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The ability of somatostatin (SRIF) to in- 
hibit the release of insulin and glucagon 
from the rat pancreas is well documented 
(1-6). Other studies have shown effects of 
such inhibition of pancreatic endocrine 
function on glucose, free fatty acid (FFA), 
and ketone body metabolism (6-10). Soma- 
tostatin in vivo does not appear to have a 
direct effect on glycogenolysis or gluconeo- 
genesis (6, 11, 12). It has been reported, 
however, that somatostatin inhibits gluca- 
gon stimulation of these two metabolic proc- 
esses in isolated hepatocytes (13). Thus, the 
evidence for a direct extrapancreatic action 
of somatostatin has been contradictory (6, 

We studied the extrapancreatic effects of 
somatostatin on blood glucose, ketone 
body, FFA, cholesterol, amino acid, and 
urea metabolism in the eviscerated rat with 
a functional liver, after establishing the ac- 
tivity of our somatostatin preparation in the 
intact rat. 

Materials and methods. In the first study, 
male Sprague-Dawley rats (200-250 g) 
were fasted overnight. They were then an- 
aesthetized with sodium amobarbital (1 0 
mg/100 g body wt), and a catheter was in- 
serted into the femoral vein. Either soma- 
tostatin (100 &ml) or normal saline was 
administered (0.5 ml bolus and 0.5 ml con- 
stant infusion for 30 min). At  0, 10, 30, or 
45 min of infusion, blood was collected via 
abdominal aortic puncture, and aliquots of 
whole blood or serum were frozen for later 
analysis. 

In the second study, male Sprague-Daw- 
ley rats (200-250 g) were eviscerated with a 
functional liver maintained in situ by a 
method previously described (1 4). Twenty- 
four hours postoperatively these rats were 
infused (as described above), and blood 
samples were similarly collected. 

Blood glucose (15), plasma FFA (16), 
blood ketone bodies (17), plasma total, free 
and esterified cholesterol (1 8), plasma 

11-13). 

amino nitrogen (1 9), and plasma urea nitro- 
gen (20) were determined in all samples. 

In another series of rats, similarly oper- 
ated and infused, tail vein glucose and /3- 
OH-butyrate were measured at 0, 10, 30, 
and 45 min. P-OH-butyrate levels were de- 
termined fluorimetrically (2 1). 

Results. Table I shows the concentrations 
of blood glucose, ketone bodies, FFA, total, 
free, and esterified cholesterol, amino nitro- 
gen, and urea nitrogen at different times 
during somatostatin infusion in intact 24-hr 
fasted animals. Blood glucose levels in con- 
trol animals fell continuously during the in- 
fusion period. In somatostatin-infused ani- 
mals, however, blood glucose rose slightly 
at 10 and 30 min and showed significantly 
higher values than saline controls. 

Blood ketone bodies in somatostatin-in- 
fused animals showed a significant increase 
over controls at 30 min. Plasma FFA in 
somatostatin-infused animals was signifi- 
cantly lower as compared to control animals 
after 30 min. Total and esterified choles- 
terol and urea nitrogen levels were de- 
creased in somatostatin-infused animals. No 
differences in free cholesterol were ob- 
served during the infusion as compared with 
control rats. 

Table I1 shows the effect of somatostatin 
infusion on the above metabolites in the 
eviscerated animals with functional livers. 
No difference was observed between soma- 
tostatin-infused animals and controls. 

Table I11 shows the changes in blood con- 
centrations of P-OH-butyrate and glucose in 
the same eviscerated rat at each time pe- 
riod. In these experiments no differences 
between somatostatin-infused animals and 
saline controls were observed. 

Discussion. The ability of somatostatin to 
block pancreatic secretion of glucagon and 
insulin in the intact rat is well established. It 
has been reported that somatostatin, at con- 
centrations of 100 ng/ml, suppresses basal 
and epinephrine stimulated glucagon 
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TABLE I. THE EFFECT OF SOMATOSTATIN INFUSION (0-30 MIN) ON BLOOD METABOLUES IN 24HR FASTED 
RATS. 

Time (min) 

0 10 30 45 
Glucose (mg/ 

dl) 

(mg/dl) 
Ketone bodies 

FFA (pEq/ml) 

Total choles- 
terol (mg/dl) 

Free choles- 
terol (mg/dl) 

Esterified cho- 
lesterol (mg/ 
dl) 

gen (mg/dl) 

(mg/dl) 

Amino nitro- 

Urea nitrogen 

SAL 
SRIF 

SAL 
SRIF 

SAL 
SRIF 

SAL 
SRIF 

SAL 
SRIF 

SAL 
SRIF 

SAL 
SRIF 

SAL 
SRIF 

86.2 2 14.8 
84'9 7*5  75.8 2 11.0 

40.8 2 6.8 
57'3 4'23 55.6 2 9.9 

27.4 2 5.2 50'0 8'7 
22.2 f 3.5** 

3.80 k 0.20 4'55 * 6*4  4.10 ? 0.44 

64.2 2 3.7 
81.4 2 6.1** 

78.4 2 4.5 
75.1 * 4.0 

1.78 k 0.28 
4.33 2 0.72* 

0.56 2 0.09 
0.67 2 0.06 

1.44 2 0.19 
0.93 2 0.03** 

0.84 4 0.05 
0.74 f 0.04 

94.9 k 7.3 77.2 k 8.9 
76.6 ? 6.4** 83.6 2 11.7 

45.5 k 7.2 38.1 k 6.5 
41.1 k 6.6 53.5 k 5.7 

49.1 k 5.7 40.1 2 07.1 
36.9 2 6.4 41.1 * 10.9 

3.86 2 0.45 3.48 k 0.44 
4.66 2 0.42 3.85 2 0.65 

29.6 2 2.0 21.5 ? 0.7 
25.8 2 1.3 22.8 2 1.3 

* p  < 0.01. 
* * p  < 0.05. 
a N = 10 at each time. 

TABLE 11. THE EFFECT OF SOMATOSTATIN INFUSION (0-30 MIN) ON BLOOD METABOLITES IN EVISCERATED 
RATS WITH FUNCTIONAL LIVERS. a 

Time (min) 

0 10 30 45 

Glucose (mg/ 
dl) 

(mg/dl) 
Ketone bodies 

FFA (uEq/ml) 

Total choles- 
terol (mg/dl) 

Free choles- 
terol (mg/dl) 

Esterified cho- 
lesterol (mg/ 
dl) 

Amino nitro- 
gen (mg/dl) 

(mg/dl) 
Urea nitrogen 

SAL 
SRIF 

SAL 
SRIF 

SAL 
SRIF 

SAL 
SRIF 

SAL 
SRIF 

SAL 
SRIF 

SAL 
SRIF 

SAL 
SRIF 

270.4 ? 12.4 

6.69 2 1.30 

1.85 k .09 

83.2 k 10.9 

50.7 2 5.1 

23.8 & 5.7 

10.96 2 1.38 

48.7 ? 3.9  

273.1 2 16.6 
261.0 2 15.2 

4.76 * 0.92 
5.19 k 0.86 

1.95 * 0.10 
2.01 +- 0.11 

78.4 2 4.1 
98.0 2 10.6 

35.9 f 4.5 
35.2 k 2.9 

19.1 2 2.0 
15.0 & 2.0 

10.09 2 0.63 
10.95 2 1.16 

33.8 2 1.9 
36.6 2.2 

245.8 k 13.8 
251.6 2 9.1 

7.35 f 1.03 
6.85 k 1.45 

1.80 & 0.13 
1.92 & 0.08 

78.6 2 5.2 
86.2 2 8.7 

47.0 * 3.72 
42.9 k 2.60 

30.6 k 3.50 
43.2 2 7.82 

10.50 2 0.96 
11.65 k 0.90 

36.2 2 2.5 
36.3 ? 2.2 

280.3 2 15.9 
263.4 k 12.0 

6.52 ? 0.68 
6.57 k 0.90 

1.90 2 0.11 
2.00 k 0.07 

71.6 2 6.2 
74.2 2 5.0 

40.6 k 4.1 
33.6 +- 3.1 

31.0 2 5.6 
37.8 * 6.0 

8.41 ? 1.75 
9.82 2 1.95 

42.9 2 3.3 
42.9 k 3.1 

a N = 10 at each time period. 
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TABLE 111. EFFECT OF SOMATOSTATIN INFUSION (0-30 MIN) ON BLOOD GI.UCOSE AND p-OH-BUTYRATE IN 
EVISCERATED RATS WITH FUNCTIONING LIVERS. 

Time (min) 

N 0 10 30 45 

Glucose (mg/dl) SAL 8 285.3 2 20.9 290.0 2 21.0 283.9 2 20.2 287.9 2 19.1 
SRIF 8 282.5 k 20.5 275.3 * 23.2 272.6 k 14.2 269.6 k 14.2 

p- 0 H- Bu t y ra t e SAL 8 5.73 2 0.68 5.71 2 .76 5.70 ? .77 5.86 2 0.84 
(millimoles/li- SRIF 8 6.85 2 1.01 6.67 2 .95 6.85 ? .98 6.89 2 1.02 
ter) 

release (2), as well as basal and glucose 
stimulated insulin release (4) from the iso- 
lated perfused rat pancreas. In other work, 
insulin and glucagon levels reportedly fell to 
undetectable levels in three out of four 
fasted intact baboons during a somatostatin 
infusion (7). Thus, at sufficiently high con- 
centrations of somatostatin , a total pan- 
creatic endocrine blockade can occur. 

Very high doses of somatostatin were uti- 
lized in these experiments. Such a high con- 
centration of somatostatin (8-12 pg/ml) 
presumably causes complete inhibition of in- 
sulin and glucagon release. Although plasma 
concentrations of IRI and IRG were not 
measured, the observed effects of somatos- 
tatin may have resulted from an acute sup- 
pression of pancreatic endocrine function. 

The increased blood glucose levels ob- 
served in the intact rat during somatostatin 
infusion may be due to a blockade of insulin 
release which results in decreased glucose 
utilization. Gluconeogenesis also seems to 
be acutely imparied since urea levels are 
lowered. This may be due to somatostatin’s 
inhibition of glucagon secretion. However, 
the net effect of somatostatin infusion is 
hyperglycemia due to decreased glucose uti- 
lization. 

The decrease in plasma FFA observed 
during the somatostatin infusion could have 
resulted either from increased tissue utiliza- 
tion of lipid moieties or from a decrease in 
lipolysis resulting from the somatostatin in- 
hibition of glucagon secretion. The drop in 
total cholesterol might be explained by an 
associated decrease in esterified cholesterol 
synthesis as fatty acid oxidation increased. 

These metabolic alterations observed dur- 
ing a somatostatin infusion seem to be due 
to a bihormonal deficit of both insulin and 
glucagon. However, the metabolic conse- 

quences of insulin deficiency override the 
metabolic contribution of glucagon lack. 
The net effect observed under these circum- 
stances is hyperglycemia and hyerketone- 
mia. 

Somatostatin has been shown to reduce 
the hyperglycemia produced under condi- 
tions of insulin deficiency by lowering circu- 
lating glucagon levels (8). In our eviscerated 
preparation, however, where both pan- 
creatic and intestinal sources of glucagon, as 
well as insulin, were removed, no such ef- 
fect of somatostatin on blood glucose was 
observed, The hyperglycemia and hyperke- 
tonemia already present before somatosta- 
tin infusion were unchanged by somatosta- 
tin. Somatostatin did not alter plasma levels 
of any of the other metabolites measured in 
our eviscerate preparation. A recent report 
suggested that somatostatin might selec- 
tively decrease alanine and increase gluta- 
mine release from muscle in vitro (22). We 
previously reported, however, that there 
was no significant effect of somatostatin on 
alanine release from perfused rat hind limb 
preparations (1 1). 

Our data demonstrate, therefore, that in- 
fusion of somatostatin affects blood metabo- 
lites by altering the secretion of insulin and 
glucagon and not by any direct effect on 
metabolite production or utilization. 

Summary. We studied the effect of soma- 
tostatin on various metabolic parameters in 
the fasted intact rat and in the eviscerated 
rat with a functional liver. In the fasted 
intact animal, high doses of somatostatin 
produced an elevation of blood glucose and 
ketone bodies together with a decrease in 
plasma FFA, total and esterified choles- 
terol, and urea nitrogen. We have postu- 
lated, therefore, that high levels of somatos- 
tatin (1 00 pg) may cause a functional endo- 
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crine pancreatectomy in normal rats. The 
metabolic consequences are due more to the 
insulin deficit than the lowered glucagon 
levels. Somatostatin had no effect on any of 
the parameters measured in eviscerated 
rats. We concluded that somatostatin has no 
extrapancreatic metabolic effects in this 
model. 
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