Di1ABETOGENIC ACTION OF HYDROXYQUINOLINE ANALOGUES

studied. The mean difference between bili-
rubin levels at 2 and 4 days of age was de-
termined in 100 infants given 25 pg of l-tri-
iodothyronine daily. This mean was com-
pared with a similar mean in 100 controls. I-
triiodothyronine significantly depressed the
neonatal bilirubin level. The drug may exert
its effect by accelerating maturation of glu-
curonic acid conjugating system.
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As previously reported(1,2,3), some chelat-
ing agents for heavy metals have been shown
to be diabetogenic in experimental animals.
This effect may be attributed to their destruc-
tive action on the pancreatic islet cells by
chelating with biologically important metallic
ions. Further studies have been continued to
detect other diabetogenic chelating chemical
substances with structural similarity to 8-
hydroxyquinoline. The present report deals
with studies on the diabetogenic action of ana-
logues of 8-hydroxyquinoline and derivatives
of pteridine and similar structures with metal-
binding properties.

Materials and methods. Adult rabbits were
used. Blood sugar was determined by Hage-
dorn-Jensen’s method (4) at various intervals
after intravenous administration of the com-
pounds. Histologic examination of pancreatic
islet cells was performed with Gomori’s chro-
mium-hematoxylin phloxine method(5). Ana-
logues of 8-hydroxyquinoline were used as so-
lutions of sodium salts. Derivatives of pteri-
dine were administered as aqueous solutions.
Tested compounds and intravenously injected
doses were as follows: 1-Hydroxyphenazine
30-60 mg/kg, 6-Hydroxy-m-phenanthroline
(5:6-Pyridooxine) 30-70 mg/kg, 1-Hydroxy-
acridine 20 mg/kg, 5-Hydroxybenzo-f-quino-

line (5:6-Benzooxine) 30-50 mg/kg, 5, 8-Di-
hydroxyquinoxaline 50 mg/kg, 4-Hydroxy-
pteridine 20 mg/kg, Isoxanthopterine 20 mg/
kg, 2-Amino-4-hydroxypteridine 15-30 mg/
kg, Picolinic acid 40-100 mg/kg, Dipicolinic
acid 20-40 mg/kg.

Results.  1-Hydroxyphenazine caused a
transitory hyperglycemia. However, doses
over 60 mg/kg were intolerable, as they
showed considerable toxicity. 1-2 hours after
injection with doses 50-70 mg/kg of 6-Hy-
droxy-m-phenanthroline there ensued a re-
markable hyperglycemia which returned to
normal after 3-4 days (Fig. 1). Histologic
examination of the pancreas of one rabbit
which died 24 hours after injection revealed
necrotic and degenerative changes of beta
cells of the islets.

1-Hydroxyacridine also could produce a hy-
perglycemia as shown in Fig. 1. One rabbit
died in convulsion 24 hours after administra-
tion of I-hydroxyacridine (blood sugar 26
mg/100 ml). Histologic appearance of the
islet of this animal showed degenerative
changes of beta cells, while alpha cells re-
mained almost normal. S§-Hydroxybenzo-f-
quinoline caused similar hyperglycemia. How-
ever, degree of hyperglycemia was somewhat
slighter than those produced with above 2
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FIG. 1. Changes in blood sugar level in rabbits
after intrav. administration of analogues of 8-hy-
droxyquinoline. I, 6-Hydroxy-m-phenanthroline,
IT. 1-Hydroxyaeridine, TIL. 5-Hydroxybenzo-t-
quinoline.

compounds. After administration of 5.8-di-
hydroxy-quinoxaline no fluctuation of blood
sugar was observed. Three derivatives of
pteridine and dipicolinic acid caused no no-
ticeable change in blood sugar with given
doses.  Picolinic acid showed only a slight
hyperglycemic tendency.

Discussion.  For elucidating the acting
mechanism of diabetogenic substances. it may
be important to study the correlation between
chemical structures and biological action. Se-
lective affinity of chelating agents for zinc
in the islet cells seems to be a clue for the
problem. The data presented above show
clearly the diabetogenic action of 1-hydroxy-
acridine, 6-hydroxy-m-phenanthroline and 5-
hydroxybenzo-f-quinoline. These compounds
have sensitive chelating activity for trace
metals, as shown by Albert(6). Therefore.
the action of these compounds is presumed to
be a result of chelation with zinc ions in the
islet cells. Despite its sensitive chelating
avidity (7). 5,8-dihydroxy-quinoxaline had no
effect on blood sugar. It may be considered.
as in quinoline derivatives(3), that addition
of hydroxy groups in the compound deprives
it of the biological action.

Considering analogous structures to 8-hy-
droxyquinoline and chelating activity of pteri-
dine derivatives(8), diabetogenic action of
some derivatives of pteridine was expected.
However, these compounds did not affect
blood sugar. Hoérlein(9) reported that intra-
venous administration of xanthopterine into
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rabbits in doses 20-50 mg/kg caused destruc-
tion of kidney and hyperglycemia during a
few days after injection. Albert(8) showed
that 4-hydroxypteridine, in spite of its struc-
tural similarity to 8-hydroxyquinoline, had a
far lower affinity for metallic ions. The lack
of diabetogenic effect of pteridine derivatives
might have been due to poor solubility and
lower chelating affinity for metals.

Despite their chelating affinity (10,11), pico-
linic acid and dipicolinic acid had no diabeto-
genic action, probably due to the presence of
the carboxyl group, as in the case of quinal-
dinic acid(1). Therefore, available evidence
indicates the existence of the essential chemi-
cal structures and properties required for dia-
betogenic action. Besides chelating affinity
for trace metals, suitable solubility and prop-
erty seem to be essential. Much more evi-
dence may be necessary to disclose the pos-
sible mechanism of diabetogenic substances.

Summary. 6-Hydroxy - m - phenanthroline
and 1-hydroxyacridine caused hyperglycemia
and destructive changes of the pancreatic islet
in rabbits. 5-Hydroxybenzo-f-quinoline also
produced a considerable hyperglycemia. How-
ever, 3 derivatives of pteridine, picolinic acid
and dipicolinic acid failed to produce signifi-
cant changes in blood sugar.

We are greatly indebted to Dr. F. Hirata, Ono
Pharmaceutical Co., Ltd. for synthesis of compounds
used.
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