Volwne 283, number 2, 310-312

ADONIS 0013179191 00BN

' FERS QU479
& 1991 Federaton of Burepean Blochermbal Societien GOELA193914%2,50

May 1991

~ Superoxide dismutase activation in thyroid and suppression in adrenal

Novel pituitary regulatory routes
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This study reports that ndministeation of TSH in young female mice resubly I 0 concomittunt augmentation of SOD uctivity in the thyraid glnd.

A strong thyroid-adrenal interdependence waug also evident in the form of & marked loss of 80D activity in the ndrenal gland in respense tu TSH

administeation. Very recently SODAO; - system hud been identified i3 v patent H, O, generuior which provides subatrate fer the agtion of key enzyme

in thyroxine und progesterone biosynthesis, viz, the peraiduse. Thus, these results strongly suggest that trophic hormanes tenically stimulate hors
niane biesynthesis by medulating uetividion/suppression af specific enzymes, which could be the bnsis af the Luning sequence.

TSH: 30D uetivity: Adrenid gland Thyroglobulin indination

1. INTRODUCTION

Data have accumulated concerning the. effect of

thyroxin stimulating hormone (TSH) on specific

chemical and enzymatic events in the thyroid [1 -6]. Qut
of the thyroid hormone synthesizing enzymes, iodide
peroxidase is found to be augmented by chronic ad-
ministration of TSH regimens [7,8). TSH depletion by
hypophysectomy induced a decrease in the enzyme ac-

tivity which could be reversed by TSH treatments and;

* these changes in the enzyme activity required only a
short interval [9]. It has also been shown that the

modulation of thyroidal iodide peroxidase by TSH is

possibily produced by an effect on the biosynthesis of
the enzyme protein [10]. : :

Even though the peroxidation of iodine was iden-
tified as a crucial biochemical event in thyroid function-

ing, the source of H2Qz (the substrate for peroxidase ac-
tion) remained an enigma since long despite an isolated
work an glucose oxidase activity in the thyroid cells. In
one of our recent reports, we demonstrated a superox-

ide radical-superoxide dismutase system as a potent-

'H10-generator in these cells [11]. A non enzymic
iodine-activation also.could be identified [12]. But the
enzymic peroxidation of iodine, directly under the con-

trol of TSH, could be reguiated by modulating the ac-
. tivities of SOD or peroxidase at the thyroid level. The

Abbrevietions; TSH, thyraid stimulating hormone; SOD, superoxide
dismutase; ACTH, adrenocorticotropin hormone! H;Oz, hydrogen
peroxide; OF 7, superoxide anion radical :
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latter-is well documented leaving the SOD modulation

in the thyroid gland by TSH absolutely unresalved.
This aspect is addressed in this report. Also, a complex
interplay between the TSH and adrenal functioning in

“mammals is demonstrated.

2. MATERIALS AND METHODS

31, Reagems ‘ ‘ . .
Trizma base, Trizma HCI, Triton X-100, diethvlenetrinmingpen-

tawetie geid were obitained from Sigma chemical company Inc., USA.
Pyrogallol was from Loba Chemie, India, while TSH was obtained

from Natlonal Hormone and Piwitary Programe, Baltimore,
Maryland, Tris-HCI buffer (pH 8.2, 50 mM) was made by mixing.50
m Trizma baseand 50 mM Trizma HC! in the ratio of 2:1 and 1 mM
DTPA was added to this salution and the pH was adjusted t0 8.2 at
27°C. : o

2.2, Anintals

Young immature female (40-50 days) Mus musculus (SWiss strain)
bred in our institute colony and housed. at tetnperatire (27 & 1°C)
and light (14 b light/10 h dark) controled rooms were used for the
stugy. ' -

2.3 Meihods ‘ _
Immature female mice were used for study and 20 g of TSH was
administered by a subcutancous injection as a single dose: The
females were sacrificed by cervical dislocation -at different tine
perieds of TSH injection, viz, 15, 30, 45 and 60 min, The thyroid and
adrenal glands were dissected, freed of adhering fat and blood was

. removed by washing several times with chilled physiological saline

and were then used for SOD assays. : :

2.4, SOD aqctivity assay in thyroid/adrenal ] :
SOD from the targel tissues was extracted as described elsewhere
[11,12] and the enzyme was assayed by themethod of Marklund and’
Marklund [13] using the ability of the enzyme to inhibit the autoxida-
tion of pyrogallol, The enzyme kinetics were carried out on an LKB
Ultraspec 4050 spectrophotometer hooked to a periphieral Apple 2e
PC and Epson FX800 printer using the Software-Program Enzyme
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Kinativy (LK mmhmm ing., C'mbndgﬂ. Al fulenlmlmu \wm
made ax per milligram welghi,

C 3.8 Stnidsticol enelysix

- Stathstieal analysis was conducred wiilizing Intraductiory %lallmﬂ
Solovare Package (1SSP), Version 1.0 [14). The degree of vananee of
The resules af eagli graup wax compared with thae oF e peeceding
areup by subjecting them to'a aneaway ANOVA. The correbuian be
twaen the bevels of SOU b thyroid and sdrenal was caleulated using
he ubcw mcminnecl pragram,

3, RESULTS AND DISCUSSION

This study has been undertaken to verify the hypo-
thesis that SOD could be induced by TSH in the thyroid
gland of mammals, which could provide a substrate for
‘peroxidase action, Experiments were designed using im-
mature female Swiss mice which received ashot of 20 ug
CTSH in I'md physiologicnl suline. Controls received an
infection of 1 ml physiological saline alone.

Even before the external administration of TSH, the
thyroid gland hamogenates exhibited a Fairly good SOD
activity. But, after the administration of 20 xg TSH,
there was an immediate surge in SOD activity in the
thyroid gland noticeable at 15 min after injection. The
activity of this enzyme reached its crescendo (P<0.01)
at 30 min after injection which dropped down
significantly (P<0.01) from 45 min onwards. The
resulis are represented graphically in Fig. 1.

The adminstration of TSH affected the SQD activity
‘inthe adrenal gland in a very interesting fashion. Before
TSH administration, the SOD activity in the adrenal
gland was found to be very high (Fig. 1). But after the
TSH infection, it could be seen that there was a
- dramatic loss (P< 0.01Yof SOD in the adrenal. The ac-
ctivity reached its lowest levels at 30 min after the injec-
tion. But at 45 min after the injection, we could find a
significant (P<0.01) reversal of the TSH-induced SOD
depletion. No significant reversal could be noted
thereafter (Fig. 1).

Peroxidation of iodine and orgamhcatlon of actwe
iodine by incorporation into the tyrosine moiety of
thyroglobulin are the 2 important steps in the biosyn-

thesis of thyroid hormones. The enzymes.catalysing the |

reaction have been demonstrated in vitro [15-21]. A
controversy exists whether both the recactions are in-
.volved for these 2 separate half reactions [22]. We

“recently demonstrated that the former half of this reac-

‘tion could be free-radical mediated [12]. The latter half
of the reaction seems to be mediated by a thyroid perox-
idase, which is a membrane bound, glycosylated
hemoprotein enzyme [23]. In &n attempt to trace back

the HaOz-genecrator in the mammalian thyroid, we .

could recently identify a wvery efficient superox-
‘ide~-superoxide dismutase activity that operates at the
thyroid level [11]. Data documenting the induction of
thyroid peroxidase by TSH {7,8] thereby introducing
. regulatory functions in thyroid physiology have thus

left research opportunities to resolve the modulation of -
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HaO; synthesis. In this report, we' provide conQihcing ;
experimental evidences for the induction of SOD by -
TSH in the thyroid, Probably, the induction of SOD ac-

- tivity is a primary effect of TSH that may trigger a

cascade of oxidase-peroxidase enzyme systems leading:
to the icdination events, ‘

There are reasonable grounds ta believe that there is -
a strong thyroid-adrenal interdependence. Adrenocor-

tical function is decreased in pituitary hypothyroidism |
- and increased in hyperthyroidism {24]. It has also been

shown that the thyroid hormones influence pituitary
adrenal function by increasing ACTH secretion and
consequently corticosterone production [24]. We have
witnessed a very interesting observation in connection
with the thyroid-adrenal functions. TSH has displayed
a striking potency to inhibit SOD - activity .in the
adrenals of immature mice. Even though, we cannot
dec1pher why TSH should inhibit the SOD actwny in
this organ. This effect could have manifold effects since
the SOD-mediated oxidation of pregnenolone to pro-
gesterone in the adrenal is plausible. However, this
study has revealed novel and fascinating regulatory
mechanisms exerted by the mammalian pituitary gland.
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