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(39443)

R. S. PEKAREK anp G. W. EVANS

United States Department of Agriculture, Agricultural Research Service, Human Nutrition Laboratory,
Grand Forks, North Dakota, 58201

Hypozincemia, hypozincuria, and the in-
creased hepatic uptake of zinc are character-
istic responses of the mammalian host dur-
ing many infections, endotoxemia, and
other inflammatory stresses (1-4). Re-
cently, it was postulated that leukocytic en-
dogenous mediator (LEM), a heat labile,
low molecular weight protein released by
polymorphonuclear (PMN) leukocytes, may
be a key intermediate in stimulating the
above alterations in zinc metabolism during
inflammation (5-7).

More recently, Pekarek and Evans (8)
demonstrated that acute infection and endo-
toxemia in rats enhanced the intestinal ab-
sorption of zinc with a significant accumula-
tion of zinc in the livers of the stressed
animals. While the mechanism for altered
zinc absorption during inflammation re-
mains uncertain, the present investigation
was undertaken to determine whether LEM
could be responsible, in part, for the in-
creased intestinal absorption and hepatic
uptake and retention of zinc observed dur-
ing acute inflammatory stresses.

Materials and methods. Healthy adult
male New Zealand white rabbits, weighing
2-3 kg, and male Sprague-Dawley rats,
weighing 150-175 g, were used in our
study. The LEM was prepared by infusing
rabbits intraperitoneally (ip) with approxi-
mately 300 ml of a sterile pyrogen-free nor-
mal saline solution containing 0.2% shell-
fish glycogen (Mann Research Laborato-
ries).! Peritoneal exudates were collected
aseptically 14 hr after infusion, and the
PMN leukocytes were obtained by centrifu-
gation. The harvested cells were washed

! Mention of a trademark or proprietary product
does not constitute a guarantee or warranty of the
product by the U.S. Department of Agriculture, and
does not imply its approval to the exclusion of other
products that may also be suitable.

twice with cold saline; resuspended at 1 X
108 cell/ml in sterile pyrogen-free normal
saline which contained 10 U/ml of heparin,
150,000 Ulliter of penicillin G, and 0.4 g/
liter of streptomycin; and incubated at 37°
for 2 hr with gentle shaking (5, 6). Follow-
ing incubation, the cells were removed by
centrifugation; the supernatant represented
the crude LEM preparation.

The effect of LEM on zinc metabolism
was tested by injecting each of a group of
rats ip with 1 ml of LEM preparation. Each
of another group of rats was injected ip with
an equal aliquot of the LEM preparation
that was heat inactivated (90° for 30 min).
This was done as a control to insure that the
observed changes in zinc metabolism were
not due to any contaminating heat-stable
endotoxins. Each rat of a third group re-
ceived an equal volume of sterile pyrogen-
free normal saline ip and the group served
as an additional set of controls.

Six hours after the administration of the
above materials, zinc absorption was stud-
ied by diluting carrier-free %Zn (Interna-
tional Chemical and Nuclear Corp.)! with
cold ZnCl, in normal saline to give a final
concentration of 1.3 ug Zn?*/ml. All rats in
each test group received a 0.5-ml dose of
the radiolabeled Zn by gastric intubation.
One hour following the administration of
the isotope, the rats were decapitated,
blood was collected in heparinized tubes,
and the entire gastrointestinal tracts were
removed. The radioactivity in the carcasses,
the stomachs and remaining intestinal tracts
were measured in a whole-body ARMAC
Scintillation Detector (Model 446, Packard
Instrument Co., Inc.)! by an Auto Gamma
Spectrometer (Model 2001, Packard Instru-
ment Co., Inc.)!. Zinc absorption was mea-
sured 1 hr after the oral administration of
the isotope in order to minimize the secre-
tion of zinc back into the intestine (8). The
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amount of isotope absorbed into the body
was calculated as follows:

% absorbed
carcass %Zn

carcass + intestine-stomach

In addition, the livers were removed and
the amount of isotope taken up and retained
by the liver was expressed in a similar man-
ner:

liver $Zn

% uptake = ————— .
carcass + liver

Plasma zinc concentrations were deter-
mined by atomic absorption spectrophotom-
etry.

Results. Based on the amount of isotope
that reached the intestine from the stomach,
85Zn absorption was significantly (P < .005)
higher in the LEM-treated rats than in
either the saline or heat inactivated LEM-
treated controls (Table I). In addition, LEM
produced a significant increase in the he-
patic uptake of %Zn and decrease in plasma
zinc concentrations. While the LEM prepa-
ration was highly active, the heat treated
(90° for 30 min) LEM failed to produce any
changes in zinc metabolism in the rat; thus,
showing that the LEM preparation used in
this study was apparently free of any con-
taminating heat-stable endotoxins.

Discussion. Evans et al. (9, 10) have
shown that zinc absorption is inversely pro-
portional to the intestinal and plasma zinc
concentrations. More specifically, Richards
and Cousins (11) have demonstrated that
zinc absorption is in part regulated by the
concentration of metallothionein, a zinc
binding protein, in the intestinal mucosa.
metallothionein synthesis, in turn, is regu-
lated by the amount of zinc present in the
intestinal cells. Thus, when the plasma zinc
content is low, less zinc enters the intestinal
cells from the lamina propria resulting in a

EFFECT OF LEM ON ZINC ABSORPTION

concomitant reduction in metallothionein
synthesis. In turn, more zinc is transported
across the cells of the intestinal mucosa via a
low molecular weight ligand to binding sites
on the basolateral plasma membrane where
it is removed by metal binding plasma pro-
teins (12).

In this regard, acute infection and endo-
toxemia have been shown to produce signifi-
cant alterations in normal zinc metabolism,
resulting in a rapid flux of zinc into the liver,
a lowering of the plasma zinc concentration
and an increase in the intestinal absorption
of this metal (8). Thus, the lowering of
plasma zinc due to the rapid redistribution
of this metal to the liver and possibly to
other tissues would explain the increase in
zinc absorption observed during the inflam-
matory process according to our present
knowledge of zinc homeostasis.

The data from the present study demon-
strate that a factor released from PMN leu-
kocytes also initiates these changes in zinc
metabolism when PMN leukocytes are ad-
ministered to a normal rat. This factor has
been shown to be present in the plasma of
patients with a variety of acute infections
(13, 14) and in experimentally infected lab-
oratory animals (5). While LEM may be a
key intermediate in altering zinc homeosta-
sis during the inflammatory process, its
mechanism of action remains somewhat ob-
scure. However, LEM also has been shown
to induce the hepatic uptake of plasma free
amino acids (15) and the increase synthesis
and/or release of various acute phase glyco-
proteins (16, 17). Since zinc has been shown
to be essential for RNA, DNA and certain
aspects of protein synthesis (18-20), there
may be a greater requirement for this metal
in the liver during inflammation. While the
functional role of zinc in the liver and the
mechanism by which LEM acts to increase
the hepatic zinc content during inflamma-
tion are still unknown, the fact remains that

TABLE 1. Errect oF LEM ON ZINC ABSORPTION AND DISTRIBUTION IN THE RAT

Carcass Zn (% ab- Liver Zn (% ab- Plasma Zn (ug/100
Treatment of rat (1 ml ip) sorbed)” sorbed)” ml)®
LEM 38.1 = 1.9 52.1 £ 2.4 36 = 20
Heat inactivated LEM 222+ 3.1 38.8+2.8 124 £ 5
Saline control 229+1.8 423 0.9 125 =5

2 Minimum of six animals + SE.

® Significantly different from control groups (P < .005).
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the inflammatory process causes a redistri-
bution of zinc within the tissue of the body
with a concomitant increase in the intestinal
absorption of this metal.

Summary. Leukocytic endogenous me-
diator (LEM) was shown to produce a sig-
nificant increase in the intestinal absorption
of zinc within 7 hr after its administration to
normal rats. Consistent with earlier studies,
LEM also produced a significant decrease in
the plasma zinc concentration and an in-
creased hepatic uptake of this metal which
further demonstrates that LEM may be a
key intermediate in altering zinc homeosta-
sis during inflammation.

1. Halsted,J. A., and Smith, J. C., Jr., Lancet 1, 322
(1970).

2. Pekarek, R. S., and Beisel, W. R., in “Proceed-
ings of the 9th International Congress of Nutri-
tion”, Mexico, 1972 (A. Chavez, H. Bourges, and
S. Basta, eds.), p. 193. Kaiger, Basel, Switzerland
(1975).

3. Pekarek, R. S., and Beisel, W. R., Appl. Micro-
biol. 18, 482 (1969).

4. Powanda, M. C., Cockerell, G. L., and Pekarek,
R. S., Amer. J. Physiol. 225, 399 (1973).

5. Pekarek, R. S., and Beisel, W. R., Proc. Soc. Exp.
Biol. Med. 138, 728 (1971).

6. Pekarek, R. S., Wannemacher, R. W., Jr., and
Beisel, W. R., Proc. Soc. Exp. Biol. Med. 140,
685 (1972).

7. Kampschmidt, R. F., Upchurch, H. F., Edding-
ton, C. L., and Rulliam, L. A., Amer. J. Physiol.
224, 530 (1973).

575

8. Pekarek, R. S., and Evans, G. W., Proc. Soc.
Exp. Biol. Med. 150, 755 (1975).

9. Evans, G. W., Grace, C. 1., and Hahn, C., Proc.
Soc. Exp. Biol. Med. 143, 723 (1973).

10. Evans, G. W., Grace, C. 1., and Votava, H. J.,
Amer. J. Physiol. 228, 501 (1975).

11. Richards, M. P., and Cousins, R. J., Biochem.
Biophys. Res. Comm. 64, 1215 (1975).

12. Evans, G. W., and Winter, T. W., Biochem. Bio-
phys. Res. Commun. 66, 1218 (1975).

13. Wannemacher, R. W, Jr., DuPont, H. L., Peka-
rek, R. S., Powanda, M. C., Schwartz, A., Hor-
nick, R. B., and Beisel, W. R., J. Infect. Dis. 126,
77 (1972).

14. Wannemacher, R. W., Jr., Pekarek, R. S., Klai-
ner, A. S., Bartelloni, P. J., DuPont, H. L., Hor-
nick, R. B., and Beisel, W. R., Infect. and Immu-
nity 11, 873 (1975).

15. Wannemacher, R. W., Jr., Pekarek, R. S., and
Beisel, W. R., Proc. Soc. Exp. Biol. Med. 139,
128 (1972).

16. Eddington, C. L., Upchurch, H. F., and
Kampschmidt, R. F., Proc. Soc. Exp. Biol. Med.
136, 159 (1971).

17. Pekarek, R., Wannemacher, R., Powanda, M.,
Abeles, F., Mosher, D., Dinterman, R., and Be-
isel, W., Life Sciences 14, 1765 (1974).

18. Terhune, M. W., and Sandstead, H. H., Science
177, 68 (1972).

19. Williams, R. O.,and Loeb, L. A., J. Cell Biol. 58,
594 (1973).

20. Hsu,J. M., Anthony, W. L., and Buchanan,P.J.,
J. Nutr. 99, 425 (1969).

Received December 27, 1975. P.S.E.B.M. 1976, Vol.
152.



