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Olfactory Disorders and Calcium Localization

Yasuaki ARAKAWA

Department of Hygiene & Preventive Medicine, Faculty of Health Sciences, The University of Shizuoka

Deficiency and excesses of trace elements induce various kinds of brain lesion. In this study, organotin
exposure- and zinc deficiency- induced olfactory lesions were kinetically analyzed from the viewpoints
of the movement of trace elements, an inhibition of signal transduction and toxic cell death (necrosis or
apoptosis) in the olfactory systems.

Remarkable results were that organotin exposure and zinc deficiency induced each excessive accumula-
tion of calcium in the olfactory system such as olfactory epithelium and olfactory bulb. This calcium loca-
lization depended upon the number and species of ligand of organotin compounds in case of organotin ex-
posure and was parallel with the degree of manifestation of deficiency symptom in case of zinc deficiency.
In case of organotin exposure, excessive increases of parathyroid hormone (PTH), cAMP and excessive
decreases of inositol triphosphate (IP3), Ca“/Caimodulin—dependcnt protein kinase II (CaM kinase II)
were seen. In case of zinc deficiency. a remarkable decrease of PTH and a little decreases of cAMP, IP;
were seen in the olfactory tissues. and a remarkable decrease of calcium and a remarkable increase of
PTH were seen in the cerebrospinal fluid.

Putting all results together, the calcium localization in the olfactory system seems to be due to the pro-
cesses such as the activation of adenylcyclase by an excessive increase of PTH in the special regions of
the brain, excessive increase in the formation of cAMP by the activation of adenylcyclase, disorder of
cAMP-activated channels by the excessive increase of cAMP, and an excessive influx of extracellular
Ca??t by the disorder of the channels. Moreover this rapid and excessive increase in the concentration of
intracellular Ca®* seems to inhibit CaM kinase II functions followed by leading to necrosis or apoptosis

in vivo or toxic cell death in vitro.
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Fig.1. Movement of calcium concentration in various brain tissues of zinc-deficient rat.
SPF Wistar-derived male rats (3 weeks ages) fed with zinc-deficient diet for 4 weeks and
after that period a control diet for 6 weeks. Vertical bars denote SE of the mean for 5 de-

terminations.
( == ) olfactory, ( === ) hippocampus, ( =@ = ) cerebellum, { = =& = ) medul-
la oblongata, { M) cortex, ( = O =) corpus striatum
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Fig. 2. Movement of calcium in various brain tissues of rats which received single i.p. in-
jection of tributyltin chloride (2.0mg per kg body weight). Vertical bars denote SE of the

mean for 5 determinations.
( =—6&—) olfactory, ( =% ) cortex, ( ~—— ) hippocampus, ( = =) corpus

striatum, ( ==+#k:+= ) medulla oblongata.
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Fig.3. Olfactory cortex. (A) control, (B) tributyltin-treated, 3 days. Extensive destruc-
tion of the cortical neurons was observed, x 250.
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Fig.4. Comparison of the concentration of calcium in the olfactory bulb of rats which re-
ceived single i.p. injections of various kinds of butyltin compounds (6.144mol/kg body
weight). Vertical bars denaote SE of the mean for 5 determinations.

() : control, (EA) : monobutyltin trichloride, (E)) : dibutyltin dichloride. (RJ) : tributyltin
chloride. (B} : tetrabutyltin.
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Fig.5. Comparison of the concentration of calcium in the olfactory bulb of rats which re-
ceived single i.p. injections of various kinds of trialkyltin chlorides (6.144mol/kg body
weight) . Vertical bars denote SE or the mean for 5 determinations.

(D) : control. (E2) : trimethyltin chloride, (B) : tripropyltin chloride, (B) : tributyltin
chloride.
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Fig.6. The comparison of calcium and magnesium concentrations in the olfactory bulb
and olfactory epithelium of zinc-deficient rat and its tolerant rat. SPF Wistar-derived male
rats (3 weeks ages) fed with zinc-deficient diet or zinc-supplement diet (control diet) for
4 weeks. Vertical bars denote the SE of the mean for 5 determinations.

(A) : calcium in the olfactory bulb, (B) : magnesium in the olfactory bulb, (C) : calcium in
the olfactory epithelium

(Il : control, (I : zinc deficiency, (B3 : tolerance for zinc deficiency
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Fig.7. Changes with the passage of time in the activity of Ca”" /calmodulin-dependent
protein kinase Il (O in the A axis), in the concentration of inositol-1,4,5-triphosphate
(IP3) (& in the B axis), cAMP™ ([ in the C axis), calcium (@ in the D axis), and organo-
tin (M in the E axis) in the olfactory of rats which received single i.p.injections of tributy-
Itin chloride (2.0 mg/kg body weight). Vertical bars denote SE of the mean for 5 deter-
minations. *Each ¢AMP value in the C axis is corrected for the value taken without tri-

butyltin at each feeding period.
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Fig.8. The relationship of calcium, magnesium, parathyroid hormone (PTH), cAMP and
inositol-1,4,5-triphosphate (IP3) in the olfactory epithelium of zinc-deficienct rats, SPF
Wistar-derived male rats (3 weeks ages) fed with zinc-deficient diet or zinc-supplement
diet (control diet) for 4 weeks. Vertical bars is the mean of SD ; those marked with aster-
icks differ significantly (student's t test) from the corresponding control value. * p<0.05
*¥*p<0.01 *** p<0.001 A : calcium. B : magnesium, C : PTH, D : ¢cAMP, E :
IP3
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Fig.9. The relationship of calcium, magnesium, parathyroid hormone (PTH) and cAMP
in the cerebrospinal fluid and olfactory bulb of zinc-deficient rats. SPF Wistar-derived
male rats (3 weeks ages) fed with zinc-deficient diet or zinc-supplement diet (control diet)
for ‘4 weeks. Vertical bars is the mean of SD.; those marked with astericks differ signifi-
cantly (student's t test) from the corresponding control value.

* p<0.05 **p<0.01 ***p<0.001

A . calcium in the olfactory bulb, B  calcium in the cerebrospinal fluid, C I magnesium
in the olfactory bulb, D . magnesium in the cerebrospinal fluid, E : PTH in the olfactory
bulb, F . PTH in the cerebrospinal fluid, G : cAMP in the olfactory bulb.
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Fig. 10. A scheme of the mechanism proposed for olfactory signal transduction.
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