Vitamin D Deficiency Inhibits Pancreatic Secretion of Insulin

Abstract. The effect of a vitamin D deficiency on insulin and glucagon release was
determined in the isolated perfused rat pancreas by radioimmunoassay of the se-
creted proteins. During a 30-minute period of perfusion with glucose and arginine,
pancreases from vitamin D-deficient rats exhibited a 48 percent reduction in insulin
secretion compared to that for pancreases from vitamin D-deficient rats that had
been replenished with vitamin D. Vitamin D status had no effect on pancreatic gluca-
gon secretion. This result, along with the previously demonstrated presence in the
pancreas of a vitamin D-dependent calcium-binding protein and cytosol receptor for
the hormonal form of vitamin D, 1,25-dihydroxyvitamin D, indicates an important
role for vitamin D in the endocrine functioning of the pancreas.

Vitamin D; is essential in higher ani-
mals to effect normal calcium and phos-
phorus homeostasis (/). This is accom-
plished by an endocrine system that reg-
ulates the sequential metabolism of
vitamin D3 by the liver and kidney into
its two principal biologically active me-
tabolites, 1,25-dihydroxyvitamin Dj
[1,25-(OH),D;] (I, 2) and 24,25-dihy-
droxyvitamin D3 [24,25-(OH),D3] (3).
The best documented biological actions
of vitamin D and its most active metabo-
lite, 1,25(OH),Ds, are the stimulation of
intestinal calcium absorption and the
mobilization of bone calcium (/).

The mode of action of 1,25-(OH),D,
in stimulating intestinal calcium absorp-
tion is believed to be analogous to that
of other steroid hormones (/, 2). Bio-
chemical evidence supports the existence
of a cytosol protein receptor for 1,25-
(OH),D; in the intestine of the chick ),
rat (5), and man (6). This 1,25-(OH),D;
steroid-receptor complex migrates to the
nucleus of the cell and stimulates the bio-
synthesis of a number of messenger
RNA molecules that code for proteins
related to the generation of the biological
response —including a calcium-binding

. protein (CaBP) (7). It is not yet clear
whether CaBP in the intestine has an
obligatory role in effecting the trans-
epithelial transport of calcium ions
across the cell or whether it is present for
other reasons, which might include
“‘protection’’ of the cell against the dele-
terious effects of high concentrations of
intracellular Ca?* occurring as a con-
sequence of vitamin D-mediated intesti-
nal calcium absorption. However, the
presence of CaBP is totally dependent on
the presence of 1,25-(OH).D; (7); the
amount of CaBP in the chick intestine is
exactly proportional to the amount of
1,25-(OH),D; localized in the intestinal
mucosa (8).

By a sensitive and specific radioimmu-
noassay (9) with antibodies against high-
ly purified chick intestinal CaBP (/0), we
have detected vitamin D-dependent
CaBP in the chick bone (/1), kidney.,.in-
lestine, and pancreas (9). The actions of
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vitamin D3 and 1,25-(OH),D; (/) and of
receptors for 1,25-(OH),D; have been
documented in the pa‘rﬂgﬂt.b_ymjg_gland
(12), bone (13), and kidney (/4), but the
presence of a vitamin D-dependent
CaBP in the pancreas: was unexpected.
We have, however, reported the pres-
ence in the chick pancreas of a protein
receptor for 1,25-(OH).D; (/4) homolo-
gous to the 1,25-(OH),D; receptors pre-
viously described in the chick intestine
4), parathyroid gland (/2), and bone
u3).

The presence in the chick pancreas of
cytosol receptors for 1,25-(OH),D; as
well as CaBP is evidence of a hitherto
unappreciated role of vitamin D and its
metabolites in pancreatic endocrine and
exocrine function. We now describe our
initial efforts to determine whether vita-
min D deficiency has any effect on the
endocrine function of the rat pancreas.

Weanling rats (Holzman, Madison,
Wis.) were raised on a standard vitamin
D-deficient nonrachitogenic diet (/5) in a
room devoid of ultraviolet light. After 12
weeks the rats were shipped in light-re-
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. the pancreas was removed,

stricted cages to San Francisco, where
they were fed the same vitamin D-
deficient diet and were given free access
to water.

At approximately 72, 48, and 24 hours
prior to perfusion, the restrained unanes-
thetized rats were given either 0.2 ml of
ethanol (95 percent) (D-deficient ani-
mals) or 0.2 ml of a solution (95 percent
ethanol and 1,2-propanediol, 1:1 by vol-
ume) containing 200 I.U. (5.0 ug) of vita-
min D3 (D-replete animals). Just before
arterial
blood was collected, heparinized, chilled
in ice, centrifuged, and stored at —20°C
until it was assayed for calcium, phos-
phorus, magnesium, and 25-(OH)D;.
The serum concentrations of calcium,
phosphorus, and 25-(OH)D; reported
in Table 1 are typical for vitamin
D-deficient and replete rats (/). Al-
though body weights and pancreas
weights tended to be slightly greater in
D-replete than in D-deficient animals,
the differences were not statistically sig-
nificant. The secretion of insulin and
glucagon in vitro was assessed by the
technique of Grodsky and Fanska (/6).
To exclude extrapancreatic sources of
glucagon and to conserve the albumin in
the perfusate, we used a modified prepa-
ration (/7) in which the stomach, spleen,
and most of the duodenum were re-
moved. Briefly, the pancreas and proxi-
mal duodenum were perfused in vitro
with a modified Krebs-Ringer biocarbo-
nate buffer (pH 7.4) with the following
millimolar composition: Na*, 142; K*,
5.9; Ca?*, 2.35; Mg?*, 1.22; H,PO,, 1.5;
HCO;™, 29; Cl, 119, and SO,**, 1.2. The
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Fig. 1. Effect of a vitamin D deficiency on glucose-plus-arginine-stimulated insulin and gluca-
gon release from the isolated perfused rat pancreas; (O) D-deficient (N = 7) and (@) D-replete

(N = 5) animals.
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Table 1. Parameters for D-deficient and D-replete rats. Serum Ca** and Mg?* were determined by atomic absorption analysis; serum P was de-
termined by the Fiske-Subbarow method; and serum 25-(OH)D levels were determined by a steroid competition assay (/6). Data are expressed

as means *+ standard error of the mean.

Group N Serum Mg** Serum Ca** Serum P Serum 25-(OH)D Body weight Pancreas weight
(mg/100 ml) (mg/100 ml) (mg/100 ml) (ng/ml) (2) (g wet weight)
D-deficient 7 49 = 0.5 41x03 9.5 0.7 =0.5 278 = 9 1.28 = 0.05
D-replete 4-5 48 04 57+03 7.4 0.5 26.1% 31522 1.61 = 0.22
Pt N.S. < .005 N.S. N.S. N.S.

*Data are given as the mean of duplicate determinations on a pooled sample from four rats.

perfusate also contained 1 percent hu-
man serum albumin (Armour, Kan-
kakee, Ill.) and 3 percent Dextran T-40
(Pharmacia, Piscataway, Md.). The per-
fusate was oxygenated (95 percent O,
and 5 percent CO,), warmed to 37°C, and
introduced into the celiac artery, and
then the complete effluent was collected
from the portal vein every minute for 55
to 60 minutes in chilled tubes containing
12 mg of EDTA. The lag time between
the perfusate leaving the pancreas and
reaching the fraction collector was about
30 seconds (2.0 ml). Pancreases were
perfused at least 10 minutes before any
samples were collected for hormone as-
say. The flow rate was maintained at 4
ml/min, and the arterial pressure was 37
to 50 mm-Hg. Glucose (5.5 mM) and ar-
ginine hydrochloride (10 mM) were dis-
solved in the perfusate and infused at the
appropriate times at 0.1 ml/min through a
sidearm syringe.

Immunoreactive insulin was measured
by a solid-phase modification (/8) of a
single-antibody assay (/9), with rat in-
sulin used as a standard. Immunoreac-
tive glucagon was measured by a dex-
tran-charcoal method modified (20) from
that of Unger and Eisentraut (2/); Unger
30K antiserum was used. Hormone re-

lease is expressed as nanograms per
gram of body weight per minute to elimi-
nate the variation in body weight be-
tween the two groups.

In response to combined stimulation
with glucose and arginine, a typical bi-
phasic pattern of insulin release (20) was
seen for the D-replete animals (Fig. 1).
This response consisted of an early burst
of insulin release (peak 3 minutes after
start of stimulus), a fall in the insulin re-
lease to a nadir at 6 minutes, and then a
fairly consistent second phase until the
end of the stimulation at 30 minutes. In
the D-deficient pancreases, the first
phase (0 to 6 minutes) and second phase
(6 to 30 minutes) of insulin release were
only 49 and 47 percent, respectively, of
the release from the D-replete pan-
creases (P < .05, Fig. 2). The glucagon
response (20) to the combined infusion of
glucose and arginine was biphasic (first
spike plus slowly declining second
phase) and was not different in the D-
deficient and D-replete animals (P >
.60).

Our results clearly indicate that in a vi-
tamin D-deficient state there is an im-
paired secretion of insulin by the rat pan-
creas in response to the glucose-arginine
secretagogue. In a D-deficient animal the
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Fig. 2. Quantification of the insulin and glucagon responses in vitro from the pancreases of D-

deficient and D-replete rats.
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tTwo-tailed Student’s z-test; N.S., no significant difference.

serum Ca?* concentration is only ap-
proximately 40 to 45 percent of the
serum Ca®' concentration in a normal
animal [normal, 9 to 10 mg/100 ml (/5)].
During the 72 hours of vitamin D reple-
tion (Table 1), the serum Ca?* concentra-
tion increased from 4.05 to 5.7 mg/100 ml
(P < .005) while the Mg?** concentration
remained unchanged. Since insulin re-
lease in vitro is dependent on acute
changes in Ca®* or in the ratio of Ca?* to
Mg2* (22, 23), the improved release in
the D-replete animals may have resulted
from the increased Ca?* rather than from
the effect of vitamin D or its metabolites.
However, it is emphasized that the in vit-
ro pancreatic experiments with depleted
and repleted animals were performed
with the same (normal) Ca?* concentra-
tion; any effect of the prolonged increas-
es in Ca** in vivo, particularly when fol-
lowed by normalization in vitro, is un-
known. Glucagon secretion is also Ca**
dependent (/8), but secretion of this hor-
mone was unaffected, an indication that
the glucagon-producing cells are less
sensitive than the insulin-producing cells
to the changes invoked by vitamin D.
We know of no explicit demonstration
of vitamin D in pancreatic function prior
to the present study and our recent dem-
onstration of the presence of a vitamin
D-dependent CaBP in the pancreas, as
well as of a cytosol receptor for 1,25-
(OH),Ds. There were, however, several
reports of the deleterious effects of dia-
betes on vitamin D functioning and cal-
cium homeostasis. The existence of a re-
lation between pancreatic function and
calcium metabolism was known from
clinical studies in which patients with
both juvenile- and adult-onset diabetes
were found to have significant bone dis-
ease (24, 25). Also, Schneider et al. (26)
found that duodenal calcium absorption
and levels of intestinal vitamin D-depen-
dent CaBP are depressed in diabetic rats.
Treatment with 1,25-(OH),D;, but not
with 25-(OH)D; or vitamin Ds, restores
duodenal calcium absorption and CaBP
to normal (27). In the diabetic rat, the
serum concentration is normal for 25-
(OH)Ds, but is depressed to one-eighth
normal for 1,25-(OH),Ds; serum concen-
tration of 1,25-(OH),D; is restored to
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control levels by insulin treatment (28).
The vitamin D endocrine system has a
wide variety of physiologically relevant
interactions with other hormones be-
sides insulin; these include parathyroid
hormone, calcitonin, growth hormone,
prolactin, glucocorticoids, and estrogens
(I). Our results documenting a vitamin
D-pancreas interaction are not surpris-
ing in view of our expanding understand-
ing of the breadth of this secosteroid ac-
tion in calcium homeostasis. The role of
CaBP in cellular calcium metabolism
may be relevant in elucidating the physi-
ological significance as well as the bio-
chemical mode of action of vitamin D in
the pancreatic secretion of insulin.
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Factors Influencing the Inhibitory Effect of Selenium on
Mice Inoculated with Ehrlich Ascites Tumor Cells

Abstract. Selenium, administered to mice with Ehrlich ascites tumors, effectively
limited tumor growth. The response was dependent on the chemical form and dose of
selenium administered. At the doses administered, there were no detectable adverse

effects to the host.

Selenium occurs naturally in many
foods. As early as 1957, selenium was
considered an essential nutrient (/), yet
not until 1979 was a recommended die-
tary allowance for this metallic element
proposed. Recent epidemiological evi-
dence shows a negative correlation be-
tween selenium intake and tumor in-
cidence in man (2-8). Also, selenium has
been shown to be capable of inhibiting
chemically induced, transplantable, and
spontaneous tumor growth (9-/2). Nu-
merous factors may influence the ability
of selenium to retard tumor incidence
and growth. The present studies were
designed to determine the influence of
the chemical form and concentration of
various selenium compounds on the
growth of transplantable Ehrlich ascites
tumor cells (EATC).

The tumor cell line was maintained in

Fig. 1. Effects of treating or not treating
EATC-inoculated mice with selenium. The
mouse on the left received sodium selenite (1
png per gram of body weight) and gained only
1.3 g in 21 days. The mouse on the right re-
ceived KRP solution and gained 22.4 g.
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our laboratory by transplantation into
Swiss/ICR mice at 14-day intervals. On
day 0 of the experimental period, ascites
tumors were removed from a stock ani-
mal and diluted in Krebs-Ringer-phos-
phate (KRP) solution consisting of
0.085M Na,HPO,, 0.016M NaCl, 0.005M
KCl, and 0.0013M MgSO, - 7TH,O (pH
7.4). The cells were counted with a he-
mocytometer, and their viability was es-
timated by trypan blue dye exclusion
(13). Cell viabilities were at least 98 per-
cent. Each inoculum contained approxi-
mately 5 X 10° living EATC.

Male Swiss/ICR mice weighing 20 to
22 g were used in the studies. They had
free access to Purina mouse chow and
distilled water and were housed in shoe-
box cages in groups of five. On day 0, the
mice were inoculated with EATC and
given intraperitoneal injections of KRP
or a selenium compound dissolved in
KRP. In general, each treatment was ad-
ministered to ten EATC-inoculated mice
and three noninoculated mice. The sele-
nium (2.0 pg per gram of initial body
weight) was administered as selenium
dioxide, sodium selenite, sodium sele-
nate, selenocystine, or selenomethio-
nine. Additional injections followed on
days 1, 3,5,7,9, 12, 15, 18, and 21 (ap-
proximately 0.1 ml was administered per
injection). The treatments were assigned
at random.

Twenty-one days after being in-
oculated with EATC, half of the sele-
nium-treated mice were killed by cervi-
cal dislocation and autopsied to deter-
mine the presence or absence of ascites
tumors. The remaining EATC-treated
mice were maintained without further se-
lenium treatments for 21 more days and
then were Kkilled. On days 21 and 42, no
tumors were visually evident in any of
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