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Somatostatin: Occurrence in Urinary Bladder Epithelium and
Renal Tubules of the Toad, Bufo marinus

Abstract. Immunohistochemical techniques were used to detect immunoreactive
somatostatin-like material in toad urinary bladder epithelium and in kidney distal
tubules and collecting ducts. This material has immunological and chromatographic
properties identical to those of synthetic cyclic somatostatin. The occurrence of
somatostatin-like material in antidiuretic hormone-sensitive portions of the renal
urinary system suggests a local regulatory or paracrine role for somatostatin.

The recent demonstration that soma-
tostatin inhibits the effects of vasopres-
sin on water transport in toad urinary
bladder (/) and that this tissue contains
relatively large amounts of immuno-
reactive somatostatin led Forrest and his
colleagues to propose that this peptide is
an intrinsic regulator of epithelial trans-
port in toad bladder (/a). Somatostatin, a
tetradecapeptide originally identified as a
hypothalamic hypophysiotropic hor-
mone that inhibits secretion of growth
hormone (2), is widely distributed in the
extrahypothalamic central nervous sys-
tem, the peripheral nervous system, var-

ious tissues of the gastroenteropancreat-
ic system (3, 4), and thyroid tissue (5),
but has not been consistently measured
in rat kidney (3, 4, 6). The dual neuronal
and gastrointestinal distribution of soma-
tostatin has been demonstrated in all ver-
tebrate classes (7).

In the gastrointestinal tract and pan-
creas, somatostatin-secreting cells have
been found adjacent to other types of se-
cretory cells whose function is influ-
enced by somatostatin. This observation
led to the postulation that such soma-
tostatin-secreting cells outside the brain
exert a local, ‘‘paracrine,”’ effect on

Fig. 1. (a and b) Fluorescence micrographs of toad urinary bladder (a) showing immunoreactive
somatostatin in the epithelial layer and of toad kidney (b) showing somatostatin in two tubules,
with many nonfluorescing tubules. (c, d, and e) Peroxidase-antiperoxidase visualization of
somatostatin in kidney distal tubules and collecting ducts, with many somatostatin-negative
proximal tubules; (d) shows somatostation-positive collecting duct and somatostatin-negative
proximal tubule (left of duct) and glomerulus (right of duct); and (e) shows a tubule with dense
cytoplasmic immunoreactivity (upper part of photo) in contrast to a complete absence of immu-
noreactivity in the proximal tubule (lower part of photo). Scale bars: 25 um in (a), (b), (d), and

(e); 100 pm in (c).
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neighboring cells (8). In this study we
demonstrated that somatostatin is pres-
ent in the layer of toad urinary bladder
epithelium that is responsive to anti-
diuretic hormone. Further, because
somatostatin influences water resorption
in mammalian kidney (9), we measured
somatostatin in kidney by immunoassay
and demonstrated its presence immuno-
histochemically in collecting ducts and
distal tubules (but not in proximal tu-
bules or glomeruli). The presence of this
peptide modulator in renal tissue, when
considered together with evidence that
somatostatin impairs the hydroosmotic
response to antidiuretic hormone in toad
urinary bladder (/) and inhibits the re-
sponse to this hormone in the mamma-
lian kidney in vivo (9), suggests that
somatostatin-like material may have a
paracrine role in the renal-urinary tract.

Urinary bladders and kidneys were
quickly excised from decapitated Bufo
marinus (10), rinsed in 200 mM NacCl,
and frozen on dry ice for immuno-
fluorescence processing or fixed for 2 to
4 hours in 10 percent neutral buffered
formaldehyde for peroxidase-antiperoxi-
dase (PAP) immunohistochemistry (I7-
13). Acetic acid extracts of tissue ho-
mogenates were lyophilized and reex-
tracted with acetone-petroleum ether
(14). Procedures for Biogel P4 chroma-
tography, protein determination, and
somatostatin radioimmunoassay have
been described (/5).

Immunoreactive somatostatin was
readily demonstrated by immuno-
fluorescence in the epithelial and sub-
epithelial layer of urinary bladder (Fig.
1a). Concentrations of antibody to soma-
tostatin ranged from 1: 50 to 1:200. Fluo-
rescence was most intense in the epithe-
lial layers, where it was present in virtu-
ally all cells, and was less intense
in the subepithelial layer. Immuno-
reactivity was eliminated by preabsorp-
tion of the antiserum with synthetic
somatostatin. In the kidney, a distinct
pattern of immunoreactive somatostatin
was observed in many tubules (Fig. 1b).
As in the bladder, immunofluorescence
was eliminated by preabsorption with
synthetic somatostatin.

Immunohistochemical preparations
with the PAP technique confirmed that
immunoreactive somatostatin was dis-
tributed in the urinary bladder epithe-
lium. In the kidney, positive reaction
product was concentrated in most col-
lecting ducts and many distal tubules
(Fig. 1c). Positive staining was observed
at antibody to somatostatin titers be-
tween 1:200 and 1: 1000, but staining was
negative at an antibody dilution of
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from antibody to somatostatin by tissue extracts, after @
Biogel P4 chromatography, of bladder from three differ-
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tostatin. Separated on Biogel P4 columns.
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1:5000 or when antibody was pre-
absorbed with synthetic somatostatin.
Preabsorption of the antibody with argi-
nine vasopressin or arginine vasotocin
(2 X 107*M) did not alter positive immu-
noreactivity. The intense staining was
demonstrated throughout the cell (Fig.
le) in collecting ducts and distal tubules
(Fig. 1, ¢ to e, upper tubule), but not in
the cells of proximal tubules (Fig. 1, d
and e, lower tubule) nor in glomeruli
(Fig. 1d).

Extracts of the toad bladder (N = 46)
contained 4.5 *= 0.3 pg of somatostatin
per microgram of protein; Kkidney
(N =4), 0.015 = 0.002 pg per micro-
gram of protein. The immunoreactivity
of samples from both the bladder and
kidney showed parallel displacement in
the radioimmunoassay when compared
with standard cyclic somatostatin (Fig.
2a), and bladder extracts eluted from
Biogel P4 with the same mobility as stan-
dard somatostatin (Fig. 2b). Because the
concentrations of somatostatin in toad
kidney were low, Biogel P4 chromatog-
raphy of kidney extracts was not satis-
factory.

Since intense positive immuno-
fluorescence and PAP staining were ob-
served throughout the epithelial cell lay-
er of the urinary bladder, we conclude
that somatostatin is present in both prin-
cipal cell types of this layer, the granular
cells and mitochondria-rich cells. Al-
though the glomeruli and proximal renal
tubules were immunohistochemically
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negative, many distal tubules and most
collecting ducts stained positively for
somatostatin. This heterogeneity of posi-
tive somatostatin immunoreactivity in
the distal nephron suggests that different
segments of the distal nephron are func-
tionally heterogeneous.

Several lines of evidence suggest that
both the immunoreaction product detect-
ed by immunofluorescence and PAP
staining and the material immuno-
assayed in the toad bladder and kidney
are true somatostatin. First, positive im-
munohistochemical staining was elimi-
nated by preabsorption of antibody to
somatostatin with synthetic somatosta-
tin. Second, the material extracted from
both the bladder and the kidney dis-
placed '?’I-labeled somatostatin from
antibody to somatostatin in a manner
identical to that of synthetic somatosta-
tin, and urinary bladder extracts dis-
played the same chromatographic behav-
ior on Biogel P4 columns as did the au-
thentic tetradecapeptide (Fig. 2).

In conclusion, this study indicates that
somatostatin may serve a local regula-
tory or paracrine function in the anti-
diuretic hormone-sensitive portions of
the toad renal-urinary system. The rele-
vance of this finding to mammalian renal
function is uncertain, since data con-
cerning the presence of somatostatin in
the mammalian renal-urinary system are
conflicting. We previously reported that
we could not detect this peptide by ra-
dioimmunoassay in extracts of rat kid-
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ney (6), nor were Vale et al. (3) able to
do so, although Kronheim et al. (16)
found immunoreactive material in small
amounts in this tissue. Since infusions of
somatostatin increase urine flow and de-
crease urine osmolality during hormo-
nally induced antidiuresis in dogs (9),
somatostatin may play a role in the regu-
lation of mammalian renal function.
JANICE L. BOLAFFI
SEYMOUR REICHLIN
Endocrine Division, Tufts University
School of Medicine, New England
Medical Center Hospital,
Boston, Massachusetts 02111
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Liquid-Phase Dehydration of Aqueous
Ethanol-Gasoline Mixtures

Abstract. Two-phase mixtures of gasoline, water, and ethanol were dehydrated
with both starch and saponified starch-g-polyacrylonitrile (HSPAN). Whereas starch
absorbed ethanol as well as water, HSPAN selectively absorbed the water com-
ponent, allowing ethanol to dissolve in the gasoline phase.

Ladisch and Dyck (/) have shown that
the ratio of the combustion energy of
ethanol to the distillation energy as a
function of the percentage of ethanol in
the distillate drops rapidly above about
92 percent ethanol. As one approaches
95 percent ethanol, the input of energy
begins to approach the amount of energy
gained through combustion. Azeotropic
distillation to produce the nearly an-
hydrous ethanol that is needed for blend-
ing with gasoline (to avoid phase separa-
tion) is a further detriment to the energy
balance. The water tolerance of a blend
of 10 percent ethanol in gasoline is about
0.3 percent (2). Ladisch and Dyck ()
successfully dehydrated aqueous ethanol
by passing the vapor through a column
packed with a number of inexpensive
dehydrating agents, such as starch,
cracked corn, cellulose, and carboxy-
methyl cellulose. The use of saponified
starch-g-polyacrylonitrile (3) (HSPAN,
sometimes referred to as super slurper)
was also suggested.

In this report, we describe a method
for the dehydration of ethanol in the lig-
uid phase, in which an absorbent poly-
mer, particularly HSPAN, is contacted
at room temperature with a two-phase

mixture of aqueous ethanol and unleaded
gasoline (Table 1). The HSPAN used
was a commercial sample (SGP 502S,
Henkel Corporation) (4) that was
screened to isolate the fraction passing
20-mesh but held by 40-mesh. It con-
tained 10 percent water. The aqueous
ethanol solutions contained 95, 90, and
80 percent ethanol (by volume) [93.7,
86.7, and 75.9 percent (by weight)], and
the ratios of aqueous ethanol to gasoline
were chosen to give typical gasohol
blends of 10:90 by volume [11.1 to.11.3
percent ethanol (by weight)], after re-
moval of water. The weight of polymer
added was slightly in excess of that
needed to absorb all of the lower, water-
containing layer.

Gas chromatographic analysis for eth-
anol was made difficult by the numerous
components present in gasoline; how-
ever, acceptable results were obtained
on a Bendix 2500 gas chromatograph
with a flame ionization detector (2 m by
0.32 cm glass column packed with 15 per-
cent Carbowax 20M on Gas-Chrom Q).
The column temperature of 65° to 190°C
was programmed at 15°C per minute. We
constructed a standard curve of detector
response versus the percentage of eth-
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Table 1. Dehydration of aqueous ethanol-gasoline mixtures: analysis of the gasoline phase.
Gasoline (90 ml) was mixed with sufficient aqueous ethanol to give 90:10 (by volume) gasohol,
after removal of water. Polymer was added and the mixture shaken overnight at room temper-
ature. An ethanol content in gasoline of 10 percent (by volume) corresponds to 11.1 percent
ethanol (by weight) because of the higher density of ethanol. For this calculation, the density
of gasoline was equated with the density of octane.

Aqueous Controls, no
ethanol polymer added Cornstarch* added HSPANT added
used, %

byvolume Water Ethanol , =~ .= Water Ethanol , -~ .= Water Ethanol

ooy Goby - Geby T Geby - @by SN @by - (by

weight)  weight) weight) weight) weight) weight) weight)
95(93.7) 0.51 10.5 2 0.60 10.6 0.5 0.50 11.1
90 (86.7) 0.39 7.4 8 0.43 8.6 5 0.41 10.8
80(75.9) 0.20 5.0 10 0.18 5.2 10 0.41 10.6

*Water content, 12 percent. tWater content, 10 percent.
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