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Abstract Three different functional states of thyroid function were developed by medication with L-thyroxine

(THY), dry thyroid tabulate, and tapazole (TAP) in mice. The responses to the middle cerebral artery occlusion

w ere observed to assess their effects on the ischemic damage. The T3 and T4 in seum w ere increased in L-thy roxine

and dry thyroid tabulate groups, and T3 was decreased but T4 was not changedin TAP medicated for 30 d. The in-

farcted mass, LDH & MDA were increased after MCAO in the L-thyroxine and dry thyroid tabulate groups but

decreased in TAP group. On the other hand the neuwnal deficiency was impwved by L-thyroxin vs the euthy-

roid while there was no significant change in TAP group. It is concluded that hyperthyroidism exerts mainly a neg-

ative effect on cerebral infarction caused by MCAO.
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An infarcted zone could be developed after the
cut off of oxygen supply by occlusion of the middle
cerebral artery occlusion (MCAO) in mice. Oxy-
gen demand of cerebral tissue is stimulated by L-
thyroxine (THY ) which enhances the oxidative-
phosphorization in cells'" . Thyroid hormone ex-
erts its effect on many aspects in cardiovascular sy s-
tem L7 An occlusion of blood supply would deterio-
rate the ischemic lesion in the presence of hyper-
thyroidism. An exaggerated cardiac infarcted zone
by coronary occlusion was uncovered in rats with
hyperthyroidism. The Na /K~ ATPase activity,
which is crucial for the function to maintain the
normal membrane potential and the excitability of
the cardiac and neural cells is depressed by an in-
jury of ischemia. The function of THY is to cause
enhancement of the sodium pump of the mitochon-
dria of the heart and brain'*® . Therefore, it could
be expected that THY is potential to provide a pro-
tection by an increment in Na' /K" ATPase activi-
ty against the depressed Na /K™ ATPase activity
due to a shortage of oxygen supply. Neurological
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stress is a state causing an excess of endogenous
bioactive substances including L-thyroxine and it
may improve or benefit the cerebral neurons against
ischemic insult. So it is interesting to get more in-
sight on the likelihood of protection by the different
thyroid functions on the cerebral infarcted zone by

MCAO in mice.
1 Materials and Methods

Mice, 18 to 23 g of either sex; from the Ani-
mal House of the University, were used. Chemi-
cals were offered as below; TTC from Shanghai
Distributing ~ Chemical
(THY ) from Beijing
Chemical Reagent Department , dry thyroid tabu-
late (DTT) from Shanghai Great Wall Pharmaceu-
Tapazole ( TAP) tabulate from
Shanghai Yellow River Pharmaceutical Factory.

General Factory of

Reagents, L-thyroxine

tical Factory,

Three different thyroid states: Two hyperthyroi-
dism states were developed in mice by po 1 mg/kg

THY, or DTT 2 mg/kg suspended in 0.5% CMC
for 10 days. Hypothyroidism was the result by
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chronic oral medication of TAP 0. 4 mg/kg sus
pended in 0.5 % CMC for 30 days. Animals were
killed 24 h after the last medication. The heart
weight index (HWI) was calculated by heart
weight (mg) / body weight (g)X100%.
Measurement of T3 and T4 in serum . Radio-im-
muno-assay' ) was applied to measure the serum T3
and T4 in blood samples which were taken from
the post eyeball venous vessels on the day of experi-
ment.

Middle cerebral artery occlusion| MCAO] ;. Mice
were under light ether anesthesia and the skull was
carefully operated on the left side to show the mid-
dle cerebral artery, then, it was occluded by heat-
ing using a heated stainless wire. The size of an in-
farcted zone, where was pale against the reddish
survival tissue, was performed by TTC stain
method.

MDA and LDH assay: These were done with kits
purchased from the Nanjing Railway Medical Col-
lege[ £

Evaluation of neurological deficits: Mice were e-
valuated carefully 24 h after occlusion for assess
ment of neurological status after occlusion of the
MCAU'Y,
movement of the contralateral limb were moni-

tored 2 .

The statistic analysis:

Spontaneous activity and deficiency in

Data were expressed as
means and standard deviation (x =s). The stu-
dent t test was applied to compute the statistic sig-
nificance among the treated groups against the eu-
thyroid group, at three levels as P<<0.05, P<<O0.
05, and P<<0.Ol.

2 Results

2.1 Influence on body and heart weight

The changes in body and heart weight were
shown in Tab 1. In the THY group the heart
weight and the HWI were increased significantly a-
gainst the normal. It was increased slightly but no

statistic significance in DTT and no change was

found, in TAP, groups versus THY (Tab 1),

Tab 1. Influence of L-thyroxine dry thyroid and Tapazole on body

and heart weight in mice. x *s, n=10

Doses BW HW HWI
Groups
(mg/ kgX 10d) (g) (mg) (mg/ g)
Normal — 25.5+4.0 14512  5.68=+0. 83
L-thyroxine 1 23.7£2.9 182+24° 7.68+1.3¢
Dry thymwid 2 24.7+1.2 157+21*¢ 6 3+61 3
Tapazole 0. 4mg/ kg +=30d 26.2+4.8 142+23*! 5, 424+1.6°

P> (). 05, "P< 0. 05, P< 0. 01. vs normal. *P< 0. 05' P< 0. 01 vs

L-thyroxine.
2.2  Changes in serum T3 and T4

The values of serum T3 and T4 were greatly
increased in THY group, with 16.4 fold in T3 and
28 fold in T4 compared with the euthywid (P<0.0D).
There was a mild elevation of T3 and T4 found in
DTT groups 2.24 fold in T3, and 16 fold in T4 vs
TAP (P<<0.01), but much less than THY (P<<O.
01). In contrast, T3 value was less in TAP group
against the normal (Tab 2).

Tab 2. Changes in serum T3 and T4 by different thyroid

states in mice. xts, n=10

Doses T3 T4
Groups
(mg/ kgX 10d) (ng/ mD g/ mD
Normal — 0.5940. 17 0.610.3
L-thyrox ine 1 9.7145. 11°  16.8%5.1°
Dry-thyroid 2 1.3240.60°"  9.6+5. 9"
Tapamle  0.4mg/kgxX 30d 0.3820.20"  0.6+0. 3"

PP <2 0.05,°P<C 0. 01 vs normal 'P<< 0. 01, vs Lrthy-

roxine.

2.3 Influence on LDH activity

As a result of cerebral ischemic damage, the
level of LDH was increased significantly by MCAO
in mice. An increment of 51% (P<C0.05)in the
model group over the normal LDH was seen after
24 h M CAO[ data not shown] and the LDH values
increased significantly in THY and DT T groups (P
<C0.01) but no change in TAP group was found
as com pared with the model (Tab 3).
2.4  Influence on MDA production

MDA production was enhanced as a conse-
quence of ischemia by MCAO, and an increment
was 187 % more than the normal (P<C0. 01).
There was no further increase seen in THY and

DTTgroups however, a reduction was found in
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TAP group (P<<0.05) (Tab 4).

Tab 3. Influence of different thyroid states on LDH activity
in the affected cerebrum after MCAO in mice. x £ n=10

Groups Dose(mg/ kgX 10d) LDH (W mg protein)
Model — 0. 490. 07

I~ thyroxine 1 0. 6340, 12"°

Dry thyroid 2 0. 6240. 05°"
Tapazole 0.4mg/kgX 30d 0. 4440. 10*

ap> (.05 "P<< 0. 05, °P< 0. 01 vs model, *P< 0. 05, ' P<<
0.01 vs tapazole.

Tab 4. Influence on MDA production in different thyroid

states in cerebrum after MCAO in mice. x +s, n= 10

Dose MDA
Groups .
(mg/ kgX 10d) (nmol/mg protein)
Normal — 0. 20+0. 03
Model - 0. 57=+0. 11°¢
I~ thyrox ine 1 0. 60=+0. 08°
Dry thyroid 2 0. 58 £0. 19°
Tapazole 0. 4mg/kgx 30d 0. 48 +0. 13°"

°P<0.01 vs normab "P<< 0. 05 vs model.

2.5 Influence on infarcted zone

The infarcted zone was developed after 24 h
after MCAO. The mass of infarcted zone in THY
and DTT groups showed an increment of 33.3%
& 26.9 % respectively, versus the normal, howev-
er, a reduced size of 38. 5% was found in TAP
group (Tab 5).
Tab 5. Influence on infarcted zone by MCAO by different thyroid

states in mice. x+s n= 10

The affected
Infarcted zone  Infarct mass

Groups hemisphere

(mg) %
(mg)
Model 520+13 40.3+2.9 7.8+0.22
I-thyroxine 400+10.3  41.8+6. & 10. 440. 66°
Dry thyroid 423497 41.7+8 3 9.9+0.86°
Tapazole 5901149 28.6+1. 03¢ 4. 840.7°

P> 0.05 “P< 0.0l vs model.

2.6  Effect on neurological deficits

The values of spontaneous activity and defi-
ciency in contra-limb movement were compared a-
mong the three groups. These were decreased in

thyroxine,, .and dry thyroid grouns, and no signifi-

cant change was found in TAP groups (Tab 6).

Tab 6. Effect of L-thyroxine, dry thyroid and tapazole on neurologi-
cal deficits by a scoring system after 24 h MCAO in mice. xts n=
10

Doses Spontaneous Deficiency in
Groups

mg/ kg activity contra-limb movement
M odel — 4.240.5 5.3%0.4
L-thyroxine 1 3.240.4¢ 4.240.9¢
Dry thymwid 2 3.6+0.6 4.5+1.0"
Tapazole 0. 4mg/ kgX 30d 3. 840. 6 4.74+1.2°

P> 0. 05, »P<< 0. 05, P<< 0. 01 vs model.
3 Discussion

A hyperthyroid state was well established by
THY, shown as an elevation in both the T3 &T4
and an increase in HWI. A less elevation in T3 and
T4 in DTT group, is considered as a mild hyper-
thyroid state by THY, in agreement with the evi-
dence of ventricular hypertrophy. Difference in
thyroid states causes not only different responses to
bioactive substances ™', but also the cerebral in-
farction mass. It was exacerbated in infarcted size
and cardiac arrhythmias following coronary liga-
tiond ',

The energy consumption was markedly in-
creased as expected in THY group under an excess
of T3 and T4 which stimulate catabolism and
metabolism and a rapid heart rate and hypertro-
phied heart. There are two factors probably in-
volved in developing cerebral ischemic lesion. One
is oxygen demand which is enhanced by THY and
another is the level of ATPase activity of the neu-
rons. When cells are under anoxia by cutting off
the blood supply, the N&/K ATPase activity will
be reduced resultant with an impairment in mem -
brane ion balance. It was found that the Na/K
ATPase activity is increased by the stimulation of
THY' ' . The increment in Na/K ATPase is fa-
vorable to the resistance to ischemic injury. So a
state of hyperthyroidism does not exert only a neg-
ative effect to ischemic damage. The effect of TAP

causing hypothyroidism[”’ " on the lesion devel-

oped by M CAO is also determined by the two fac-

tors fore-mentioned and showed a possible protec-
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tion of cerebral neurons by a reduction in oxygen
demand. So the influence of thyroid hormone, in
the excess or decreased amount, may be bi-phasic
in nature.

The hypertrophic myocardium induced by
THY was evident. The effect of TAP was not evi-
dent on heart weight although T3 level in serum
was reduced by TAP treatment.

The cerebral infarct mass developed after
M CAO was exacerbated under the over-stimulation
of THY, accompanied with an over-production of
LDH and MDA in the affected cerebral region.
These indicated that THY exerted an effect to
make the ischemic events worse. The main out-
come of an over-activity of THY caused an exag-
gerated consequence following an ischemic episode.
However, a less neurological insult based on the
changes in the motor regulating system and the
spontaneous activity after MCAO in mice provided
an improvement against the euthyroid state, sug-
gesting that hy perthyroid state was impressed with
a relief of neurological damage by an occlusion of
the middle cerebral artery. A hypothyroid state
produced by the treatment with TAP was effective
to alleviate the mass of cerebral infarction, produc-
tion of LDH and MDA releases; but no beneficial
result observed on the neurological derangement.

Although results of the investigation was con-
flicted to same extent, THY affects the ischemic
lesion possibly in two directions, and the final out-
come is the balance between the things developed
on the two sides. It could be concluded that as a
predominant factor an increase in oxygen consump-
tion by THY is more crucial to impact a worse is-
chemic damage caused by MCAO and an elevated
Na+/K+ ATPase activity by THY was not a de-
terminant to blunt the ischemic lesion produced by

M CAO.
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