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Summary. Somatostat in- l ike immunoreact iv i ty  was de- 
tected within the adrenal  gland o f  the cat using specific 
monoclonal  antibodies.  Immunohis tochemical  studies dem- 
onstrated a few somatos ta t in- immunoreact ive  nerve fibers 
within the adrenal  medulla.  In  addit ion,  a large popula t ion  
of  chromaff in  cells in the cat adrenal  medul la  displayed 
intense somatosta t in- l ike  immunoreact ivi ty .  Similar cells 
were not  observed in rat  or guinea pig adrenal  glands, al- 
though they were found in human  material .  The somatosta-  
t in-positive cells in the cat adrenal  medul la  often possessed 
short  immunoreact ive  processes similar to those seen in so- 
matos ta t in- immunoreact ive  paracr ine  cells of  the gut. Char-  
acterization o f  the somatosta t in- l ike  immunoreact iv i ty  of  
the cat adrenal  by high performance liquid ch romatography  
and rad io immunoassay  indicated that  somatostat in-28 may 
account for over 90% of  the observed immunoreact ivi ty.  
I t  is suggested that  somatostat in-28 may  have a paracr ine  
or endocrine role in the feline adrenal  medulla.  

Introduction 

Chromaff in  cells of  the adrenal  medul la  have been shown 
to contain various neuropept ides  as well as catecholamines.  
Schultzberg et al. (1978) first demonst ra ted  enkephalin-l ike 
immunoreact iv i ty  in the chromaff in  cells o f  rat,  guinea pig 
and cat. Subsequent studies have shown that  enkephalins 
are stored together  with catecholamines in the chromaffin 
granules and that  these compounds  are also co-released 
(Livett et al. 1981). Other  neuropept ides  have since been 
identified in the chromaffin cells o f  various species. Neu-  
rotensin-l ike immunoreact iv i ty  has been demonst ra ted  in 
the noradrenal ine-conta ining cells of  the cat adrenal  gland 
(Lundberg et al. t982; Terenghi et al. 1983) while N P Y  ap- 
pears to be present  in these cells in several species (Varndell  
et al. 1984). Vasoactive intestinal  polypept ide  immunoreac-  
rive cells have also been found in cultured bovine adrenal  
medul la  (Siegel et al. 1985). Lundberg  et al. (1979) have 
also repor ted  that  somatostat in- l ike immunoreact ivi ty  is 
present in many  human  pheochromocy toma  cells, a l though 
only a few somatosta t in-posi t ive  cells were seen in the nor-  
mal human  adrenal .  In the present  report ,  the presence of  
somatostat in- l ike immunoreact iv i ty  in the cat adrenal  gland 
was localized immunohis tochemical ly  and character ized 
biochemical ly using monoclona l  antibodies.  
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Materials and methods 

Immunohistochemistry. Five adult male cats were deeply anaesthe- 
tized with pentobarbital (50 mg/kg, I.P.), heparinized (10000 units, 
intracardiac), and perfused transcardially with 200 ml of phosphate 
buffered saline (PBS, 0.1 M, pH 7.4) at room temperature, fol- 
lowed by 1500 ml of fixative. The fixative was either 4% paraform- 
aldehyde in 0A M phosphate buffer (pH 7.4) containing t mM 
MgC12, (4 cats), or the buffered picric acid and paraformaldehyde 
fixative of Zamboni and De Martino (1967) (1 cat). The adrenal 
glands were removed and postfixed for 2 h in the same fixative 
and then placed in cryoprotectant (25% sucrose, 10% glycerol 
in 50 mM phosphate buffer) for 48 h at 4 ~ C. They were sectioned 
at 30 pm on a freezing microtome and collected in Tris buffered 
saline (TBS, 50 raM, pH 7.4). 

Sections of the adrenal glands were treated with 0.3% H2Oz 
in TBS for 1 h prior to immunohistochemistry. To detect somato- 
statin, a mouse monoclonal antibody raised against cyclic somato- 
statin (Ab 8) was used. This antibody is directed to the C-terminal 
portion of the molecule and recognizes cyclic and linear somatosta- 
tin, and somatostatin-28 in the brain and periphery (Buchan et al. 
1985 ; Vincent et al. 1985). The free floating sections were incubated 
with the antibody at a concentration of 1 gg protein/ml in TBS 
containing 2% normal horse serum (NHS), 0.3% Triton X-t00 
and 0.01 mg/ml bovine serum albumin (BSA) for 48 h at 4 ~ C. 
The sections were then immunostained using a mouse ABC kit 
(Vector Laboratories, Burlingame, CA). After rinsing in TBS 3 x 
20 min, the sections were incubated in biotinylated horse antimouse 
IgG diluted 1:200 in TBS containing Triton, BSA and 2% NHS 
for i h at room temperature, rinsed again 3 x 20 rain in TBS and 
then incubated in avidin-biotinylated horseradish peroxidase com- 
plex diluted 1:100 in TBS containing BSA and 2% NHS for 1 h 
at room temperature. Following three more 20 rain washes in TBS 
the sections were reacted for peroxidase activity using 0.02% 3,3'- 
diaminobenzidine and 0.0015% HzOz and 0.6% nickel ammonium 
sulfate. The sections were then mounted from TBS, dehydrated, 
and coverslips applied with Permout. 

Additional sections from guinea pig and rat adrenal were pro- 
cessed in parallel for comparison. In addition, sections from a 
human adrenal gland fixed by immersion post-mortem in the buf- 
fered picric and paraformaldehyde fixative were also examined. 
In control experiments, anti-somatostatin IgG preabsorbed for 
12 h with 10 nmol/ml synthetic cyclic somatostatin was used as 
the primary step, and this blocked all specific staining. 

HPLC and radioimmunoassay. One cat adrenal was removed prior 
to perfusion fixation, sonicated in 0.2 M acetic acid (2 ml), then 
centrifuged at 10000 g for 10 rain and the supernatant removed. 
In all subsequent steps, including high performance liquid chroma- 
tography (HPLC), HPLC grade solvents containing 0.1% trifluor- 
acetic acid were used. An aliquot (100 gl) of the supernatant was 
removed for radioimmunoassay of somatostatin-like material and 



Fig. 1 A-E. Immunohistochemical localization of  somatostatin-like immunoreactivity in the feline (A-D) and human (E) adrenal medulla. 
A few somatostatin immunoreactive large smooth fibers (arrowheads) and smaller varicose fibers (arrows) are present in the adrenal 
medulla among the many intensely stained chromaffin cells (A). B The large population of somatostatin-immunoreactive chromaffin 
cells is concentrated within the central core of  the medulla (m). The adrenal cortex (cx) is unstained. C, D The somatostatin-positive 
chromaffin cells in higher magnification, illustrating the short, immunoreactive processes often found on these cells. E A large populat ion 
of somatostatin-immunoreactive cells is also present in the human adrenal medulla. Scale bars indicate 10 ~tm for A, C, D and 100 gm 
for B, E 
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Fig. 2A and B. High performance liquid 
chromatography of SepPak purified cat adrenal 
gland extract. The first acetonitrile sample from the 
SepPak cartridge was reconstituted in 500 lal water 
and applied to a Waters g-Bondapak C18 column 
(3.9 x 300 mm). Elution was performed with a 20- 
40% acetonitrile gradient in water over 10 rain at 
a flow rate of 1 ml/min. Detection was at 225 rim. 
One ml fractions were collected and assayed for 
somatostatin immunoreactivity using a monoclonal 
antibody. A The peptide elution profile and the 
elution positions of synthetic SS-14, SS-25 and SS- 
28 used to calibrate the column. B Somatostatin- 
like immunoreactivity in the fractions measured by 
radioimmunoassay 

the remainder applied with a syringe to a SepPak cartridge (C18) 
which had been washed with 5 ml of acetonitrile and 5 ml of water. 
The cartridge was washed with 5 x 1 ml water and 3 x 1 ml 100% 
acetonitrile, and the eluates retained. Acetonitrile was removed 
by evaporation under a stream of nitrogen and the samples were 
lyophilized. Fractions were redissolved in 300-500 gl water and 
assayed for somatostatin-like immunoreactivity. 

Chromatography was performed on a Waters g-Bondapak 
C18 column (3.9 mm• 300 ram) with a water/acetonitrile gradient 
from 20%-40% acetonitrile over 10 rain at a flow rate of one 
ml/min. Detection was performed at 225 nm. The first acetonitrile 
sample from the SepPak was reconstituted in 500 pl water and 
applied to the column. One ml fractions were collected, the acetoni- 
trile removed under a stream of nitrogen and the remaining solu- 
tion lyophilized. Synthetic cyclic somatostatin, somatostatin-25 
and somatostatin-28 (Peninsula Labs. California) were used to cali- 
brate the column. Solvent was purged with helium prior to use 
and blanketted with the same gas. The chromatography apparatus 
consisted of Waters Associates units: one model 6000A pump, 
one M45 pump, a model U6K sample injector, and a model 450 
variable wavelength detector. Chromatograms were recorded on 
a Hewlett Packard 3380 integrator. 

Assay for SLI was performed using a mouse monoclonal anti- 
body (Ab 3) which recognizes both cyclic and linear somatostatin 
and somatostatin-28 in equimolar amounts (Buchan et al. 1985). 
The conditions of the assay were identical to those previously de- 
scribed (McIntosh et al. 1978) apart from the substitution of bovine 
serum albumin (Miles RIA insulin grade, Miles, Ont., Canada) 
for human serum albumin. 

Results 

Within the medulla of the cat adrenal gland a few scattered 
networks of nerve fibers were found that were positive for 
somatostatin (Fig. 1 A). These were usually observed clus- 
tered about  some of the vessels in the medulla. A large 

number  of chromaffin cells in the cat adrenal medulla also 
displayed intense somatostatin-like immunoreactivity 
(Fig. IB). These were scattered throughout  the medulla, 
particularly within the central core. A similar distribution 
of somatostatin-positive cells was seen in the human  adrenal 
medulla (Fig. 1 E), however, no positive cells were seen in 
the rat or guinea pig glands. The somatostatin-positive cells 
of the cat adrenal medulla usually gave rise to processes 
often extending up to 30 ~tm from the cell body (Fig. 1 C, 
D). 

The total amount  of somatostatin-like material extract- 
ed from the whole cat adrenal gland was 3.67 ng. The 
breakthrough sample and water washes from the SepPak 
contained undetectable amounts  of somatostatin-like im- 
munoreactive material and the first acetonitrile sample con- 
tained 3.59 ng, a recovery of 98%. HPLC fractionation in- 
dicated that 91% of the recovered immunoreactive material 
eluted in the position of synthetic somatostatin-25 and so- 
matostatin-28 (Fig. 2). A small amount  of somatostatin-like 
immunoreactivity was detected in the void volume of the 
column, while only 0.6% eluted in the position of synthetic 
cyclic somatostatin. 

Discussion 

The results of this study provide biochemical and immuno-  
histochemical evidence indicating the presence of somato- 
statin-like immunoreactive material in the feline adrenal 
medulla. The present study has also confirmed the observa- 
tion of Lundberg et al. (1979) that somatostatin immunore-  
activity is present in ceils in the human  adrenal medulla. 
No somatostatin-positive cells were observed in the rat or 
guinea pig medulla in our studies, although other somato-  
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statin-positive endocrine cells (Buchan et al. 1985) and neu- 
rons (Vincent et al. 1985) could be readily detected with 
this ant ibody in these species. These observations are com- 
patible with the observat ion of  Srikant  and Patel (!985) 
who detected only very low levels of  somatostat in- l ike im- 
munoreact ivi ty  in the rat  adrenal ,  a l though a previous re- 
por t  of  higher levels has appeared  (Aguilera et al. 1981). 

The quanti tat ive studies indicated that  the cat adrenal  
contains very high levels of  somatos ta t in- immunoreact ive  
mater ial  and  that  a lmost  all o f  this etuted from the H P L C  
with an elution time corresponding to that  of  somatosta t in-  
25 and somatostatin-28. Al though the lat ter  two peptides 
could not  be resolved with our  HPLC condit ions,  other 
work suggests that  the 28 amino acid form would be the 
predominant  species present (Pradayrol  et al. 1978). Soma- 
tostatin-28 has been found in secretory vesicles in human 
and rat  intestine (Ravazzola  e t a l .  1983). Corder  e t a l .  
(1982) have repor ted high levels of  somatostat in- l ike mate- 
rial in the cat adrenal,  which upon gel f i l trat ion co-eluted 
with both somatosta t in  and higher molecular  weight forms. 
Somatostat in- l ike immunoreact ivi ty  has been found in the 
vesicular fraction of  the bovine adrenal,  consisting of  large 
forms (77%), somatostat in-28 (14%) and somatosta t in  
(9%) (Saito et al. 1984). 

The morpho logy  of  many  of  the somatos ta t in- immuno-  
reactive chromaffin cells in the cat adrenal  medul la  is simi- 
lar to that  of  the somatos ta t in- immunoreact ive  cells found 
in the gastrointest inal  t ract  which could be indicative of  
a local paracr ine action (Larsson et al. 1979). Acetylcholine 
has been found to stimulate the release of  somatosta t in  
from bovine adrenal  (Saito et al. 1984), and in the perfused 
cat adrenal ,  nicotinic st imulat ion appears  to cause a simul- 
taneous release of  catecholamines,  enkephalins,  neurotensin 
and somatosta t in  (Corder  et al. 1982). Somatos ta t in  often 
appears  to inhibit  the release of  other hormones,  and it 
has been found to inhibit  nicotinic induced catecholamine 
secretion in the dog (Mizobe et al. 1979) and guinea pig 
(Role et al. 1981). Somatostat in-28 appears  to be much 
more potent  than somatosta t in  in various systems suggest- 
ing that  in the cat and human adrenal  gland somatosta t in-  
28 could have a paracrine role inhibiting catecholamine se- 
cretion. 
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