girls the ratio was greater than unity while
in all of the postmenarcheal girls it was less
than unity, even though all stages of pu-
berty were represented (Table 1).

Previous studies have not disclosed the
presence of monthly gonadotropin cycles
in premenarcheal girls. However, we found
that by using the described autoregressive
smoothing techniques on data collected for
60 consecutive days we were able to sup-
press extraneous variation and allow
monthly gonadotropin surges to become
more apparent. The validity of the tech-
nique is supported by the observation of
normal cycles in postmenarcheal girls. By
studying five premenarcheal girls, in whom
the FSH : LH ratio was appropriate to the
pubertal stage, we have observed monthly
gonadotropin cycles in at least three of
them. This suggests that gonadotropin cy-
cles may have a role even prior to men-
arche.

JAMES W. HANSEN
HowARrp J. HOFFMAN
Grirr T. Ross
Reproduction Research Branch and
Biometry Branch, National Institute of
Child Health and Human Development,
Bethesda, Maryland 20014
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Somatostatin Suppresses Secretin and Pancreatic Exocrine

Secretion

Abstract. Somatostatin, a hypothalamic peptide, suppresses hydrochloric acid-stimu-
lated release of secretin, pancreatic flow rate, and bicarbonate and protein secretion in
Sasted, conscious dogs. It also reduces nonstimulated pancreatic exocrine secretion but
does not affect basal secretin concentrations. Suppression of HCl-stimulated secretin re-
lease is complete, whereas pancreatic flow rate and bicarbonate and protein secretions are
only partially inhibited. The action of somatostatin is rapid in onset and quickly revers-

ible.

Somatostatin (somatotropin-release in-
hibiting factor, SRIF), a tetradecapeptide
isolated from ovine hypothalamic extracts,
inhibits the release of growth hormone
from the pituitary gland (/). SRIF was
also found to suppress thyrotropin (TSH)
release stimulated by thyrotropin-releasing
factor (TRF) (2), both basal and arginine-
stimulated insulin and glucagon release
from the pancreas (3), and basal as well as
food-stimulated gastrin release from the
stomach (4).

We have investigated the effect of SRIF
on the release of immunoreactive secretin
(IRS) from the proximal small intestine
and have found that SRIF suppresses both
the HCl-mediated IRS release and the
pancreatic secretion of water, bicarbonate,
and protein. All experiments were per-
formed on conscious dogs that had been
fasted overnight and that had long-term
pancreatic fistulas. The fistulas had been
prepared 3 weeks earlier according to the
technique of Herrera (5) with two modifi-
cations: (i) the minor pancreatic duct was
ligated and (ii) the continuity of stomach,
duodenum, and jejunum was reestablished
after the preparation of the duodenal
pouch.

Figure 1 shows data obtained from six
experiments in four dogs. Synthetic SRIF
(200 pug, the cyclic form) infused contin-
uously for 30 minutes into a hind leg vein
had no significant effect on IRS concentra-
tions (6). However, somatostatin sup-
pressed further the low basal pancreatic
flow and bicarbonate (7) and protein (8) se-
cretion to barely detectable amounts
(P < .05). This observation raised the pos-
sibility that SRIF may inhibit basal pan-
creatic secretion through secretin-indepen-
dent mechanisms. In contrast, HCl-medi-
ated IRS release was completely sup-
pressed by SRIF. When SRIF (200 ng/30

minutes) was infused concurrently with
HCl (9.6 meq/30 minutes, intraduo-
denally), there was no statistically sig-
nificant rise in IRS concentrations. By
comparison, when HCI was infused with-
out SRIF, IRS rose from 610 + 61 punit/
ml to 1110 + 187 punit/ml (P < .001)
9). '

HCl-stimulated pancreatic flow rate and
bicarbonate and protein secretion were all
partially suppressed by somatostatin.
When SRIF was infused concurrently with
HCI, the incremental increases were
7.3 £2.6 ml/15 minutes for flow rate,
0.60 = 0.26 meq/15 minutes for bicarbo-
nate secretion, and 83 + 22 mg/15 minutes
for protein secretion. However, consid-
erably greater increases were observed
when HCl was infused alone. Flow
rate increased by 21.8 + 1.2 ml/15 min-
utes, bicarbonate secretion increased by
2.06 = 0.31 meq/15 minutes, and protein
secretion increased by 232 +25 mg/15
minutes. Thus, SRIF had reduced the
HCl-stimulated increase in pancreatic flow
rate by 67 percent, bicarbonate secretion
by 72 percent, and protein secretion by 64
percent. These reductions were statistically
significant (P < .001 for flow rate and bi-
carbonate secretion and P < .05 for pro-
tein secretion). Therefore, it appeared that
SRIF affected HCl-stimulated IRS release
more than pancreatic exocrine function.
This was particularly evident in three dogs
whose IRS responses were completely
abolished but, nevertheless, showed dis-
tinct increases in pancreatic secretions dur-
ing HCI plus SRIF infusions. The observa-
tion that the pancreatic secretions were
only partially suppressed was not surpris-
ing. The stimulation of pancreatic exocrine
function by HCI is a complex phenome-
non. It involves the release of secretin,
cholecystokinin-pancreozymin, and prob-
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ably still other unidentified factors. Com-
plete suppression of all these factors by
SRIF would be unlikely.

While the achievement of complete hor-
mone suppression may depend on the dose
of SRIF used, the timing of administration
of somatostatin also has been shown to
play a role. Johnson et al. reported com-
plete suppression of arginine-stimulated
insulin release by prior treatment for 5
minutes with somatostatin while only par-
tial suppression was observed when soma-
tostatin and arginine were administered
concurrently (10).

* P< ,001

SRIF

IRS (uU/ml)

L L 4 I

SRIF
HCI

In our study we found the inhibitory ef-
fect of somatostatin on IRS release and
exocrine pancreatic secretion to be short-
lived and completely reversible. In three of
our six experiments, HCI administration
preceded SRIF infusion, whereas in the re-
maining three the sequence was reversed
and HCl was given 60 minutes after the
end of SRIF infusion. IRS responses to
HCI in both series were identical; that is,
they were the same before or 60 minutes
after SRIF administration, an indication
that the suppressive effects of somatostatin
were no longer demonstrable 1 hour after

+ P< .01
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Fig. 1. Effects of infusions of somatostatin (SRIF), somatostatin plus HCI, and HCl alone on serum
immunoreactive secretin (IRS), pancreatic flow rate, and bicarbonate and protein secretion. Shown
are means -t the standard error of the mean of six experiments in four conscious dogs. Somatostatin
was infused intravenously (200 ug/30 minutes), HCI was administered intraduodenally (9.6 meq/30
minutes). In three experiments somatostatin plus HCl was preceded by somatostatin and followed
by HCL. In the remaining three experiments, the order of infusions was reversed (HCI preceded
somatostatin plus HCI which was followed by somatostatin). For statistical evaluation (paired Stu-
dent’s t-test) data during infusions were compared to those immediately preceding the respective in-
fusions. Somatostatin did not change basal secretin concentrations but did suppress basal flow rate
and bicarbonate and protein secretion. Somatostatin caused complete suppression of HCl-stimu-
lated secretin release and partial suppression of pancreatic flow rate and bicarbonate and protein se-

cretion.
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the infusion was discontinued. Rapid onset
and reversibility of action has been the
general experience of all investigators
studying the influence of somatostatin on a
variety of different hormonal systems (/0-
12).

Our findings have added secretin, a gut
hormone, to the list of other hormones
whose release is inhibited by somatostatin.
The physiologic significance of these find-
ings is uncertain. So far, SRIF has not
been detected in peripheral blood. How-
ever, Arimura et al. (I3) have demon-
strated the presence of SRIF in rat pan-
creas, stomach, and duodenum. These
findings suggest the possibility that soma-
tostatin may have a physiologic role in the
secretion of pituitary, pancreatic, gastric,
and duodenal hormones.

The amounts of somatostatin that we
and others have used are most likely phar-
macologic. Nevertheless, SRIF is now be-
ing tried as a therapeutic agent in acro-
megalic (/2) and diabetic patients (/4). In
addition, it may be useful in the medical
treatment of gastrin-secreting tumors. Its
capacity to suppress exocrine pancreatic
function may be of potential use in the
treatment of acute pancreatitis. Converse-
ly, these inhibitory actions may also lead
to undesirable side effects such as mal-
digestion and malabsorption.

GUENTHER BODEN
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OLIVER E. OWEN
Temple University Health Sciences
Center, Philadelphia, Pennsylvania 19140
NOORJEHAN Essa-KouMAr
JouN H. LANDOR
College of Medicine and Dentistry of
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Food Preference and Length of Life

Abstract. When random-bred rats were given freedom of dietary choice throughout
postweaning life, their life-span correlated with the dietary practices before midlife,

particularly those exhibited during early life.

The relationship between diet and lon-
gevity was established when it was demon-
strated experimentally that a regimen of
caloric restriction imposed throughout
postweaning life increased the length of life
(7). Under natural conditions, however, the
quantity or composition (or both) of the
diet consumed may change with age and
differ from individual to individual. Thus it
is important to determine whether, and to
what extent, self-determined dietary prac-
tices correlate with life-span.

We reported that when rats were given
freedom of choice, the composition of the
diet selected varied from rat to rat in a
manner that maximized the risk to the in-
dividual of developing a neoplasm and
other diseases associated with aging (2).
The longevity data presented here were
obtained from the same animals.

The self-selection regimen of the 121 in-
dividually housed male Charles River
COBS rats, which are genetically relatively
heterogeneous, was begun at 21 days of age
and maintained throughout life. Each rat
was provided with three complete isocalor-
ic purified diets in separate containers. In-
asmuch as these diets differed in protein
(casein) and carbohydrate (sucrose) con-
tent only (3), the number of dietary vari-
ables was limited to the quantity of food
consumed and the relative and absolute in-
takes of protein and carbohydrate. The
amounts of each of the three diets con-
sumed and the preference data derived
from these values were determined daily.
Mean values for successive weekly, 50-day,
and 100-day periods were used for actuari-
al (4) and statistical (5) analyses.

Without exception, the rats consumed
some food daily from each container, but
no two rats had the same feeding habits.
After an initial period of adjustment, the
quantity and composition of the composite
diet selected by an individual usually stabi-
lized within narrow limits. The durations
of the adjustment period and of the stable
peroid differed from rat to rat.
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The stable phase for amount of food
consumed persisted as long as 300 days. At
any time during this period, the food in-
take values nearly fit a normal distribution
curve (6). The time required for the pro-
tein/carbohydrate ratio of the diet select-
ed (6) to stabilize was more variable than
that for either component separately.
Some rats attained a stable ratio as early
as the second week of feeding; approxi-
mately 50 percent reached it by the fifth
week. Once the ratio was established, it
was maintained by some rats throughout
most of life. However, a number of rats
failed to establish a stable ratio, and from
the beginning exhibited a slow and pro-
gressive change in the protein/carbo-
hydrate ratio of the preferred diet.

If the dietary preferences of the animals
are not considered, their life expectancy at
time of weaning was age 630 days. The
largest number of deaths per 100-day age
period, 32 percent, occurred between ages
600 and 699 days. The death ages were
nearly normally distributed, ranging from
317 to 1026 days.

Data presented below show that (i) lon-
gevity was related to the dietary habits of
the animal, (ii) the correlations were limit-
ed to age periods before midlife, and (iii)

the age when a correlation was first found,
as well as the duration and direction of the
correlation, differed for each dietary vari-
able.

Actuarial analyses demonstrated that
rats that chose to consume large amounts
of food were more likely to be short-lived
than rats whose intake was smaller (Table
1). The earliest indication of an association
between appetite and life-span was found
when the rats had been on the self-selection
regimen for only 5 weeks. During the peri-
od of relatively constant intake, a 10 per-
cent difference in intake was associated
with an 8 percent difference in the probable
length of life.

For a more critical appraisal, ungrouped
data were used (simple correlation values
in Table 2). Inasmuch as a stroag associa-
tion of life-span with one variable may
mask an association with another, or may
interact to give rise to an apparent but in-
valid correlation, partial correlation
coeflicients were computed (Table 2). This
method of analysis permits singling out the
character of a correlation between two
variables while another or other variables
are held constant. To assess the combined
effects of two or more dietary variables,
multiple correlation values were also de-
rived (Table 2).

Simple correlations. In agreement with
the actuarial analyses, simple correlations
indicated that length of life was inversely
related to the amount of food consumed.
However, the magnitude of the food intake
effect, as determined from the regression
equations, changed with age. It was maxi-
mal during age period 100 to 199 days (26-
day loss in life-span for a 1-g daily differ-
ence in food intake), and by midlife it was
negligible. If the level of food intake still
later in life related to life-span, it was not
detected in this study.

If the amount of food censumed is not
considered, low-protein diets early in life
were more likely to be associated with

Table 1. Life-span of rats permitted freedom of dietary choice: relationship to food intake. Rats are
classified according to the mean daily food intake during age period 100 to 199 days. The age for 50
percent survival was estimated from survival curves. The mortality ratio reflects the relative death
risk at all ages. It is computed as 100 times the actual number of deaths divided by the expected
number of deaths. Values < 100 indicate the extent of reduction in risk relative to *“*standard” popu-
lation; those > 100 indicate the extent of increase in relative risk. Age-specific mortality rates for all
rats (N = 121) were used as standard rates in deriving the expected number of deaths at consecutive

age periods for each of the subclasses.

Food intake (g/day) N Life-span A%if\?irvz(])% Mortglity
Mean =+ S.E. Range (days, mean + S.E)) (days) ratio
18.3 + 0.8 16.2t019.2 20 733 £ 117 690 62
19.8 +0.3 19.41020.2 20 653 + 126 650 97
20.7 +0.3 20.3to21.1 20 630 + 111 630 103
21.6 0.2 21.2t021.9 20 612 + 115 610 108
224 £ 04 22.0t022.9 20 600 + 113 580 121
241 + 1.0 23.0t026.6 21 556 + 106 540 162
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