discovered may reflect compensatory changes in the GABA-ergic systems of the rat striatum during poisoning by GABA
antagonists.
The possibility of membranotoxic effects of picrotoxin and bicuculline likewise cannot be ruled out.
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EFFECT OF THE DIABETOGENIC AGENT DITHISONE ON ZINC
CONCENTRATION IN PANCREATIC ISLETS OF ANIMALS OF DIFFERENT
SPECIES

E. D. Gol’dberg, V. A. Eshchenko, and V. D. Bovt UDC 616.329-008.64

KEY WORDS: glycemia; diabetes; pancreatic islets: zinc

The high selectivity of action of dithisone on the insulin-producing cells is one of its advantages over other
substances (alloxan etc.) used as a model of diabetes mellitus [1, 2, 4, 6, 8-11]. In view of the high affinity of dithisone for
zinc ions, the study of changes in the content of this metal in the pancreatic islets of animals of different species receiving
dithisone must be interesting from the point of view of the study of the role of disturbances of zinc metabolism in the
endocrine part of the pancreas in the mechanism of development of diabetes. Highly sensitive and selective methods of
cytochemical and biochemical determination of zinc in the insular tissue of the pancreas have been developed in order to
carry out such investigations.

In this paper the zinc concentration in the pancreatic islets in animals of different species was studied after
injection of dithisone.

EXPERIMENTAL METHOD

The experiments were carried out on 42 cats, 293 rabbits, 49 golden hamsters, 68 mice, and 25 pigeons. Dithisone
was injected intravenously in doses of 50-100 mg/kg. The blood sugar level was determined by the Hagedorn—Jensen

Research Institute of Pharmacology, Tomsk Scientific Center, Academy of Medical Sciences of the USSR. Trans-
lated from Byulleten’ Eksperimentai’noi Biologii i Meditsiny, Vol. 113, No. 1, pp- 33-35, January, 1992. Original article
submitted June 7. 1991.

0007-4333/92/0001-0075812.50 ©1992 Plenum Publishing Corporation 75



Fig. 1. Dithisone reaction in pancreas of control rabbit. Positive reaction
discovered in islet ¢ !s: reaction negative in cells of exocrine tissue sur-
rounding islet. 90C.

method before and 5-15 days after injection of dithisone. The animals were killed at these times and pieces of the pancreas
were used for biochemical determination of zinc, and for fixation in cold acetone and 70% alcohol, saturated with hydrogen
sulfide (for the cytochemical study of zinc), and in Bouin’s fluid (for staining sections of the gland by the modified hema-
toxylin-phloxine and aldehyde-fuchsine methods of Gomori) [3, 4]. Considering the ability of dithisone to bind zinc
selectively in the pancreatic islets (Fig. 1) with the formation of a complex readily soluble in acetone, a method of extract-
ing this metal from homogenized pancreatic tissue by shaking it in a solution of dithisone in acetone has been developed
[5]- Zinc was determined in the mineralized extracts by a fluorometric method, using 8-(p-toluenesulfonylamino)-quinoline
(8-TSQ) as the reagent (sensitivity of the method 10~7 mmole zinc in 1 ml of solution). For cytochemical detection of zinc
paraffin sections 5-10 #m thick were stained with dithisone and 8-TSQ by the method described in [3]. A- and B-cells in
the islets were differentiated by the hematoxylin-phloxine method. The specificity of the granules in the B cells (an indica-
tor of their insulin content) was revealed by staining the sections with aldehyde-fuchsinz. A combination of Gomori’s
method and reactions for zinc on the same or on adjacent sections enabled the distribution of insular zinc between cells of
the two types to be studied.

EXPERIMENTAL RESULTS -

Of all the species of mammals studied, the pancreatic islet-cell tissue of rabbits contained the most zinc, whereas
that of cats contained least (Table 1). Zinc was detected cytochemically in A- and B-islet cells and was not found in the
exocrine cells of the gland (Figs. 1 and 2). :

Administration of dithisone to the animals led to a reduction of the amount of zinc in the pancreatic islet tissue
(Table 1). The index of the decrease in the content of this metal in the islets (its relative amount in insular tissue in
control animals to that found in experimental animals) was highest in the case of rabbits and lowest in the case of cats
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Fig. 2. Highly selective luminescence reaction of 8-TSQ with zinc in
| pancreatic islet of a rabbit receiving dithisone. Restoration of zinc con-
centration in A cells arranged around periphery of islet. Insulin-produc-
ing cells with sharply reduced quantity of zinc seen in middle part of
islet. 900x.

TABLE 1. Zinc Content in Pancreatic Islet Tissue of
Normal Animals and Animals Receiving Dithisone in
Doses of 50-100 mg/kg

. i oncer ion Index of
Species of ﬁnﬁ 7g fzettvr\rg?og reduction
animal of gland (X + m of zinc
] concentra-
control ! .control ition in -~
| S liTets
Rabbits 13,84:0,35 4,3+0.27 3,2
Golden hamsters 9,04-0,51 4,5+0,28 2.0
Mice 744038 524044 1,4
Cats 4,0+0,22 2,94-0,30 1,3

Legend. Here and in Table 2 difference from control
significant in all cases.

(Table 1). The values of this index largely agreed with another parameter, namely the glycemic index (the ratio of the blood
sugar of the experimental animals to that of the controls) (Table 2).

It will be clear from Tables 1 and 2 that the diabetogenic action of dithisone in mammals depends on the initial
zinc content in the pancreatic islets. This conclusion is confirmed by the results of experiments on starving animals and
animals receiving glucose. For instance, in rabbits after 48 h of starvation the zinc content in the insular tissue was 1.7
times greater than in control (satiated) animals, whereas after intravenous injection of glucose in a dose of 10 g/kg it was
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TABLE 2. Blood Sugar Concentration in Normal Ani-
mals and Animals Receiving Dithisone in Doses of

50-100 mg/kg
Species of Blood sugar, mmoles/ |Gly-
: i : cemic
animal liter (Xt m) $odas
control T exptl.
Rabbits 574003 22,1+105 39
Golden-hamsters 7,040,111 1004105 1.4
Mice 6,8+026 10,0x108 1,5
Cats . 5,1+0,10 59+0,56 1,2

1.7 times less. Correspondingly, the diabetogenic action of dithisone in starving rabbits was stronger, whereas in animals
receiving glucose, it was weaker than in the control rabbits.

Despite the high zinc content in the islets of pigeons, it is impossible to obtain dithisone diabetes in them. The
reason is that in pigeons most of the insular tissue is accounted for by glucagon-producing cells, by contrast with the
mammals which were studied, in which most zinc is contained in the insulin-producing celis. On injection of dithisone into
animals it binds in the pancreatic islets with zinc in both A- and B-cells [2], although irreversible disturbances of the
metabolism of zinc arise chiefly in the B cells (Fig. 2). The reversibility of disturbances of this kind in the A-insulocytes
may be the result of the mild damaging :cuion of dithisone on them. One of the causes of this is the high calcium concen-
tration in the A-cells, which lowers their sensitivity to the pathogenic agent [7].

Thus the essential role of disturbances of zinc metabolisiz in the insulin-producing cells in the mechanism of
development of diabetes was demonstrated.
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