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Effects of  thyroidectomy on monoamine oxidase activities toward tyramine and serotonin in the circumventricu- 
lar nuclei of  the rat 
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Summary. Following thyroidectomy, monoamine oxidase (MAO) activities toward tyramine decreased significantly by 
20% in the nucleus periventricularis and the nucleus arcuatus among the 3 hypothalamic nuclei of the rat, while MAO 
activity toward serotonin decreased significantly by 10% only in the nucleus periventricularis. It is suggested that thyroidec- 
tomy induced selective changes on the multiple forms of  MAO in the discrete circumventricular nuclei. 

Monoamine oxidase (MAO) (E.C. 1.4.3.4.), which is impor- 
tant for the metabolism of various brain monoamines, has 
been found to occur in multiple forms, and designated as 
type A MAO and type B MAO based on substrate specifici- 
ty, inhibitor sensitivity and thermal stability 1,2. Type A 
MAO deaminates preferentially norepinephrine and sero- 
tonin, while type B MAO deaminates preferentially /?- 
phenylethylamine and benzylamine. Tyramine is deami- 
nated by both types of MAO. 
We found, in recent years, extremely high concentrations of 
MAO toward tyramine (Tyr-MAO) and strikingly low 
values of MAO toward serotonin (5HT-MAO) to Tyr- 
MAO ratios in the discrete circumventricular regions of the 
rat, and suggested that the circumventricular regions were 
generally rich in type B MAO 3'4. 
Morphological 5, immunohistochemical 6 and physiologi- 
cal 7,8 evidence suggests that the ependymal cells on the 
surface of  the ventricle are involved in endocrine regulation 
by participating in the transport function of various biogen- 
ic amines and some hypothalamic hormones in the cere- 
brospinal fluid (CSF) to pituitary portal capillaries. It is of 
interest, therefore, to study the physiological roles of type B 
MAO in the circumventricular regions. This study describes 
the effects of thyroidectomy on Tyr-MAO and 5HT-MAO 
in the circumventricular nuclei of  rat medial hypothalamus, 
using the microdissection techniffue with freeze-dried sec- 
tions 9 and radiomicromethods 3'4"1~ 
Materials and methods. Male Wistar-King rats (3 months 
old) weighing 250-300 g, housed in a group, were used for 
the experiment. The animals were killed at 14.00 h. by 
decapitation 4 days after thyroidectomy or sham thyroidec- 
tomy u n d e r  nembutal anesthesia. The part containing 
hypothalamus was isotated and frozen in liquid nitrogen. 
Frontal sections of  200 ~tm thickness were made in a 
cryostat at - 1 5  ~ The sections were completely freeze- 
dried overnight at - 3 0  ~ and 10 -3 mm Hg and stored in 
tubes at - 20 ~ under vacuum until use. 
The 3 medial hypothalamic nuclei (the nucleus periventric- 
ularis, the nucleus arcuatus and the median eminence) were 
carefully dissected freehand under a stereomicroscope us- 
hag the atlas of  K6nig and Klippe111. Each sample was 
weighed by an electronic microbalance (Type 4125, Sarto- 
rius). The sensitivity of this balance is 0.1 gg. The weight of 
each sample was 4-12 ~tg. 

MAO activity was measured by a modification 3'4 of the 
radiochemical micromethod of McCaman et a l )  ~ 3 gl of 
0.05% Triton X-100 containing 0.05% BSA was added to the 
dry sample in a microtube. After the preincubation for 
15 rain at 0 ~ 2 gl of  ice-cold buffer substrate was added 
to each tube (final concentrations; 0.1 M-potassium 
phosphate buffer, pH 7.95, 1.5 mM[14C] tyramine hydro- 
chloride, 9.2 mCi/mmole ,  New England Nuclear Co.). The 
experimental and blank (containing no enzyme) tubes were 
incubated at 38 ~ for 30 rain. The reaction was stopped by 
the addition of 1 ~tl of  3 N HC1. Radioactive metabolites 
were extracted by 50 gl of  ethyl acetate. Radioactivity was 
determined in 10 ml of scintillator toluene solution by a 
liquid scintillation spectrometer. The counting efficiency 
was 72%. The same procedure was carried out with seroto- 
nin as substrate (final concentrations; 1.0 mM [2-14C]5 - 
hydroxytryptamine binoxalate, 48.5 mCi/mmole,  New 
England Nuclear Co., 0.1 M potassium phosphate buffer, 
pH 7.2: incubation time, 15 rain). Preliminary experiments 
indicated that the reaction with both substrates was linear 
for 30 rain and up to 200 gg wet weight of whole brain 
tissue. Using this assay, the experimental values were at 
least 10 times the blank values (100 cpm). 
Results and discussion. Our results are summarized in the 
table. Following thyroidectomy, Tyr-MAO activities 
decreased significantly by more than 20% in the nucleus 
periventricularis and the nucleus arcuatus. On the other 
hand, 5HT-MAO activity decreased significantly by 10% in 
the nucleus periventricularis but no significant changes 
were found in the nucleus arcuatus and the median em- 
inence. 
In the nucleus arcuatus, the decrease of Tyr-MAO follow- 
ing thyroidectomy reflects the change of type B MAO, since 
5HT-MAO activity was not changed in the nucleus. On the 
other hand, in the nucleus periventricularis, the decrease of  
Tyr-MAO may reflect the changes of both types of MAO 
but mainly of  type B MAO, since 5HT-MAO activity 
decreased slightly (10%) following thyroidectomy, and also 
it was found recently in our laboratory that only 30% of the 
total Tyr-MAO activity could be attributable to type A 
MAO in the nucleus periventricularis based on inhibition 
studies with clorgyline, a specific type A MAO inhibitor 
(unpublished data). Regarding the effects of hormones on 
the multiple forms of  MAO, some workers have reported 

Effects of thyroidectomy on MAO activities toward tyramine and serotonin in the circumventricular nuclei of the rat 

Nucleus of hypothalamus Tyr-MAO (type A + B) 5HT-MAO (type A) 
Sham- Sham- 
thyroidectomy Thyroidectomy thyroidectomy Thyroidectomy 

Nucleus periventricularis 234.34_+ 9.65 (4) 179.34_+ 9.35 (5) ~ 88.75_+0.94 (4) 77.75_+4.03 (5) ~ 
Nucleus arcuatus 236.08_+ 1.81 (4) 183.84_+ 6.00 (5) ~ 74.76_+2.53 (4) 69.51_+ 1.47 (4) 
Median eminence 145.75_+ 10.59 (4) 151.08_+ 10.91 (4) 59.58_+ 1.50 (4) 61.69_+ 2.21 (4) 

Values (gmoles of product formed/g dry wt/h) represent the mean_+ SEM with the numbers of animals in brackets. Double determinations 
were performed on each animal. Significance was determined by Student's t-test. ~ p < 0.05~ ~ p < 0.005. 
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recently that thyroid hormones acted discriminatively on 
different types of MAO in the rat hear0 2, and that selective 
effects of oestradiol benzoate to ovariectomized rats on 
type A MAO were found in the basomedial hypothalamus 
and the corticomedial amygdala ~3. Similarly, present results 
suggest that thyroidectomy induced selective changes on 
the multiple forms of MAO in the discrete circumventricu- 
lar nuclei. Further studies with a specific substrate for 
type B MAO, such as fl-phenylethylamine, will be needed 
to ascertain the selective effects on type B MAO in the 
circumventricular nuclei, since tyramine is deaminated by 
both types of MAO. 

It is known that all these nuclei ate located close to the 3rd 
ventricle, and that the ependymal cells are distributed on 
the surface of these nuclei 5-7. Furthermore, i t i s suggested 
that some hypothalamic hormones in the CSF are trans- 
ported to hypophyseal portal blood mediated by the epen- 
dymal cells 6-8. If it is assumed that the high amounts of 
type B MAO in these circumventricular nuclei are con- 
tained in the ependymal cell layer, the significant changes 
of type B MAO in the nucleus arcuatus and the nucleus 
periventricularis may be related to the changes of the 
transport function of the ependymal cells in these circum- 
ventricular nuclei. 
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Tissue aseorbic acid and a liver dehydroascorbatase in guinea-pigs 
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Summary. The extraction, partial purification and assay of a dehydroascorbatase from guinea-pig liver is described. There 
was no evidence that changes in dehydroascorbatase activity could account for the modified tissue ascorbic acid concentra- 
tions associated with ageing or with the ingestion of fluoride, flavonoids or anthocyanin material. 

Ascorbic acid (L-xyloascorbic acid, AA) is a labile com- 
ponent of most tissues and its concentration, in those 
species unable to synthesize it, is primarily a reflection of 
its intake in the diet. Tissue concentrations of AA may also, 
however, be substantially modified by a number of meta- 
bolic and physiological factors such as dietal~ composition, 
growth rate, metabolic activity, age, sex etc. z'3. The imme- 
diate determinants in the modification of tissue AA are 
largely uncharacterized but it would appear that a) the 
retention capacity of tissues and b) the rate of AA metabol- 
ism and breakdown are significant factors. 
The catabolic pathways for tissue AA have not been 
completely elucidated and it would appear that consider- 
able interspecies differences exist 4,5. Ascorbic acid, at 
physiological conditions of pH and temperature, is rapidly 
converted to dehydroascorbic acid. Dehydroascorbic acid 
however is unlikely to attain any significant concentration 
in the tissues because of a) the ability of tissues to reduce it 
back to AA 6 and b) the presence of factors catalysing its 
further breakdown. 
The enzyme glutathione: dehydroaseorbate oxidoreductase 
(E.C. 1.8.5.1) which catalyzes the reduction of dehydroas- 
corbic acid to AA in the presence of thiol compounds has 
been characterized in plants and there is evidence that a 
similar system exists in animal tissues 6. A dehydroascorba- 
tase catalyzing the delactonization of dehydroascorbic acid 
to diketogulonic acid, has been characterised in animal 
tissues 7. The relative activities of these 2 systems could, in 
part, determine the concentration of AA in tissues; inhibi- 
tion of dehydroascorbic acid breakdown would presumably 
result in elevated tissue AA concentrations and vice versa. 

This note describes studies designed to determine whether 
nutritional and environmental factors shown to change AA 
concentrations in guinea-pig tissues were likely to operate 
by modifying a dehydroascorbatase system. 

Table 1. Stability of dehydroascorbic acid (10 -3 M) in phosphate 
buffer at 37 ~ (% remaining) 

pH Time (rnin) 
1 2 4 8 16 

5.8 99 97 95 92 87 
6.2 98 96 92 88 76 
6.4 96 92 82 66 32 
7.0 94 86 75 55 11 
7.4 91 80 64 34 0 

Dehydroascorbic acid was prepared by bromine oxidation of AA 9 
and assayed by the homocysteine method as described in the text. 

Table 2. Liver dehydroascorbatase activity in guinea-pigs of different 
ages 

Age (days) 
20 250 880 

Dehydro- 0.358 • 0.021 0.359_+ 0.028 0.285 + 0.094 
ascorbatase (8) (8) (7) 
activity ~ 

* Activity expressed as Ixmoles of DHAA destroyed/g tissue/min 
(mean values with SE); numbers in brackets refer to the animals 
in the group. 


