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.
ANTHONY W. NORMAN
Department of Biochemistry,
University of California,
Riverside 92521
BARBARA J. FRANKEL
ANNELIESE M. HELDT
GERALD M. GRODSKY
Metabolic Research Unit, School of
Medicine, University of California,
San Francisco 94143

References and Notes

1. A. W. Norman, Vitamin D: The Calcium
Homeostatic Steroid Hormone (Academic
Press, New York, 1979).

and F. P. Ross, Life Sci. 24, 759 (1979);
M. R. Haussler and T. McCain, N. Engl. J.
Med. 297, 974 and 1041 (1977); H. Schnoes and
H. F. DeLuca, Annu. Rev. Biochem. 45, 631
(1976).

3. H. L. Henry and A. W. Norman, Science 201,
835 (1978); J. M. Canterbury, S. Lerman, A. J.
Claflin, H. Henry, A. W. Norman, E. Reiss, J.
Clin. Invest. 61, 1375 (1978); H. L. Henry, A. N.
Taylor, A. W. Norman, J. Nutr. 107, 1918
(1977); A. W. Norman, H. L. Henry, H. Mal-
luche, Life Sci. 27, 229 (1980).

4. H. C. Tsai and A. W. Norman, J. Biol. Chem.
248, 5967 (1973); W. R. Wecksler, W. H. Oka-
mura, A. W. Norman, J. Steroid Biochem. 9,
929 (1978); P. F. Brumbaugh and M. R. Hauss-
ler, J. Biol. Chem. 249, 1251 (1974).

5. B. E. Kream and H. F. DeLuca, Biochem.
Biophys. Res. Commun. 76, 735 (1977); W. R.
Wecksler, F. P. Ross, A. W. Norman, J. Biol.
Chem. 254, 9488 (1979).

6. W. R. Wecksler, R. S. Mason, A. W. Norman,
J. Clin. Endocrinol. Metab. 48, 715 (1979); W.
R. Wecksler, F. P. Ross, R. S. Mason, A. W.
Norman, ibid. 50, 152 (1980).

7. A. N. Taylor and R. H. Wasserman, Arch. Bio-
chem. Biophys. 119, 536 (1967); R. L. Morrisey
(ar;!l ll‘) H. Wasserman, Am. J. Physiol. 220, 1509

8. E. J. Friedlander, H. Henry, A. W. Norman, J.
Biol. Chem. 252, 8677 (1977).

9. S. Christakos, E. J. Friedlander, B. R. Frand-
Se37, A. W. Norman, Endocrinology 104, 1495
(1979).

10. E. J. Friedlander and A. W. Norman, Methods
Enzymol. 67, 504 (1980).

11. S. Christakos and A. W. Norman, Science 202,
70 (1978).

12. P. F. Brumbaugh, M. R. Hughes, M. R. Hauss-
ler, Proc. Natl. Acad. Sci. U.S.A. 72, 4871
(1975); W. R. Wecksler, H. L. Henry, A. W.
Norman, Arch. Biochem. Biophys. 183, 168
(1977); W. R. Wecksler and A. W. Norman, J.
Miner. Electrolyte Metab. 1, 99 (1978).

13. B. E. Kream, M. Jose, S. Yamada, H. F. De-
Luca, Science 197, 1086 (1977).

14. S. Christakos and A. W. Norman, Biochem.
Biophys. Res. Commun. 89, 56 (1979).

15. H. Steenbock and D. C. Herting, J. Nutr. 57,
449 (1955).

16. G. M. Grodsky and R. E. Fanska, Methods En-
zymol. 39, 364 (1975).

, I. Lundquist, Endocrinology 97, 573
(1975).

SCIENCE, VOL. 209, 15 AUGUST 1980

18. I. Lundquist, R. Fanska, G. M. Grodsky, ibid.
99, 1304 (1976).

19. G. M. Grodsky and P. H. Forsham, J. Clin. In-
vest. 39, 1070 (1960).

20. J. E. Gerich, M. A. Charles, G. M. Grodsky,
ibid. 54, 833 (1974).

21. R. H. Unger and A. M. Eisentraut, in Hormones
in Blood, G. H. Grey and A. L. Bacharach, Eds.
(sécademic Press, New York, 1967), vol. 1, p.

22. D. L. Curry, L. L. Bennett, G. M. Grodsky, En-
docrinology 83, 572 (1968).

23. L. L. Bennett, D. L. Curry, G. M. Grodsky, ibid.
85, 594 (1969).

24. M. E. Levin, V. C. Boisseau, L. V. Avioli, N.
Engl. J. Med. 294, 241 (1976).

25. J. D. Ringe, F. Kuhlencordt, H. P. Kruse, Am.
J. Roentgenol. 126, 1300 (1976).

26. L. E. Schneider, D. H. Wilson, H. P. Schedl,
Nature (London) 248, 327 (1973).

27. L. E. Schneider, J. Omdahl, H. P. Schedl, En-
docrinology 99, 793 (1976).

28. L. E. Schneider, H. P. Schedl, T. McCain, M.
R. Haussler, Science 196, 1452 (1977).

29. This work was supported in Riverside by grants
AM-09012 and AM-14750 and in San Francisco
by grant AM-01410. We are indebted to Mary
Ann Jones and Michele Manning for their tech-
nical assistance. All inquiries should be ad-
dressed to A.W.N.

8 November 1979; revised 24 March 1980

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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Table 1. Effect of various selenium compounds on mice with and without tumors. Each treat-
ment was administered to ten EATC-inoculated mice and three noninoculated mice. All sele-
nium compounds were administered at a dose of 2 ug per gram of initial body weight. Values

with unlike superscripts differ at P < .01.

Mean Tumor-bearing mice
weight
gain M@an
Treatment in mice \i\,i?ggt weight Tumor
without gain of small inci-
tumors @® intestine dence
(g) (®
KRP 10.7 17.32 3.78" 10/10
Selenium dioxide 9.3 10.8> 2.46¢ 0/10
Selenium selenite 9.8 8.9° 2.58¢ 0/10
Selenium selenate 8.2 8.0° 2.49¢ 0/10
Selenomethionine 8.9 8.3P 2.50¢ 0/10
Selenocystine 8.9 9.1° 2.41¢ 0/10
Pooled S.E.M.*

+ 1.06

+ 1.20 + (.28

*Standard error of the mean.

the selenium-treated mice; however, all
KRP-treated control animals had mas-
sive ascites tumors (Fig. 1 and Table 1).
Analysis of variance showed that the
weight gained by all selenium-treated
mice was significantly less (P < .01)
than that gained by KRP-treated con-
trols, which is indicative of reduced as-
cites tumor development. Selenium in
the forms administered did not signifi-
cantly alter the growth of tumor-free
mice, which was comparable to that of
tumor-inoculated mice receiving the
same selenium compound. Thus sele-
nium may be valuable therapeutically
without apparent ill consequences to the
host.

Complete small intestines, livers, and
spleens were removed from all mice at
death and weighed. Selenium treatment
had no significant effect on liver and
spleen weights, but small intestine

weights in all selenium-treated groups
were significantly lower than those in tu-
mor-inoculated, KRP-treated controls
(P < .01). The amount of DNA, RNA,
lipid, and protein per gram of small in-
testine was not significantly altered by
selenium treatment. These data suggest
that selenium may have an inhibitory ef-
fect on the growth of rapidly dividing
cells.

In subsequent studies, we determined
the effects of reducing the dose of sele-
nium to 1 ug per gram of initial body
weight. Again, selenium dioxide, sodium
selenite, sodium selenate, and seleno-
cystine completely inhibited formation
of any visible tumor (Table 2). However,
selenomethionine was not effective at
this dosage. There were considerable
weight gains, indicating progressive as-
cites tumor development in both KRP-
and selenomethionine-treated mice.

Table 2. Effect of two different doses of various selenium compounds on mice with and without
tumors. Most treatments were administered to five EATC-inoculated mice and three noninoc-
ulated mice. Values with unlike superscripts differ at P < .01.

(Do‘sage \Dggl?t Tumor-bearing mice
micro- ;
gain
Treatment grams in mice Mean Tumor incidence
pefr gr‘ajlm without weight
of body tumors gain . .
weight) - (2 Ascitic Solid
KRP 5.4 12.02 515 0/5
Selenium dioxide 1.0 5.7 6.9° 0/5 0/5
Selenium selenite 1.0 5.0 5.8° 0/5 0/5
Selenium selenate 1.0 4.4 4.6° 0/5 0/5
Selenomethionine 1.0 6.2 12.32 SIS 0/5
Selenocystine 1.0 6.1 6.1° 0/5 0/5
Pooled S.E.M.* + 0.83 + .11
Selenium dioxide 0.25 5.1 7.0° 0/4 1/4
Selenium selenite 0.25 5.6 7.7° 0/3 0/3
Selenium selenate 0.25 4.6 5.2° 0/5 2/5
Selenomethionine 0.25 5.2 12.42 SIS 0/5
Selenocystine 0.25 4.6 7.8° 2/5 1/5
Pooled S.E.M.* + 0.97 + 0.89

*Standard error of the mean.
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We also administered selenium at a
dose of 0.25 ug per gram of initial body
weight. All the selenomethionine-treated
mice developed ascites tumors at this
dosage (Table 2). Sodium selenite again
completely inhibited formation of any
visible tumor, as did selenium dioxide.
However, at autopsy a solid tumor 2 to 3
mm in diameter was found subcutane-
ously at the site of the initial EATC in-
oculation in one of the mice treated with
selenium dioxide and in two of the mice
treated with sodium selenate. (Subcuta-
neous solid tumors developing in mice
not treated with selenium attained a size
of 2 to 3 cm in diameter during a 21-day
study.) Two of the five animals treated
with selenocystine had ascites tumors,
and one had a subcutaneous solid tumor
1.0 to 1.5 cm in diameter. The volume of
ascitic fluid in these two animals (0.5 to
1.0 ml) was considerably less than that in
KRP-treated controls (4 to 6 ml).

Reports suggesting that selenium is a
carcinogen have been severely criticized
(5, 14). Schroeder and Mitchener (/5)
found that administering sodium selenite
or sodium selenate to rats throughout
their lives had no detectable carcinogen-
ic effect. Indeed, the evidence now sug-
gests that selenium is anticarcinogenic.
The data of Poirier and Milner (/1) show
that various forms of selenium can inhib-
it the growth of EATC in vitro. Complete
inhibition of tumor development was ob-
served for all selenium compounds ad-
ministered at a dose of 2 ug per gram of
body weight in the present studies. A
wide range of doses of selenium dioxide,
sodium selenite, and sodium selenate
completely inhibited visible ascites tu-
mor growth in mice in vivo.

Whanger et al. (16) showed that sele-
nomethionine is actively transported,
whereas selenite and selenocystine are
not. Our data indicate that permeability
may be a factor in the efficacy of the vari-
ous selenium compounds in reducing tu-
mor growth. Furthermore, selenium may
alter tumor growth selectively, since it
had no significant effect on the growth of
the host animals. Future research may
reveal selenium’s mode of action and
other factors influencing its efficacy as an
antitumor agent.

GLENN A. GREEDER
J. A. MILNER
Department of Food Science,
University of Illinois, Urbana 61801
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Dexamethasone Fails to Suppress S-Endorphin Plasma

Concentrations in Humans and Rhesus Monkeys

Abstract. In humans and rhesus monkeys, dexamethasone decreased concentra-
tions of plasma cortisol but did not alter circulating B-endorphin immunoreactivity.
Contrary to current theory suggesting that pituitary B-endorphin and adrenocortico-
tropic hormone are controlled by identical regulatory mechanisms for synthesis and
release, our evidence suggests that in higher primates the established glucocorticoid
feedback mechanism for the adrenocorticotropic hormone-cortisol system does not
regulate B-endorphin secretion in the same way.

Rats subjected to acute stress by limb
fracture or footshock show concurrent
increases in plasma adrenocorticotropic
hormone (ACTH) and pB-endorphin,
whereas hypophysectomized rats fail to
show this response (/). In addition, rats
treated with dexamethasone show a con-
comitant decrease in plasma ACTH and
B-endorphin (/). These observations are
the foundation of a current hypothalam-
ic-pituitary stress hypothesis suggesting
that ACTH and B-endorphin are released
simultaneously from the pituitary gland
and that the regulatory mechanisms (hy-
pothalamic releasing factors and gluco-
corticoid feedback) involved in the se-
cretion and biosynthesis of both neuro-
peptides are common and identical.

Tissue culture experiments from nor-
mal mouse pituitary gland and a mouse
pituitary tumor cell line (AtT-20) also
support this hypothesis (2). A common
polypeptide precursor of ACTH and g-
lipotropin (pro-opiocortin) has been
identified by using AtT-20 cells known to
secrete  ACTH, p-lipotropin, and pg-
endorphin, the last being a fragment of 8-
lipotropin (amino acid residues 61-91)
(2). When these cultures are exposed
to the synthetic glucocorticoids dexa-
methasone and prednisolone, the secre-
tion of B-endorphin from these cells de-
creases in a dose-dependent fashion (3).

By using a dose of dexamethasone that
markedly reduces plasma cortisol and
ACTH in normal humans for up to 24
hours (4), we investigated the proposed
common regulatory mechanism for the
pituitary B-endorphin and ACTH-corti-
sol systems in humans and rhesus mon-
keys. One milligram of dexamethasone
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was given orally to nine adult humans
(seven males and two females) who had
no medical illnesses and were taking no
medications. The single dose was given
at 2300 hours as part of the standard
overnight dexamethasone suppression
test (5). After an overnight fast, blood
samples were obtained from human sub-
jects at 0800 hours on the mornings
before and after dexamethasone was
administered. In addition, nine adult
male rhesus monkeys in individual cages
were given an equivalent dose of dexa-
methasone, 0.017 mg per kilogram of
body weight, intramuscularly, at 2300
hours. On the night before the baseline
blood samples were drawn, the monkeys
were given saline intramuscularly at
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2300 hours as a control procedure (6).

The results shown in Fig. 1 indicate
that in both humans and monkeys a re-
duction, averaging 75 percent, in plasma
cortisol concentrations occurred 9 hours
after dexamethasone administration. In
contrast, plasma B-endorphin immuno-
reactivity remained essentially unaf-
fected by dexamethasone administration
in humans and monkeys.

Two differences between our experi-
ment and the previously described rat
stress experiment (/) in which dexa-
methasone suppressed both ACTH and
B-endorphin may account for ‘the dis-
crepant results. First, the regulatory
mechanisms for the synthesis and secre-
tion of B-endorphin in higher primates
may differ from those in rodents. Ro-
dents, unlike humans, have a pituitary
gland with a functional intermediate lobe
thought to be important in the con-
version of B-lipotropin to B-endorphin
(7). Second, in the studies with rats,
dexamethasone was administered over a
12-day period in doses more than 100
times greater than those sufficient to sup-
press stress-mediated increases in corti-
costerone concentrations in adult rats,
and 5000 times greater than those re-
quired to suppress the rat corticosterone
circadian cycle (8). In contrast, in our
study, humans and monkeys were given
a single low dose of dexamethasone suf-
ficient to suppress ACTH and cortisol
secretion.

Although a dissociation between f3-
endorphin and cortisol release has not
been reported previously, dexametha-
sone given to seven normal human sub-
jects at midnight suppressed plasma
ACTH and B-lipotropin to undetectable
levels but did not alter the amount of cir-

Fig. 1. The mean plasma cortisol concentra-
tions * standard deviation before and after
dexamethasone administration were, respec-
tively, 16.21 = 4.88 and 3.68 = 4.63 ug/100
ml in humans and 14.28 + 4.26 and 4.34
+ 3.5 pug/100 ml in monkeys. In both hu-
mans and monkeys the cortisol concentra-
tions after dexamethasone administration
were significantly different from those before
treatment (P < .001, two-tailed paired z-test).
In the humans the baseline mean B-endorphin
immunoreactivity value was 143.2 + 34.1 pg/
ml, and after dexamethasone treatment it was
145.6 = 55.4 pg/ml; the immunoreactivity of
the monkeys increased from a mean value of
163.3 = 52.7t0 171.4 * 61.5 pg/ml. Plasma 3-
endorphin immunoreactivity and cortisol de-
terminations were performed with radioim-
munoassay kits (New England Nuclear) with
antiserum from rabbits prepared against syn-
thetic human B-endorphin (/3) and cortisol 21-
succinyl bovine albumin, respectively (/4).
The antibody for B-endorphin demonstrates a

50 percent cross-reactivity with B-lipotropin, but less than 0.01 percent with a-endorphin and a-
melanocyte stimulating hormone, and less than 0.004 percent with [Leu]enkephalin and [Met]-

enkephalin. '
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