AVP].  In  the  goldfish,  ANG II  and  AVT
stimulate the release of ACTH [13]. It should thus
be reasonable to conclude that ANG II and AVT,
following their simultaneous release from the same
terminal,  may  potentiate  the  ACTH-releasing
activity of CRF in this fish.

The  colocalization  of  AVP  and  CRF  in  the
neurons of the paraventricular nucleus and in the
fibers in the median eminence has been reported in
mammals [14-17]. In teleosts, this has also been
shown in some neurons of the PON [13, 18, 19].
The  present  authors  noted  ANG  II-,  AVT-  and
CRF-like immunoreactivity in the same neurons in
the PON of the goldfish (unpublished data). Thus,
ANG  II,  AVT  and  CRF  may  be  released  simul-
taneously from the same neurons. These peptides
possibly exert a synergistical effect on the release
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of  ACTH  from  the  adenohypophysis  or  ANG  II
and AVT may modulate the release of CRF.

By light microscope, four types of the nerve cells
were  observed  in  the  PON:  1)  cells  with  both
immunoreactive  ANG  II  and  AVT,  2)  cells  with
only  immunoreactive  AVT,  3)  cells  with  only
immunoreactive ANG II, and 4) cells without any
immunoreaction. By electron microscope, howev-
er, only two types of nerve terminals were found in
the  neurohypophysis:  1)  terminals  showing  im-
munoreactive ANG II  and AVT,  and 2) terminals
showing  no  immunoreactivity.  The  discrepancy
with respect to cell  type number as determined
using these different microscopes may be due to
variation in the amount of storage of these pep-
tides  in  the  cell  bodies  and  in  the  terminals.
Immunoreactivity in cells containing the peptides
in very small amounts would not be detected by
light microscopy, leading to the erroneous conclu-
sion that there are four cell types. However, both
light  and  electron  microscopy  also  indicate  the
presence of cells and nerve terminals containing
neither  ANG  II-  nor  AVT-like  immunoreactivity.
These neurons may contain neuropeptides other
than  ANG  II  or  AVT.

ACKNOWLEDGMENTS

We are grateful to Dr. Ken-ichi Yamaguchi, Depart-
ment of Physiology, Niigata University School of Medi-
cine, for kindly providing the ANG II antiserum, and to
Professor Seiichiro Kawashima, Zoological Institute,
Faculty of Science, University of Tokyo, and Dr. Keiichi
Kawamoto, Zoological Institute, Faculty of Science,
Hiroshima University, for giving us the AVP antiserum.

REFERENCES

1 Printz, P., Ganten, D., Unger, T. and Phillips. M. I.
(1982) The brain renin angiotensin system. In
"Experimental Brain Research Suppl. 4, The Renin-
Angiotensin System in the Brain". Ed. by D. Gan-
ten, M. Printz, M. I. Phillips, and B. A. Scholkens,
Springer- Verlag, Berlin Heidelberg New York, pp.
5-52.

2 Kilcoyne, M. M., Hoffman, D. L. and Zimmerman,
E. A. (1980) Immunocytochemical localization of
angiotensin II and vasopressin in rat hypothalamus:
evidence for production in the same neuron. Clinical
Sci., 59: 57s-6()s.

3  Fuxe,  K.,  Ganten,  D.,  Anderson,  K.,  Calza,  L.,

Agnati, L. F., Lang, R. E., Poulsen, K., Hokfelt, T.
and Bernardi, P. (1982) Immunocytochemical de-
monstration of angiotensin II- and renin-like im-
munoreactive nerve cells in the hypothalamus.
Angiotensin peptides as comodulators in vasopres-
sin and oxytocin neurons and their regulation of
various types of central catecholamine nerve termin-
al systems. Exp. Brain Res., Suppl., 4: 208-232.

4 Hoffman, D. L.,  Krupp, L.,  Schrag, D.,  Nilaver,
G., Valiquette, G., Kilcoyne, M. M. and Zimmer-
man, E. A. (1982) Angiotensin immunoreactivity in
vasopressin cells in rat hypothalamus and its relative
deficiency in homozygous Brattleboro rats. Ann.
New York Acad. Sci., 394: 135-141.

5 Yamaguchi, K. (1981) Effect of water deprivation
on immunoreactive angiotensin II levels in plasma,
cerebroventricular perfusate and hypothalamus of
the rat. Acta Endocrinol., 97: 137-144.

6 Kawamoto, K. (1985) Immunohistochemical study
of vasopressin and oxytocin in the neurosecretory
system during reorganization of the neural lobe in
mice. Zool. Sci., 2: 371-380.

7 Sternberger, L. A., Hardy, P. H. Jr., Cuclis, J. J. Jr.
and Meyer, H. G. (1970) The unlabeled antibody
enzyme method of immunohistochemistry: prepara-
tion and properties of soluble antigen-antibody com-
plex (horseradish peroxidase-anti-horseradish pero-
xidase) and its use in identification of spirochetes. J.
Histochem. Cytochem., 18: 315-333.

8  Brownfield,  M.  S.,  Reid,  I.  A.,  Ganten,  D.  and
Ganong, W. F. (1982) Differential distribution of
immunoreactive angiotensin and angiotensin-
converting enzyme in rat brain. Neurosci., 7:
1759-1769.

9  Lind,  R.  W.,  Swanson,  L.  W.  and  Ganten,  D.
(1985) Organization of angiotensin II immunoreac-
tive cells and fibers in the rat central nervous system.
An immunohistochemical study. Neuroendocrinolo-
gy.,40: 2-24.

10 Spinedi, E. and Negro-Vilar, A. (1983) Angiotensin
II and ACTH release: site of action and potency
relative to corticotropin releasing factor and vasop-
ressin. Neuroendocrinology., 37: 446-453.

11 Schoenberg, P., Kehre, P., Muller, A. F. and Gail-
lard, R. C. (1987) Angiotensin II potentiates corti-
cotropin-releasing activity of CRF41 in rat anterior
pituitary cells: mechanism of action. Neuroendocri-
nology., 45: 86-90.

12 Gillies, G. E., Linton. E. A. and Lowry, P. J. (1982)
Corticotropin releasing activity of the new CRF is
potentiated several times by vasopressin. Nature.
229: 355-357.

13 Fryer, J. N. (1988) Neuropeptides regulating the
secretory activity of goldfish corticotropes and mela-
notropes. Program and Abstracts. 1st Intern. Symp.
on Fish Endocrinology, Univ. of Alberta, Edmon-
ton, Canada, p. 19.



Colocalization of AVP and ANG II 263

14  Tramu,  G.  Croix,  C.  and  Pillez,  C.  A.  (1983)
Ability of the CRF immunoreactive neurons of the
paraventricular nucleus to produce a vasopressin-
like material. Neuroendocrinology., 37: 467-469.

15  Kiss,  J.  Z.,  Mezey,  E.  and  Skirboll,  L.  (1984)
Corticotropin-releasing factor-immunoreactive neu-
rons of the paraventricular nucleus become vasop-
ressin positive after adrenalectomy. Proc. Natl.
Acad. Sci. USA, 81: 1854-1858.

16 Whitnall, M. H., Mezey, E. and Gainer, H. (1985)
Co-localization of corticotropin-releasing factor and
vasopressin in median eminence neurosecretory
vesicles. Nature, 317: 248-250.

17 Hisano,  S.,  Tsuruo,  Y.,  Katoh,  S.,  Daikoku,  S.,
Yanaihara, N. and Shibasaki, T. (1987) Intragranu-

lar colocalization of arginine vasopressin and
methionine-enkephalin-octapeptide in CRF axons in
the rat median eminence. Cell Tissue Res., 249:
497-507.

18 Olivereau, M., Moons, L., Olivereau, J. and Van-
desande, F. (1988) Coexistence of corticotropin-
releasing factor-like immunoreactivity and vasotocin
in perikarya of the preoptic nucleus in the eel. Gen.
Com. Endocrinol., 70: 41-48.

19 Yulis, C. R. and Lederis, K. (1987) Co-localization
of the immunoreactivities of corticotropin-releasing
factor and arginine vasotocin in the brain and pituit-
ary system of the teleost Catostomus commersoni.
Cell Tissue Res., 247: 267-273.



Yamada, Chifumi et al. 1990. "Intragranular Colocalization of Arginine
Vasopressin- and Angiotensin II-Like Immunoreactivity in the
Hypothalamo-Neurohypophysial System of the Goldfish, Carassius auratus :
Endocrinology." Zoological science 7, 257–263. 

View This Item Online: https://www.biodiversitylibrary.org/item/125321
Permalink: https://www.biodiversitylibrary.org/partpdf/71659

Holding Institution 
Smithsonian Libraries and Archives

Sponsored by 
Biodiversity Heritage Library

Copyright & Reuse 
Copyright Status: In Copyright. Digitized with the permission of the rights holder.
License: http://creativecommons.org/licenses/by-nc-sa/3.0/
Rights: https://www.biodiversitylibrary.org/permissions/

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at 
https://www.biodiversitylibrary.org.

This file was generated 12 March 2024 at 20:20 UTC

https://www.biodiversitylibrary.org/item/125321
https://www.biodiversitylibrary.org/partpdf/71659
http://creativecommons.org/licenses/by-nc-sa/3.0/
https://www.biodiversitylibrary.org/permissions/
https://www.biodiversitylibrary.org

