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Production of experimental diabetes by intravenous injection of dithizone indi-
cated a connection between insulin synthesis and the metabolism of trace elements.
Blocking trace elements in the organism led to hypoinsulinism and in turn the
disturbance of insulin synthesis led to excretion from the organism of trace ele-
ments. Hyperglycemia, glucosuria and metalluria produced during dithizone diabe-
tes were also prevented by insulin (29).

Simultaneous administration of zinc chloride (2 mg/kg s.c. twice daily for 7 days)
prevented cadmium chloride induced hyperglycaemia and decreased glucose tol-
erance (12).

We have also reported that the intravenous injection of zinc chloride (1 mg/kg)
immediately before and fifteen minutes after alloxan or dithizone prevented the
usual hyperglycemia observed 24 hours after induction of diabetes. Histological
examination showed that the islets of these animals which were injected with zinc
were intact and their beta cells stained normally. The intravenous injection of
Manganese chloride prevented any marked rise of blood glucose, without protect
ing the islets. Chromium and cobalt chloride lowered the blood glucose level to a
certain extent (24).

ATP resulted also in a significant reduction in blood sugar in female rats

examined on the 10th day after induction of alloxan diabetes (24).
] The aim of the present study is to evaluate the changes in serum zinc, copper,
ron, calcium, magnesium, potassium and sodium under the protective effect of
ATP and certain trace elements such as zine, manganese, chromium and cobalt on
the diabetes induced by alloxan or dithizone.

Material and methods

Sprague dawley rats bred in the laboratory, weighing 200-250 g and fed stock
diet ad libitum, were used throughout.

Fasted rats were rendered diabetic by alloxan by intraperitoneal injection of
freshly prepared alloxan monohydrate solution in a dose of 150 mg/kg of body
Weight. In case of dithizone diabetes, rats were rendered diabetic, after 24 hours fast
by slow intravenous injection of freshly prepared dithizone solution in a dose of
200 mg/kg of body weight (22).
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The rats in this study were divided into seven groups, control group comprised
15 normal rats. Diabetic group comprised 15 alloxanized and 15 dithizonized rats.
Groups 3, 4, 5 and 6 comprised each 20 rats injected intravenously with either zinc,
manganese, chromium or cobalt chloride solution to a dose 1 mg of the salt/kg body
weight immediately before and 1 mg 15 minutes after alloxan or dithizone.

Group 7 represents the effect of ATP on alloxan diabetes, ATP (Richter) was
given by the intraperitoneal route of administration one hour before alloxan in the
dose of 30 mg/rat.

Twenty-four hours after injection, the animals were killed by decapitation.
Blood samples were collected from the heart. A portion of the blood was used for
estimation of blood glucose. The remaining portion was allowed to clot and the
serum was used for analysis of minerals.

The method of Nelson’s modification of Somogyi’s (20) was used for determina-
tion of blood sugar. Serum zinc and copper were determined by the method of
Sinaha and Gabrieli (21). Serum iron, potassium and sodium were estimated by the
method published in Backman, Analytical Method by Atomic Absorption Spectro-
photometer. Serum calcium and magnesium were determined using the method of
Willis (27).

Results and discussion

In health, zinc is one of the most uniform biochemical constituents of
blood and that increased metabolic activities induced a marked and
immediate fall in blood zinc (5).

A significant quantity of zinc is present in normal pancreas, and the
content of zinc is greatly reduced in the pancreas of patients with diabetes
mellitus (26).

Zinc administration seems to stimulate glucose uptake (17) as well as
an increase in plasma insulin like activity (ILA) and seems to enhance the
hypoglycemic action of insulin itself (15).

The hypoglycemic effect of manganese has been reported by many
workers (18, 8). It may act peripherally on utilization of glucose, or through
glucagon, inhibiting its release or interfering with its glycogenolytic action
(8).

It is known that chromium increases the utilization of glucose in
laboratory animals that have been subjected to a chromium-deficient diet
(9.

Sugar transport across the cell membrane is one site of action of
chromium. The mode of action of chromium appears to be closely related
to that of insulin (13).

The effect of cobalt ions on the metabolism of glucose by adipose tissue
was studied with *C labeled glucose by Padmaker and Lazarow (14).
Cobalt ions enhanced glucose uptake, its oxidation to CO; and its incorpo-
ration into fat pad lipids, thus stimulating the action of insulin.

In in-vivo studies the intravenous injection of high dose of cobalt
chloride (25-50) mg/kg body weight caused a transitory hyperglycemia in
normal rabbits (10). This is probably caused by a rapid selective injury to
the alpha-cells of the pancreatic islets, releasing glucagon. The same
authors however found that cobalt had no effect on the diabetogenic
action of alloxan.

In ATP-treated rats (2 mg i.v./rat) the much faster clearance of blood
sugar after glucose injection was associated with a significant increase in
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insulin seeretion. ATP could also increase insulin secretion from the still
functioning beta cells in the partially alloxan diabetic rats (23).

In the present study, serum zinec, copper, iron and magnesium in
alloxan-treated animals were significantly higher than in normal, while
the level of serum calcium, sodium and potassium were lower than
normal.

i However in the dithizone diabetic animals, the levels of serum zinc,
Iron and potassium were higher than normal, while those of serum cal-
Clum and sodium were lower, copper and magnesium levels were un-
changed.

These results are in agreement with previous data obtained by our
laboratory (8, 7).

Wolff et al. (28) reported an increase in serum zinc after dithizone, This
was followed by a greater urinary output of zinc. The iron content of the
serum and urine showed the same pattern as found for zine, but no
significant change was found in copper, cobalt and magnesium (28).
Serum sodium and calcium were reduced, while potassium was raised (1).

Table 1. Effect of certain inorganic elements in protecting the onset of Alloxan
diabetes in rats.

Effect of intravenous injection of

Control Alloxan
Zinc Manganese Chromium Cobalt

(15) (15) (10) (10) 10 (10)
Blood glucose mg% 1167 4509 1105  114.0 269.5 196.5
SD+ 188 1234 11.8 15.6 48.6 33.9
P 0005 0005 0025 0005
Zine ug% M 1317 2258 1744 1177 194.9 173.5
SD+ 159 74.3 27.9 15.3 21.9 11.7
P Insig. 0.0005 Insig. Insig.
Copper g% M 116.9 182.8 1725 1326 167.8 166.7
SD=+ 201 40.5 17.8 124 20.5 9.3
P Insig. 0.0005 Insig. Insig.
Iron ng% M 1321 1705 1652 161.5 167.1 177.6
SD+ 1938 38.3 23.1 32.9 28.8 27.7
P Insig. Insig. Insig. Insig.
Calcium mg%M 755 5.95 6.38 5.43 4.89 4.57
SD % 0.78 0.94 1.11 0.89 0.77 0.84
P Insig. Insig. 0.025 0.01
Magnesium mg%M  3.92 5.65 5.57 5.60 5.59 6.14
SD + 0.44 1.10 0.61 0.80 0.60 0.62
P Insig. Insig. Insig. Insig.
Potassium  mg%M 23.28 19.88  20.01  21.66 19.67 19.55
SD + 2.19 1.35 1.30 1.90 1.57 1.00
P Insig. 0.05 Insig. Insig.
Sodium mg%M 225.3 180.8 219.4 2105 185.1 190.0
SD+ 108 13.8 7.9 8.8 115 16.4

P 0.0005 0.0005 Insig. Insig.
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Many authors reported increased serum zinc due to alloxan diabetes.
The islet cells have the distinctive property of concentrating zine, and the
injury of these cells leads to a release of zinc in serum (11).

As shown in tables 1 and 2, the administration of zinc salt in alloxan or
dithizone diabetic rats prevented the appearance of hyperglycemia.

Since hyperglycemia in diabetic rats is associated with hyperzincemia
(tables 1 and 2), one would expect that the normal blood sugar which was
obtained in the zine-protected animals would have been associated with a
normal serum zinc. But this was not so because the protective agent was
zinc itself and this brought about a rise per se in serum zine, not assoctated
with any hyperglycemia.

Similarly there was no return of serum zinc to the normal level when
insulin was used. Rasin (19) reported that insulin lowered blood zinc level
directly after administration in diabetic dogs, but the zinc level increased
again after few hours.

Injection of zinc chloride in alloxan or dithizone diabetic rats led to
normalization of the decreased sodium. The mean serum sodium in allox-
an or dithizone diabetes was considerably lower than normal. The drop in
serum sodium was due to diuresis which followed the diabetic state. After

Table 2. Effect of certain inorganic elements in protecting the onset of dithizone
diabetes in rats.

Effect of intravenous injection of
Control Dithizone

(15) (15} Zinc Manganese Chromium Cobalt
Blood glucose mg% M 116.7 231.9 111.7 120.0 179.9 174.8
SD+ 188 79.2 19.8 27.7 27.3 323
P .0005 .0005 0.05 0.05
Zinc ug% M 1317 214.8 290.8 185.3 233.9 203.9
SD+ 159 39.8 74.7 34.1 30.0 34.6
P 0.025 Insig. Insig. Insig.
Copper ug% M 116.9 105.3 113.6 108.1 104.3 131.6
SD+ 201 18.3 14.7 8.4 15.7 10,5
P Insig. Insig. Insig. 0.025
Iron ug% M 132.1 184.8 185.6 196.5 179.9 205.8
SD+ 198 31.6 278 20.1 34.9 25.3
P Insig. Insig. Insig. Insig.
Calcium mg%M 7.55 6.02 4.84 5.82 5.32 6.41
SD+ 0.78 1.20 0.52 0.67 0.57 0.74
P 0.01 Insig. Insig. Insig.
Magnesium mg%M  3.92 3.49 5.19 4,15 4.36 3.89
SD =+ 0.44 0.64 0.39 0.55 0.41 0.46
P 0.0005 0.05 0.005 Insig.
Potassium mg%M 2328 25.58 30.13 25.87 26.96 26.50
SD * 2.19 2.37 2.47 1.11 1.75 1.80
P 0.0025 Insig. Insig. Insig.
Sodium mg%M 225.3 195.31 210.3 205.9 206.6 205.6
SD+ 108 15.8 8.9 13.7 11.2 7.9

P 0.05 Insig. Insig. Insig.
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treatment with zine, the sodium level tends to normalize. This may be due
to the relief of the diabetic state as shown from the lowering of the glucose
levels (tables 1 and 2).

Manganese plus alloxan led to a normalization of blood glucose, serum
zine, copper, potassium and sodium. In the case of dithizone plus manga-
nese, magnesium was raised while the other elements were unchanged
when compared to animals injected with dithizone only.

In the case of chromium and cobalt, serum sodium dropped because
hyperglycemia and consequent polyuria still occur despite the injection of
chromium and cobalt chloride.

Adenosine triphosphate can form complexes with ions as copper and
magnesium (4). The chelation of metal ions by ATP can affect serum
minerals,

It has also been shown that the red cell ATP as activity and the active
transport of ions are correlated (16).

Pretreatment with adenosine triphosphate led to a normalization of
zine, copper, magnesium, sodium and potassium. While in case of calcium
and iron there was no significant change from that found in alloxan
diabetes (table 3).

Table 3. Effect of ATP in protecting the onset of alloxan diabetes in rats.

Item Control Alloxan Alloxan + ATP
Zinc ug% Mean 131.7 225.8 135.2
S.D + 15.9 4.3 18.7
P:Cvs A + ATP Insig.
Avs A+ ATP 0.005
Copper ng% Mean 116.9 182.8 126.4
S.D + 20.1 40.5 20.6
P:.Cvs A + ATP Insig.
Avs A+ ATP 0.005
Iron ug% Mean 132.1 170.5 166.1
SD + 19.8 38.3 10.4
P:Cuvs A + ATP 0.005
Avs A+ ATP Insig.
Calcium mg% Mean 7.55 5.95 5.50
S.D + 0.78 0.94 0.36
P:Cwvs A + ATP 0.05
Avs A £ ATP Insig.
Magnesium mg% Mean 3.92 5.65 3.80
SD + 0.44 1.10 0.59
P:Cuvs A+ ATP Insig.
Avs A+ ATP 0.005
Potassium mg% Mean 23.28 19.88 22.15
S.D + 2.19 1.35 1.15
P:Cvys A+ ATP Insig.
Avs A + ATP 0.005
Sodium mg% Mean 225.3 180.8 220.5
SD + 10.8 13.8 12.2
P:Cvs A+ ATP Insig.

Avs A + ATP 0.005
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The high level of serum copper in alloxan diabetes may be due to the
toxic effect of alloxan on the liver, which is the source of copper (7). ATP
administration ameliorated this effect.

Alloxan and dithizone diabetic rats showed an increase in serum iron.
This may be due to hemolysis of erythrocytes (6, 7). ATP has no effect on
the elevated serum iron in alloxan diabetic rats.

The normalization of the decreased serum sodium and potassium
under the influence of ATP may be due to decreased diuresis.

Talaat et al. (25) found that exogenous ATP is associated with a signifi-
cant decrease in the rates of potassium loss in the phrenic diaphragm
preparation. They postulated that ATP exercises iis beneficial effect on
the exchange of potassium ions by acting on the cell membranes.

ATP also lowered the elevated serum magnesium in alloxan diabetic
rats. That is the case with insulin, a slow simultaneous intravenous injec-
tion of insulin and glucose caused a decrease in the magnesium content of
blood plasma (2). Binet (2) suggested that in diabetic animals insulin acts
on the cell membrane promoting the entry of magnesium from the sur-
rounding tissue fluids, thereby creating optimum conditions within the
cell for the metabolism of glucose and ATP, and hence its decrease in the
serum after insulin injection. Thus ATP administration seems to have an
insulin-like effect, it acts on the cell membrane promoting the entry of
magnesium and glucose.

Moreover the ionic movements across the beta cell membrane are
important in insulin secretion by the beta cell and in maintaining it (3).

Thus the present results are in accord with our previous suggestion
that ATP and certain trace elements are essential for both insulin secretion
as well as glucose utilization by various tissues (24).

Summary

The intravenous injection of zinc or manganese chloride immediately before and
15 minutes after alloxan or dithizone prevented the usual hyperglycemia observed
24 hours after induction of diabetes.

Injection of zinc chloride in alloxan diabetes led to normalization of sodium
while zine, copper, iron and magnesium remained high and calcium and potassium
remained low as in alloxan.

In case of dithizone diabetes, the administration of zinc salt led to an increase in
serum zine, magnesium and potassium and to a decrease in serum calcium while
the sodium level returned to normal.

Manganese plus alloxan led to a normalization of serum zinc, copper, potassium
and sodium. In the case of dithizone plus manganese only magnesium was raised
while the other elements were unchanged when compared to animals injected with
dithizone only.

Chromium and cobalt chloride lowered the blood glucose to a certain extent
however it did not affect most of the elements. The same changes occurred in all
elements as with alloxan or dithizone alone.

Pretreatment with ATP led to a normalization of serum zinc, copper, magne-
sium, sodium and potassium, while in case of iron it remained high and calcium
remained low as that found in alloxan diebetic rats.

References

1. Aqua, G. D., G. Gambassi, Boll. Soc. Ital. Biol. Sper., 28, 897 (1952). - 2. Binet,
P, C. R. 248, 595 (1959). - 3. Curry, D. L., L. L. Bennett, G. M. Grodsky, Amer. J.



Awadallah et al., Serum mineral changes 7

Physiology 214, 174 (1968). — 4. Claude Liebeca, Bulletin de la Société de chimie
biologique. Extrait du Tome XI. ITI No. 2-3, 331 (1961). - 5. Davies, L. J. T. Musa, T. L.
Dormandy, J. Clin. Pathol. 21, 359 (1968). - 6. Halim, D., K. Khalifa, R. Awadallah, E.
A. El-Dessoukey, Z. El-Hawary, Z. Ernshrungswiss. 16, 22 (1977). - 7. Halim, D., K.
Khalifa, R. Awadallah, E. A. El-Dessoukey, T. Hafez, Z. El-Hawary, Z. Erndhrungs-
wiss. 16, 39 (1977). - 8. Helmi, R., S. A. Ali, H El-Mahdy, M. A. Khayyal, Drug
Research 1, 79 (1968). - 9. Hopkins, L. L. Jr., O. Ransonekuti, A. S. Magag, Am. J,
clin, Nutr. 21, 203 (1968). - 10. Kurita, M., Jap. Red. Cross Med. J. 8, 208 (1955). - 11.
Maske, H., Experientia 11, 122 (1955). — 12. Merali, Z., R. L. Singhal, Brit. J.
Pharmacol. 57, 573 (1976). — 13. Mertz, W., Memoair 123, 197 (1971). - 14. Padmaker, K.
D., A. Lazarow, Am. J. Physiol. 213, 849 (1967). - 15. Pora, E. A., E. Roventa, I. Madar,
Rev., Roum. Biol. Ser. Zool. 12, 327 (1967). - 16. Post, R. L., C. R. Merritt, C. R.
Kinso]ving, C. D. Albright, J. Biol. Chem. 235, 1795 (1960). — 17. Prasad, A. S., A.
Miala, Z. Farid, H. H. Sandstead, A. R. Schulert, W. Darby, Arch. Interm. Med. 3, 407
(1963). - 18. Quarterman, J., Biochem. Biophys. Acta 177, 644 (1969). — 19. Rasin, M.,
Ukr. Biokhim, Zk. 36, 12 (1964). — 20. Somogyi, M. J. Biol. Chem. 160, 62 (1945). - 21.
Sinaha, S, N., E. R. Gabrielli, Amer. J. Clin. Path. 54, 570 (1970). - 22. Stampf], B.,
Acta Histochem. 8, 406 (1953). - 23. Tahani H,, M. Ziegler, Ain Shams Med. J. 25, 395
(1974). - 24. Tahani H. Mickhail, R. Awadallah, Z. f. E. 16, 176 (1977). - 25. Talaat, M.,
H. Hamdi, Y. Abdel-Rahman, 1. El-Bagoury, Z. A. Ibrahim, The U.A.R. J. Physiol.
Sci. 2, 17 (1966). - 26. Voigt, G, E., Acta Pathol. Microbiol. Scand. 41, 381 (1957). - 27.
Willis, J. B., Clin. Chem. 11, 251 (1965). ~ 28. Wolff, H., H. Maske, B. Stampf],
F. Baumgarten, Klin. Wschr. 29, 670 (1951). ~ 29. Zusmanovsku, A. G., Yu, B
Girgorev, T R. Ul’ gansovsk, Sel’ skokhez Inst. 17, 214 (1972).

Authors' address:

Dr. Raafat, Awadallah, Biochemistry Department, National Research Centre,
Dokki, Cairo (Egypt).



