which could be expected to result from
the temperature rise at the Antarctic
Convergence.

In core E45-74 (Fig. 2d) the IRD
accumulation rate and the water tem-
perature are positively correlated in
most of the lower 500 cm. This seg-
ment of the core is therefore consistent
with a location south of the GDCR,
the approximate geographic limits of
which are added to Fig. 2a. Similar
strong positive correlations (between
percentage of glacial quartz and in-
ferred water temperature) have been
documented by Margolis and Kennett
(4) for two Pleistocene cores just north
of the present Antarctic Convergence:
in the south-central Pacific. These oc-
currences, and their contrast with the
data for E50-12 and E49-30, must be
accepted as strong support for the
major concepts involved in the model.
The upper 300 cm of core E45-74 (Fig.
2d) exhibits a strong inverse relation
between IRD and temperature, consist-
ent with the core location being north
of the GDCR. This requires the GDCR
to have migrated southward at the time
involved which, if constant sedimenta-
tion rates are assumed, is estimated
paleomagnetically as about 0.33 million
years ago.

In summary, we believe that our
model (Fig. 1) may provide a means
to more fully utilize the IRD signal
recorded in all subpolar sediments, al-
though we realize that it may be subject
to modification (19). The limited tests
we have applied and the earlier pub-
lished data merely support the prin-
ciples employed. Simple correlations
between IRD maxima in deep-sea sedi-
ments (/1) may not be valid unless the
cores involved are all located on one
side of the GDCR. Previously noted
incoherence in correlations between
cores (6) may be at least partially ex-
plained by the latitudinal range of the
cores involved. It will be unrewarding
to attempt to make paleoclimatic infer-
ences from IRD abundance variations
in cores spanning large latitude ranges.
On the other hand, detailed and diverse
analyses of closely spaced south-north
traverses may yield definitive data on
the timing, rate of change, extent, and
intensity of the glacial and interglacial
periods in the Southern Hemisphere
(20).
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Anomeric Specificity of Glucose-Stimulated Insulin

Release: Evidence for a Glucoreceptor?

Abstract. The effects on insulin secretion of a and [ anomers of D-glucose
were studied in the in vitro perfused rat pancreas. Both phases of insulin release
showed consistent stereospecificity for a-glucose; this specificity indicates an
action of glucose independent of intracellular glucose metabolism.

p-Glucose in solution or in the circu-
lation is heterogeneous, consisting of
approximately 64 and 36 percent of
the B and « anomers, respectively (I).
Nevertheless, the relative effectiveness
of these naturally occurring anomers
of p-glucose on secretion of insulin is
unknown. The present studies, in
which the perfused rat pancreas was
used, show that regulation of insulin
release has a stereospecificity favoring
a-glucose. Since intracellular glucose
metabolism may not be affected by glu-
cose anomers (2), the observed stereo-
specificity suggests a glucose effect on
insulin secretion localized at the cell
membrane.

Specific details for perfusion of the
rat pancreas in vitro and the immuno-
assay for rat insulin have been previ-
ously described (3, 4). In short, the
pancreas, with adjacent stomach, spleen,
and part of the duodenum, was re-

moved from fasted rats. The prepara-
tion was placed in the perfusion ap-
paratus, and perfusion medium
consisting of 1 percent albumin—3 per-
cent T-40 dextran in bicarbonate buffer
(pH 7.4) was introduced into the celiac
artery. Complete effluent was collected
from the portal vein every minute after
a single passage through the pancreas;
flow rates were 10 ml/min. For the 5-
minute pulse experiments, «, D(+)-
glucose (anhydrous, Mallinckrodt) and
B, p(+)-glucose (Sigma) were rapidly
dissolved and introduced into the pan-
creatic preparation by way of a side-
arm syringe. For longer perfusion ex-
periments, the freshly prepared anomers
were introduced from side-arm syringes
kept at 4°C in an ice bath (5). The con-
centration of the a or 8 anomers in the
the effluent was determined within 1
minute with the Beckman glucose
analyzer. This system employs fungal
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glucose oxidase which is almost com-
pletely specific for the 8 anomer, thus
permitting direct estimation of B-glu-
cose. (Actual readings, standardized for
equilibrated glucose, were multiplied by
0.64.) The samples were then equili-
brated for 2 hours at 25°C followed by
20 hours at 4°C and reassayed to give
total glucose. «-Glucose was deter-
mined by the difference.

The comparative effects of the
anomers on insulin secretion were
studied at two glucose concentrations,
the first of which (110 mg/100 ml)
has previously been shown (6) to be
slightly above the threshold level for
glucose stimulation of insulin release in
this system (90 to 100 mg/100 ml).
At this concentration there is little sec-
ond phase secretion of insulin or poten-
tiation by glucose of subsequent stimu-
lations. It was therefore possible to
compare the different anomers as a
series of stimulations in the same pan-
creas. Figure 1 shows that B-glucose
had only a marginal effect on insulin
secretion, while the « anomer was four
times more effective than the same
concentration of equilibrated «,8-glu-
cose. When the series of stimulations
was repeated in the same pancreas,
identical responses occurred. Thus, the
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.8 8 a aB
z%a a?m [ I e R
~ » Equilibrated glucose
o B-Glucose

wey “se

1

- e
N o
o o

e

/|

15,

- 1
TN AL A,J\

i g i T
10 20 30 40 50 60
Time (minutes)

Glucose
(mg/100 ml)
3 (-3

»
S o
1

Insulin secretion (ng/ml)

Fig. 1. Effect of glucose anomers (110
mg/100 ml for 5 minutes) on insulin
secretion. Lower graph shows insulin
levels in samples collected at 1-minute
intervals. Standard errors are shown at
representative  points; N = 4. Upper
graph shows glucose concentrations de-
termined within 60 seconds in effluents
from pancreas collected over ice. g-
Glucose (O---(Q) was measured by
stereospecific glucose oxidase (see text).
Equilibrated total glucose (M---M) was
determined in the same sample after 2
hours equilibration at 25°C and 20 hours
at 4°C.
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B anomer had little activity, whether
introduced as the first stimulation in
the series or subsequent to stimulation
by equilibrated glucose; these results
indicate a difference in anomeric spec-
ificity rather than an effect of the
choice of sequences. In other experi-
ments (not illustrated) in which a-
glucose was used as the initial stimulus,
results were essentially the same with,
if anything, an even greater propor-
tional effect of the « anomer.

The second glucose concentration
(150 mg/100 ml) ‘was selected to
evaluate the effects of the two forms
of glucose on both the first and second
phases of insulin release. This concen-
tration approximates a physiologic
challenge and approaches the half-
maximum (160 to 180 mg/100 ml) for
equilibrated glucose stimulation of both
phases of insulin release in vitro (6)
or in vivo (7). As shown in Fig. 2, the
B anomer at this concentration stimu-
lated both first and second phase in-
sulin release; however, the a anomer
was still more effective on both phases
than the 8 anomer was. The difference
between «- and B-glucose stimulation of
first phase insulin release (¢ =0.306 ug;
B =0.190 ug) and total insulin re-
leased (a«=0.771 pg; B = 0.350 ng)
was highly significant (P < .01 and P <
.02, respectively). Comparable stimu-
lation with equilibrated glucose gave
results intermediate between - and -
glucose, but in this comparatively small
series the differences from results with
either anomer were not statistically sig-
nificant.

Our data show that the greatest dif-
ference in anomeric activity occurs in
the lower range of glucose-stimulating
concentrations, suggesting that the half-
maximum for the different forms of
glucose anomers will be a > equilibrated
>, but that they approach similar
maximum activities. Complete dose-
response studies will be required to
establish the exact quantitative nature
of the activities of each anomer on in-
sulin release.

There was little spontaneous equili-
bration of either of the anomers dur-
ing passage through the pancreatic
preparation (see Figs. 1 and 2), which
includes the stomach, the spleen, and a
bit of the duodenum. Thus, under these
experimental conditions, tissue mutaro-
tase activity (8), if present, is of insuf-
ficient activity to influence equilibration
during the short time of exposure of the
tissues to the glucose medium.

At the technical level, the present

studies, showing a difference in the
activities of - and B-glucose, emphasize
that caution must be exerted in using
freshly prepared glucose solutions for
the study of insulin secretion and pos-
sibly in other glucose-modulated sys-
tems. Almost all commercially available
crystalline D-glucose is in the @ form. In
our perfusion medium, the half-time
for equilibration at 25°C was approxi-
mately 20 minutes and was much longer
at 4°C.

Contrasting the anomeric specificity
of glucose-stimulated insulin release
with the anomeric specificity of enzyme
systems involved with intracellular
glucose metabolism may establish the
relative importance of the various path-
ways or the existence of a unique spe-
cific membrane receptor for nonmetab-
olized glucose. Since glucose 6-phos-
phate, formed from glucose, equilibrates
rapidly at 37°C (half-life about 1.5 sec-
onds), all subsequent metabolic steps
are believed to be insensitive to the
initial glucose anomer (2). Thus, the
anomer-sensitive secretion mechanism
apparently occurs before glucose 6-
phosphate and is not a result of en-
ergy production from glucose. The pen-
tose pathway is also not implicated for
the same reason; in addition, this path-
way, at least in the liver, is B-specific
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Fig. 2. Effect of glucose anomers (150
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(9). Hexokinase has a stereospecificity
which could be similar to the observed
glucose-stimulated insulin release (2, 9,
10), but the Michaelis constant (K,)
for this enzyme in islets (//) seems too
low to represent the site of the initiating
signal. The stereospecificity (at submax-
imal concentrations) of islet glucokinase
is unknown, and, until more is learned
of the stereospecificity of this enzyme,
an initiating activity limited to this step
cannot be excluded. Also, a nonhexose
phosphate pathway could be involved.
With these reservations, the observed
specificity for insulin secretion is con-
sistent with the concept that the initial
trigger for glucose-stimulated release is
by nonmetabolized glucose at the cell
membrane (12). Both phases of insulin
release seem similarly controlled—an
observation consistent with the earlier
demonstration that both phases have
similar quantitative sensitivity to glucose
(6). Concurrent experiments show that
protection against alloxan toxicity by
glucose, presumably a surface mem-
brane effect, also has a-stereospecificity
(13). Possibly these membrane activi-
ties may be distinct from active carrier
systems for glucose which, at least in
ascites tumor and red blood cells, are
B-glucose specific (14, 15).

Pure anomers of glucose introduced
into the circulation of animals require
7 minutes or longer to reach equilibra-
tion (2). If an acute endogenous
metabolic permutation results in an
anomeric specificity for either a glucose
production or glucose uptake process,
transient changes in the relative con-
centration of circulating glucose ano-
mers may have to be considered, partic-
ularly in regard to insulin secretion and
other glucose-regulating endocrine sys-
tems. In such a case, errors of inter-
pretation could be compounded by
glucose measurements in which g-
specific glucose oxidase is used. Al-
though Hill (/6) found that neither
glucagon, insulin, nor epinephrine
caused even a transient change in the
equilibrium ratio of circulating glucose,
comparable and more extensive studies
are required in diabetes and other
pathologic states.
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Pulsatile Growth Hormone Secretion: Suppression by Hypothalamic

Ventromedial Lesions and by Long-Acting Somatostatin

Abstract. Sequential blood samples, obtained from freely behaving, nonstressed
male rats, showed a pulsatile pattern of growth hormone secretion with a mean
interval between peaks of 68 minutes. The bursts of secretion were blocked by
lesions of the hypothalamic ventromedial nuclei and by administration of a long-
acting preparation of synthetic somatostatin.

Physiologic studies of growth hormone
(GH) regulation in the rat have been
hindered by the wide variability in plas-
ma GH levels observed (range, between
1 and > 200 ng/ml) (/). Recent evi-
dence has indicated that other rat pi-
tuitary hormones are secreted in episodic
bursts (2). We now report that abrupt
changes in blood GH occur in freely
behaving rats and that these bursts of
secretion are dependent on hypothalamic
mechanisms.

Male Sprague-Dawley rats (350 to
450 g) were prepared with permanent
indwelling jugular cannulas and adapted
to small isolation chambers to permit
repeated sampling without disturbance
to the animal (3). Such a sampling pro-
cedure is important since minor stress,
such as handling, inhibits GH secretion
(4). Cage adaptation was carried out

Table 1. Integrated plasma GH levels in con-

trol, VMN-lesioned, and PZ-GRIF-treated
rats.
. Serum GH
Exp;gr;l;ntal N (ng/ml
per hour)
Intact controls 12 40.2 = 5.39*%
Sham lesions 5 30.5 = 4.72
Hypothalamic VMN 7 10.3 = 2.49%
lesions
PZ control 6 38.5 = 4.90
PZ-GRIF 4 9.2 +2.02%
* Mean == S.E.M. + P < .01 compared to sham
lesions. 1 P < .001 compared to PZ control.

for a minimum of three periods of 4 to
6 hours over a 7- to 10-day period.
After adaptation, individual rats were
placed in the isolation box at 0800
hours, and sampling was begun 2 hours
later. Blood samples (0.35 ml) were
removed every 15 minutes, and the
plasma was separated and frozen; red
blood cells were resuspended in saline
and returned to the animal after the
succeeding sample was removed. This
technique prevented a fall in the hemat-
ocrit reading and permitted removal
of multiple samples without hemody-
namic disturbance. Plasma GH was
measured in duplicate samples by radio-
immunoassay; the materials used were
supplied by the National Institute of
Arthritis and Metabolic Diseases. Plasma
corticosterone was determined by a
competitive protein binding assay (5).

In the first experiment, 12 normal
cage-adapted rats were sampled for pe-
riods of 4 to 8 hours. Episodic GH
release was identified in each animal.
The secretory bursts were characterized
by sudden rises in plasma GH from
less than 10 ng/ml to concentrations
which often exceeded 100 ng/ml (Fig.
1, a and b). The mean peak-to-peak
interval of the bursts was 68.0 = 4.04
(S.E.M.) minutes. The rapid fall in GH
from the highest values (Fig. 1, a and
b) indicated a half-life of endogenous
GH of approximately 5 to 7 minutes,
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