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stimulating Hormone Concentration in Hyperthyroid Rats

MING-TSUEN HSIEH AND LONG-YUAN WU

Institute of Chinese Pharmaceutical Sciences, China Medical College, Taichung, Taiwan, Republic of China

Abstract
The effects of ( & )-tetrahydropalmatine (( & )-THP) on the hypothalamus-pituitary-thyroid system in rats were

investigated.

Thyroid function experiments indicated that ( & )-THP produces significant decreases in thyroid function in
hyperthyroid rats after 14 days of treatment. These effects were the same as those of propylthiouracil. However,
propylthiouracil also decreased thyroid function in normal rats. Measurements of thyrotropin-stimulating
hormone (TSH) demonstrated that ( £ )-THP decreased TSH in hyperthyroid rats after 14 days of treatment;
however, propylthiouracil increased TSH in hyperthyroid rats. (3= )-THP had no influence on TSH, or thyroid

and pituitary weight in normal and hyperthyroid rats.

We conclude that (£ )-THP has an antithyroid function and the mechanism of action may be related to the

inhibition of TSH in the pituitary.

The thyroid is a major endocrine gland for maintaining equi-
librium of metabotism. Phenomena such as nervous tension,
dietary imbalance, environmental pollution, misuse of drugs
and infectious disease may cause an abnormal function of the
thyroid (Daughaday et al 1975). Conventional methods for
treating hyperthyroidism include surgery, radiation with
radioactive isotopes and treatment with thyroid inhibitors.

Hyperthyroidism is often associated with aberrations in the
regulation of the hypothalamus-pituitary-thyroid (HPT) sys-
tem. Typical characteristics include elevated levels of serum
thyroxine (T4), serum triiodothyronine (T3), free triiodothyr-
onine (FT3) and free thyroxine (FT4) (Walker et al 1982). The
conventional antithyroid drug, propyithiouracil, inhibits the
formation of thyroid hormones by interfering with the incor-
poration of iodine into tyrosyl residues of thyroglobulin; in
addition, propylthiouracil also inhibits the coupling of these
iodotyrosyl residues to form iodothyronines (Davidson et al
1978; Morley 1981). However, propylthiouracil stimulates
thyrotropin-stimulating hormone (TSH) through feedback
inhibition to cause an enlargement of follicle cells, and loss of
colloid (Taurog 1976). Therefore, an anti-thyroid drug which
has a different mode of action from propylthiouracil would be
worthwhile.

Based on our previous report, the chloroform B layer
extracted from Corydalis tuber decreases the serum T3, T4 and
TSH levels in L-T4-induced hyperthyroid rats. Furthermore,
this extract did not cause thyroid cell enlargement (Hsieh et al
1995). The chloroform B layer extract has been further purified
to yield ( % )-tetrahydropalmatine ((£)-THP). (£)-THP is a
Protoberberine type alkaloid. The effect of (4)-THP on
thyroid function has not previously been studied. In this study,
the T3, T4, FT3, FT4 and TSH levels of normal and L-T4-
induced hyperthyroid rats were measured to investigate the
effects of (4 )-THP on the thyroid function.
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Materials and Methods

Animals

Female SpragueDawley rats, 250-280 g, were housed indi-
vidually and maintained on a reverse 12 h: 12 h dark/light
cycle (lights on at 0700 h) with free access to food and water,
at a constant environmental temperature (22°C) and relative
humidity of 55 £+ 5%. Testing was conducted during the light
cycle.

Haemodynamic variables in normal rats

Normal rats were intraperitoneally administered (+)-THP
(2-5, 5-0 or 10-0 mg kg~ ') daily for 14 days or propylthiour-
acil (5-0 mg kg~ ") daily for the same period. On the 15th day,
50 mg kg~ ! pentobarbital was intraperitoneally injected into
the rats which were narcotized. The abdominal cavity was
incised to obtain arterial blood, which was allowed to stand for
2h at room temperature (21°C) before centrifugation at
2500 rev min~ " for 10 min to obtain serum. The effectiveness
of these treatments was assessed in 6 rats of each group by
comparing TSH levels, serum T4, serum T3, FT3, FT4 and the
final thyroid, pituitary and brain cortex weights (Taurog 1976)
of normal rats. The blood samples from the arterial vessel were
taken to determine serum T3, T4, FT3 and FT4 levels, which
were determined by specific double antibody radio-
immunoassay (Snyder & Utiger 1976; Walker et al 1982). The
concentration of TSH in the serum was measured by RIA using
TSH kits provided by Abbott Co. Ltd. (Chicago, USA) (Mar-
telo et al 1967; Hershman 1974).

Haemodynamic variables in hyperthyroid rats

The hyperthyroid rats were obtained by subcutaneous injection
for 12 days with a daily dose of L-T4 300 ug kg™ ' and
then daily intraperitoneally with (£)-THP (2-5, 5.0, 10-0 mg
kg™ ") or propylthiouracil for a daily dose of 5-0 mg kg~
On the 15th day, the experimental procedures were the same as

those for normal rats described above.
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Effect of (£ )-THP on TRH-induced TSH level in normal and
hyperthyroid rats

The normal rats and hyperthyroid rats which were induced by
daily subcutaneous injection of L-T4 (300 ug kg™ ") for 12
days, were given daily intraperitoneal injections of ( £ )-THP
(25, 5-0 or 10-0 mg kg~ ') for 14 days. On the 15th day,
300 ug kg~ ' TRH was intraperitoneally injected. Serum was
obtained as above and assayed for TSH.

Drug treatment

(£ )-THP was dissolved in distilled water containing 10%
phosphoric acid (pH values were adjusted to 4-5 with solid
NaOH). Propylthiouracil and L-T4 were dissolved in 0-5 M
NaOH isotonic saline. L-T4 300 was dissolved in 0-5 M NaOH
isotonic saline, subcutaneously injected daily for 12 days. TRH
was dissolved in saline. All drugs were purchased from Sigma
Chemical Co. (St Louis, MO).

Statistical analysis

Data were analysed using one-way analysis of variance fol.
lowed by Duncans multiple range test. P < 0-05 was Con.
sidered to be significant.

Results

The effects of ( + )-THP on thyroid function in rats are shown iy
Tables 1 and 2. The effects of (= )-THP on thyroid, pituitary apq
cortex weight are shown in Tables 3 and 4. The effect of ( +).
THP on TSH level induced by TRH is illustrated jy
Fig. 1.

Discussion

The hormones secreted by the hypothalamus and the anterior
pituitary are peptides or proteins that act by binding to specific
hormone receptor sites on their target tissues. The hypotha.
lamic regulatory hormone, TRH, controls the release of TSH
from the anterior pituitary. TSH controls the secretion of T3

Table 1. Effect of (£ )-THP on thyroid function in normal rats.

Drugs Dose TSH T3 T4 FT3 FT4
(mgkg™")  (uunitsmL™') (ngdL™')  (ugdL™")  (ngdL™") (ngdL™")
Control - 23402 541+34 27402 1-2+0-1 20102
THP 2.5 1.9+0-1 56-8+3:1 23105 13401 1.7+£05
5-0 25+04 588437 25402 12402 2:1£02
10-0 19+01 49-142.5 23+03 12401 19+1.5
Propylthjouracil 5.0 4.0 Q.5%** 35-4£3.6%*  1.0£02** 0-5+0-1***  0.5+0.1**
Mean +s.e.m. of six experiments. **P < 0-01, P < 0-005 compared with control group.
Table 2. Effects of (£ )-THP on thyroid function in L-T4-induced hyperthyroid rats.
Drugs Dose TSH T3 T4 FT3 FT4
(mgkg™") (u _ ounitsngdL™") (ugdL) (ngdL™")  (ngdL ™)
mL"~
Control - 23402 541434 27402 12401 20402
Hyperthyroid - 1-0+0-1 72-8+£89 6605 4.1+0-5 9-1+09
+ THP 25 0901 45.9+89* 51x01* 1.8106* 5-74+0.9**
+ THP 5.0 0-840-1 42.4 £4.3** 4.94+0.2* 1.4£0.6**  5730.9**
+ THP 10-0 0-9+0-1 509+£1-2* 51+£02* 1.5£0.6%*  53+1.1**
+ propythiouracil 5.0 3.84£0.7%** 37.84+4-0%* 1.6 0-3*** 1.0+ 0-1*%* 3.240-3**

Mean +s.e.m. of six experiments. Hyperthyroidism induced by L-T4 300 ug kg™ !, subcutaneously for 12 days.
*P <005, **P < 0-01 P <0-005 compared with hyperthyroid group.

Table 4. Effects of (£)-THP on rat thyroid, pituitary and cortex
weight in L-T4-induced hyperthyroid rats.

Table 3. Effects of (% )-THP on rat thyroid, pituitary and cortex Drugs Dose _ Thyroid Pituitary Cortex
g o or ) yroid, pituitary (mgkg™') (mg/100 g) (mg/100g) (mg/100 £)
Drugs Dose Thyroid Pituitary Cortex Contro} - 74£09 164%12 296+56
(mgkg™)) (mg/100g) (mg/100g) (mg/100g) oy 80£15 156+08 304349
Control — 80£12 145426 304+ 6-0 THP 2.5 7.14+06 158107 29.94+4.2
5-0 72+05 158%19 304 +2.7
THP 2.5 73+1-5 153£25 325459 10-0 67+07 165+13 29.1+1-9
5-0 79+10 14.8+2.5 31.3+46
100 76+0-8 13632 285446 Propylthiouracil 5.0 168+08** 166+ 1.1  30.5+24
Propylthiouracil 5-0 16:0£0-8** 15432 33.1£26

Mean £s.e.m. of six experiments. Hyperthyroidism induced by sub-
cutaneous L-T4 300 ug kg~ ', for 12 days. **P < 0-01 compared with
control.

Mean +s.e.m. of six experiments. **P < 0-01 compared with control.
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FiG. 1. Effects of 5 mgkg™' propylthiouracil (A), 5 mg kg™ (£)-THP (0J), saline (O), 300 ug kg~' L-T4 (@), L-T4- +5mg kg~!
propylthiou:acil (A), or L-T4-+5 mg kg" (+)-THP (W) for 14 days on serum TSH during TRH stimulation in rats. TSH concentration was
measured at time 0, 30, 60, 90, 120 min after TRH injection on the 15th day. Data are presented as the meants.em. of 6 rats. *P <005,

P < 0-01 compared with L-T4 rats.

and T4 from the thyroid cell. Consequently, the secretion of
this tropic hormone is partially regulated by a direct inhibitory
feedback of high circulating thyroid hormone levels on the
pituitary and partially via neural mechanisms operating
through the hypothalamus.

Hyperthyroidism is related to the imbalance of thyroid
hormone regulation. Thioureylene drugs such as propyl-
thiouracil and methimazole, are extensively employed in the
treatment of Graves’ hyperthyroidism. They act similarly on
the thyroid to block thyroid peroxidase-catalysed iodination
and coupling, and increase the TSH level through feedback
stimulation to cause the enlargement of the thyroid cell.

(£)-THP exerted no influence on the T3, T4, FT3, FT4,
TSH level in the normal rats. (£)-THP showed a dose-
dependent response in decreasing serum T3, T4, FT3 and FT4,
but had no influence on serum TSH in hyperthyroid rats.
However, propylthiouracil decreased serum T3, T4, FT3 and
FT4 in normal and hyperthyroid rats. Moreover, pro-
pylthiouracil increased the TSH level in the normal and
hyperthyroid rats. Low dosages of antithyroid drugs induce
hypothyroidism characterized by an increased TSH and a
decreased serum T3 or T4 level or both (Mannisto et al 1979).
Our results indicate that (& )-THP and propylthiouracil could
decrease the thyroid function. However, the mode of action of
(+£)-THP is different from that of propylthiouracil, which can
decrease the thyroxine function and increase the TSH level
through feedback stimulation to cause enlargement of the
thyroid. We therefore investigated the effects of (3 )-THP on
the thyroid, pituitary and cortex weights.

{%)-THP exerted no influence on the thyroid, pituitary and
cortex weight in normal and hyperthyroid rats. However,
Propylthiouracil remarkably increased the thyroid weight in
Normal and hyperthyroid rats. These results indicated that
(£)-THP could decrease the thyroxine function, but had no
feedback stimulating effect on TSH level.

The inhibition of TSH may be evaluated by determining the
Serum TSH which responded to thyrotropin-releasing hormone
(TRH) in normal subjects (Anderson et al 1971). Neither (& )-
THP nor propylthiouracil exerted an influence on the TSH
level induced by TRH in normal rats. (£ )-THP decreased the

TSH level induced by TRH in hyperthyroid rats; however
propylthiouracil increased the TRH-induced TSH level in the
hyperthyroid rats. These results indicate that the mode of action
of (£ )-THP on hyperthyroidism may be related to the inhibition
of TSH in the pituitary, whereas propylthiouracil inhibits the
formation of thyroid hormones in the thyroid gland.
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