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Tissue Somatostatin Levels in Three Models of Genetic Obesity in Rats (42515)
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Abstract. A potential role for somatostatin (SRIF) in the pathogenesis of the hyperinsulinemia
of obese rats was considered. SRIF like immunoreactivity (ng/mg protein) was therefore measured
in hot 2 N acetic acid extracts of pancreas, stomach, pituitary, and hypothalamus in tissues
obtained from three models of genetic obesity in rats. These models included the obese and lean
controls of LA/N-cp, SHR/N-cp, and Zucker rats. To assess the effects of diet on SRIF levels,
mixed diets were provided ad /ib which contained a carbohydrate as either sucrose or starch.
Some groups were fed chow diets. No significant dietary effects on tissue levels of SRIF were
obtained. However, two of the three models (Zucker and SHR/N-cp) showed phenotypic effects
on SRIF levels in pancreas; namely, obese rats showed a significantly greater concentration of
SRIF (P < 0.0005 and < 0.0002, respectively) than did the lean littermates. These findings were
confirmed by measurement of total pancreas SRIF content. Gastric levels were significantly altered
only in the obese Zucker rats (P < 0.005) where obese tissues had lower concentrations than
those of lean animals. However similar directional changes in pancreas and stomach were observed
in all models. It is concluded that the hyperinsulinemia of the obese animals studied is not due
to absolute deficiency in pancreatic SRIF content. It is postulated however that decreased pancreatic
SRIF secretion (paracrine or otherwise) relative to pancreatic insulin content could still play a

role.

© 1987 Society for Experimental Biology and Medicine.

The precise mechanisms for the develop-
ment of hyperinsulinemia in genetically obese
animals are not known. One possibility that
we have considered is that alterations in pan-
creatic and/or gastrointestinal content or in
the concentration of somatostatin (SRIF)
contribute to the hyperinsulinemia. Since
SRIF is a potent inhibitor of pancreatic insulin
release (1) it was postulated that lower than
normal levels of pancreatic SRIF might result
in increased secretion of insulin into the portal
and peripheral blood. Further, a lower than
normal gut content of SRIF might enhance
nutrient absorption and thereby also contrib-
ute to high plasma levels of insulin (2). Such
a hypothesis is based on the observation that
glucose absorption is impaired by SRIF (3).
In the obese mouse (0b/ob) such a low con-
centration of tissue SRIF has in fact been
demonstrated in both stomach and pancreas
by two separate investigators (4, 5) though
these findings are not supported by the work
of Dolais-Kitabgi et al. (6). In the obese Zucker
rat, we and others (7, 8) reported that although
gastric levels were reduced, pancreatic levels
of somatostatin were significantly higher than
those in lean littermates (8).

It was therefore of interest to determine
whether other genetically obese animal models
show alterations in tissue SRIF levels. In this
report, two newly described obese rat models
were studied and compared with Zucker rats.
One was the LA/N-¢p (9), an obese, hyperin-
sulinemic, hyperlipemic animal, and the other
was the spontaneously hypertensive rat (SHR)
into which the corpulent gene was introduced
to produce a nonhypertensive obese diabetic
rat (SHR/N-¢p) (10, 11). The lean littermate
is hypertensive but not diabetic. During the
course of these studies, the effect of dietary
sucrose on tissue SRIF levels was measured
since this form of carbohydrate when com-
pared with starch has been reported to increase
plasma insulin levels particularly in obese
models (10).

Materials and Methods. 4. Animal models.
The animal models of obesity utilized included
three genetic varieties: a new strain of LA/N-
¢p obese male rats (¢p/cp) and their lean lit-
termates (+/?) (9), female Zucker rats ( fa/fa)
and their lean littermates (4/?) (7, 8), and the
most recently described model, the obese male
SHR/N-c¢p (¢p/cp) and lean littermates (+/?)
(10, 11). Zucker rats were purchased from Dr.

0037-9727/87 $1.50
Copyright © 1987 by the Society for Experimental Biology and Medicine.
All rights reserved.



50

Julia Clarke of the Department of Pharma-
cology at the University of Indiana (Indianap-
olis, Indiana). The other animals were ob-
tained from Dr. O. E. Michaelis (Carbohydrate
Nutrition Laboratories, USDA, Beltsville
MD,) and Dr. Carl Hansen (Small Animal
Section, Veterinary Resources Branch, NIH,
Bethesda, MD).

All animals were approximately 4 weeks of
age at the onset of dietary treatment. They
were maintained at constant temperature on
a 12-hr reversed light/dark cycle with unlim-
ited access to food. They were fed diets con-
taining 54% carbohydrate as either sucrose or
cornstarch plus 10% casein, 10% lactalbumin,
5.9% cellulose, 4% beef tallow, 4% lard, 4%
corn oil, 4% hydrogenated coconut oil 3% AIN
salt mix, and 1% vitamin fortification mix (9)
for a periods of 6-12 weeks. Additional groups
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of Zucker and SHR rats received standard
chow diets for the same time periods. Sacrifice
was carried out at a fixed time (11:00 AM to
1:00 PM) after overnight fasting except as in-
dicated in Table 1. Animals were brought into
the room individually and decapitated. Trunk
blood was collected in tubes containing 1000
U Trasylol (FBA Pharmacia, New York, NY)
and 10.5 mg EDTA. Plasma was separated and
stored at —70°C; glucose was measured by an
enzymatic method (hexokinase) utilizing the
centrifichem analyzer. Plasma insulin was
measured by the double-antibody method of
Morgan and Lazarow (12). Pancreatic rat in-
sulin was a gift from Eli Lilly and utilized as
a standard in the insulin assays.

B. Tissue extracts. Pancreas, stomach, pi-
tuitary, and hypothalamus were rapidly dis-
sected, rinsed in cold saline, and frozen on dry

TABLE 1. WEIGHT GAIN, PLASMA GLUCOSE AND INSULIN IN THREE MODELS OF GENETICALLY
OBESE AND LEAN RATS FED DIFFERENT DIETS

No. of Weight gain® Plasma glucose Plasma unsulin
Strain Phenotype Diet rats (g) (mg/100 ml) (pU/ml)
LA/N-cp Lean Starch 6 252+ 7 (a)* 81+11 (a) 65+ 8(a)
Lean Sucrose 6 282+ 12 (a) 97+ 7(a, b) 75+ 14 (a)
Obese Starch 6 501 £21 (b) 63+ 9 (a) 433+ 84 (b)
Obese Sucrose 6 518+ 16 (b) 111+ 3 (b) 496+ 71 (b)
SHR/N-cp Lean Starch 4 361+ 19 (a) 93+ 6 (a) 228 £ 102 (a)
Lean Sucrose 5 405+ 6 (a) 91+ 2(a) 178 = 45 (a)
Obese Starch 4 576 + 13 (b) 92+ 3(a) 3377+ 531 (b)
Obese Sucrose 5 563+ 16 (b) 135+21 (a) 3385+ 202 (b)
SHR/N-cp® Lean Chow 18 301 +30 (a) 123+ 4 (a) 276 = 47 (a)
Obese Chow 18 427 +21 (b) 325+ 13 (b) 4053+ 547 (b)
Zucker Lean Starch 6 184 + 10 (a) 106 £ 2 (a, b) 39+ 6(a)
Lean Sucrose 6 172+ 13 (a) 108+ 5 (a, b, ¢) 66+ 12 (a)
Lean Chow 6 135+ 4 (b) 98+ 8 (a) 50+ 5 (a)
Obese Starch 6 35011 (¢) 113+ 2(a, b, ¢) 144+ 20 (b)
Obese Sucrose 6 322+ 7(d) 122+ 5 (¢) 196 £ 22 (b)
Obese Chow 6 284+ 8 (e) 115+ 2 (b, ¢) 150+ 30 (b)
Anova
LA/N-cp Phenotype P <0.0001 NS P <0.0001
Diet NS P<0.05 NS
SHR/N-cp (fasted) Phenotype P <0.0003 NS P <0.0001
Diet NS NS NS
SHR/N-cp (fed) Phenotype P <0.0003 P <0.0001 P <0.0001
Zucker Phenotype P <0.0001 P <0.005 P<0.001
Diet P <0.0001 NS NS

% Rats were sacrificed in fed state.

b Different letters (a—e) indicate significant differences in mean values within a group.

¢ Mean + SEM.
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ice. The tissues were then extracted for 10 min
in boiling 2 N acetic acid, chilled on ice, and
homogenized with a Brinkman polytron at
setting No. 35 for 20-30 sec. An aliquot was
removed for protein determination (13), and
the remainder was centrifuged at 4°C for 10
min at 12,000g. The supernatant was quickly
separated, lyophilized, and stored at —20°C
until assayed for SRIF. SRIF was assayed by
radioimmunoassay as previously described
and validated (14). SRIF antibody was a gift
from Dr. John E. Gerich.

Statistical analysis was carried out by ran-
domized complete block analysis of variance
(ANOVA) to test the influence of phenotype
and diet upon tissue levels of SRIF.

Results. The diets, the number of animals
in each group, the body weight gain, and the
plasma insulin (IRI) and glucose levels are
shown in Table 1. It may be seen that signifi-
cant increments in weight and elevated levels
of plasma insulin are present in the obese rats
of all three genetic models. These effects are
phenotypically determined. A phenotypic ef-
fect on plasma glucose was seen in the Zucker
rats and in the SHR rats fed a chow diet. The
obese animals manifested higher glucose levels
than did the lean controls. With regard to di-
etary effects, the LA/N rats, both lean and
obese, showed significantly higher glucose lev-
els on sucrose diets than on starch diets.
Plasma glucose levels were lower in overnight-
fasted SHR animals (lean and obese) than in
those which had not been fasted prior to sac-
rifice. Table II shows the content of SRIF in
pituitary, hypothalamus, stomach, and pan-
creas of the three rat models expressed per
milligram tissue protein. The only significant
effects were phenotypically determined. The
gastric concentration of SRIF was lower in the
obese Zucker rats than in their lean controls
as we previously reported (8). Although the
levels also tended to be lower in the other obese
models, the differences were not statistically
significant. Starch-fed obese SHR rats showed
lower hypothalamic concentrations of SRIF
while obese LA/N animals showed mild in-
creases in pituitary levels.

The major findings occurred in the pan-
creatic concentrations of SRIF. In the Zucker
rats and the obese SHR animals, SRIF con-
centrations were significantly elevated com-
pared with the lean controls. The obese LA/
N-cp rats fed sucrose also showed higher con-

centrations of SRIF though the differences
from controls were not statistically significant.
Dietary composition appeared to have no in-
fluence on SRIF concentrations in any of the
tissues of the animals studied.

In order to better assess the meaning of the
altered SRIF concentrations in pancreas, total
organ content of SRIF was measured and
plotted in Fig. 1. In confirmation of the con-
centration data, total pancreatic SRIF levels
in the obese Zucker and SHR-cp animals were
significantly higher than those in the respective
lean controls. The levels in the obese LA/N-
¢p animals were slightly higher but still not
significantly different from their controls.

Discussion. Since the tissue content of a
peptide is dependent upon many factors, such
as rates of biosynthesis, degradation, and se-
cretion, it should be recognized that the pres-
ence of decreased or increased levels in a tissue
does not automatically imply decreased or in-
creased secretion of the pepide. Further, eval-
vation of the effects of neuroendocrine pep-
tides, such as SRIF, also require consideration
of the likelihood of paracrine effects since in
pancreas SRIF is found in D cells of the islets
of Langerhans in close proximity to B or in-
sulin-secreting cells. With these considerations
in mind, we have examined the tissue concen-
trations and content of SRIF in three obese
rat models. It is clear that the hyperinsulinemia
in the obese animals is not associated with lev-
els of pancreatic SRIF lower than those found
in their lean littermates. In fact, pancreatic
SRIF content was significantly higher in the
obese Zucker and SHR rats and higher (though
not significant) in the LA/N obese rats when
compared with their respective controls.

In a similar vein, gastric levels did not ap-
pear to be involved in the hyperinsulinemia
since, although lower in the obese Zucker rats
than in their controls, the differences in the
other obese models were not significant. It is
of interest however that the directions of SRIF
change in the rat models were similar to each
other.

The highest pancreatic levels of SRIF were
obtained in the obese diabetic model (SHR
rats). This is not surprising since in many in-
stances (15, 16), though not all (17), diabetes
is associated with an increased content of SRIF
in the pancreas. The rat models, however,
contrast against the obese hyperinsulinemic
mouse models (C57B1/6J ob/ob) in that pan-
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FIG. 1. Total pancreatic SRIF (ng) for three strains of corpulent rats and lean littermates studied on three
different diets. All animals were killed after an overnight fast except the chow-fed SHR/N-cp animals. Within
each strain, bars with the same symbol were significantly different (P < 0.05).

creatic SRIF concentrations are lower in the
obese mice (4, 5). In the C57B1/KsJ (db/db)
obese-diabetic mice, however, pancreatic
SRIF was unchanged during the early phase
of the obese-diabetic syndrome (5, 18), while
in the later stages the SRIF levels rose and
plasma insulin levels decreased. It would ap-
pear that the failure to see decreased pancreatic
SRIF in the obese db/db mice was associated
with the diabetic syndrome as compared with
the less complicated 0b/0b nondiabetic syn-
drome.

As noted priorly, the SRIF content of a tis-
sue may or may not reflect the secretory pat-
tern. Unfortunately, measurements of SRIF
secretion from perfused rat pancreas have not
met with success in our laboratory or that of
Gerich (personal communication). It is per-
haps secretion which may be critical in terms
of the metabolic effects of the peptide. In
streptozotocin or alloxan diabetic rats it is ap-
parent that both increased pancreatic SRIF
content and secretion have been described (15,
19). In two separate studies of isolated pan-
creas perfusions in obese rats (Zucker and
Wistar fatty rat) SRIF secretion following ar-
ginine was also increased compared with lean
controls (20, 21). The pancreatic content of

SRIF was increased in the Zucker (7, 8) and
not measured in the other obese animals.

It may be that the ability of pancreatic SRIF
to regulate insulin secretion is dependent upon
the ratio of B cells (insulin secreting) to D cells
(SRIF secreting). In the obese Zucker rat,
Seino er al. (20) showed that the insulin re-
sponse to arginine was increased 10-fold com-
pared to lean controls while the SRIF response
was increased only 3-fold. In the streptozo-
tocin diabetic, the SRIF response was quan-
titatively similar to that in the obese rat (19)
though obviously the available B cells and
hence insulin responses were markedly re-
duced. These findings suggest that either the
B cells in obese rats are resistant to inhibition
by SRIF or, considering the larger number of
functional B cells, more SRIF is necessary to
inhibit their secretion.

Two other features of our observations de-
serve comment. Although the presence of
SRIF in the anterior pituitary has not previ-
ously been described, our findings indicate
that whole-rat pituitary contains significant
amounts of SRIF-like immunoreactive ma-
terial. At this point in time we do not know
whether the SRIF represents uptake and in-
ternalization or contamination from hypo-
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thalamic-portal blood or whether all the mea-
sured SRIF is contributed by the posterior pi-
tuitary and stalk as reported by Patel ef
al. (22).

Finally in the present studies, there were no
significant effects of dietary sucrose, as com-
pared with starch, on tissue SRIF in any of
the obese models and their lean controls.
However, neither was there any diet effect on
fasting plasma insulin values. An effect of su-
crose-containing diets on fasting plasma in-
sulin was not invariably found (10, 11, 23).
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