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Abstract-The effect of six drugs on the uptake and organification of iodide by porcine thyroid cells 
stimulated with bovine TSH (10 miU/L) has been investigated. The drugs fall into two categories: the 
peroxidase inhibitors, methimazole (MMI), 2-thiouracil (2-TU) and 3-amino 1,2,4 triazole (3-ATA) 
and the ionic inhibitors, lithium chloride (LiCl), potassium perchlorate (KC104), and sodium iodide 
(NaI). All the drugs led to a dose-related inhibition of iodide metabolism. The most potent effect on 
iodide uptake was seen with NaI which inhibited this function by 20% even at 10e8 mol/l. In contrast, 
the most potent effect on iodide organification was observed with methimazole which led to a 25% 
inhibition at lo-* mol/l. The concentrations of drug which gave rise to a 50% inhibition of iodide uptake 
were (pmol/l) 0.26 (NaI), 3.5 (KCIO1), 9.7 (2-TU), 15 (MMI), 26 (3-ATA), and 1500 (LiCl). The 
comparable figures for organification were 0.13 (MMI), 0.18 (2-TU), 0.23 (NaI), 1.2 (3-ATA), 15 
(KClO,) and 1300 (LiCI). We conclude that this in vitro system has considerable potential for the 
assessment of potency and possible bioassay of anti-thyroid drugs of varying structures and sites of 
action. 

There is increasing interest in the development of 
simple in vitro systems which allow investigation into 
the biological effects of drugs and toxic substances 
without resource to large scale animal experi- 
mentation. To this end, we have recently developed 
two systems which are suitable for the assessment 
of the in vitro anti-steroidogenic potency of drugs 
affecting adrenal and testicular steroidogenesis 
[l ,2]. These methods, which employ isolated guinea- 
pig adrenal cells and mouse Leydig cells respectively, 
have proved of value in testing the biopotency of new 
[3] and existing compounds [4]. We have recently 
described a porcine cell culture system which is sen- 
sitive to 0.1 miU bTSH/l [5] and which is suitable 
for the detection of thyroid stimulating/inhibiting 
immunoglobulins [6]. The characteristics of this sys- 
tem have now been exploited to allow assessment of 
the biological potency of anti-thyroid compounds. 

The effect of 6 drugs, methimazole (MMI), 2- 
thiouracil (2-TU), 3-amino-1,2,4 triazole (3-ATA), 
lithium chloride (LiCl), potassium perchlorate 
(KC104), and sodium iodide (NaI), on iodide uptake 
and organification by porcine thyroid cells stimulated 
with 10 miU/l bovine TSH has been investigated. 

The thioureylene drugs, methimazole and 2-thio- 
uracil, are used clinically in the treatment of hyper- 
thyroidism and are believed to act at the level of 
thyroid peroxidase [7], which catalyses the oxidation 
of iodide and its subsequent incorporation into tyro- 
sine residues of thyroglobulin [8]. The mechanism of 
action of 3-amino-1,3,4-triazole (3-ATA) is poorly 
understood but it is believed to be a peroxidase 
inhibitor. 

* Present address: I.C.I. p.l.c., Central Toxicology 
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Uptake of iodide into thyroid cells is dependent 
upon an energy-dependent pump in the cell 
membrane. Several inorganic ions, e.g. thiocyanate 
(SCN-), nitrate (NO?) and perchlorate (ClO;), 
have ionic volumes similar to the iodide ion and 
compete for transport by the iodide carrier. Per- 
chloride, as the potassium salt, is the only ion of the 
group that finds occasional use in the treatment of 
hyperthyroidism. Perchlorate is concentrated in the 
thyroid gland and its action is inhibited by excess 
iodide which presumably competes for the con- 
centrating mechanism. Perchlorate may produce 
aplastic anaemia in rare instances and this has 
severely limited its therapeutic use, and it is now 
almost obsolete. However, it is occasionally used as 
a diagnostic aid in thyroid dysfunction. 

Although the synthesis of thyroid hormones 
depends on the presence of iodide, iodide in excess 
of physiological requirements may inhibit thyroid 
function. This phenomenon, known as the Wolff- 
Chaikoff effect, is well described [9, lo]. The 
response to iodine or iodide in hyperthyroidism is 
rapid and the maximal effect is achieved within lO- 
15 days of continuous therapy. The output of hor- 
mones is diminished, the gland becomes smaller and 
firmer and vascularity is reduced. The acute inhibi- 
tory effect of excess iodide is a reduction in iodo- 
tyrosine and iodothyronine formation. After a vari- 
able period the beneficial effect wears off or the 
condition may become more severe than it was orig- 
inally. For this reason, the use of iodine and iodide in 
hyperthyroidism is restricted to preoperative thyroid 
inhibition prior to thyroidectomy. 

Lithium is a small, highly charged cation. It has 
been used in the treatment of manic depressive psy- 
chosis, where a goitrogenic side effect was observed. 
It has been employed in the treatment of hyper- 
thyroidism [ll] but nowadays is rarely used. Due to 
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its polarising nature, it is believed lithium affects ion 
exchange [ll]. 

We now report on the relative biopotency of these 
six drugs as inhibitors of iodide uptake and organ- 
ification by porcine thyroid cells. 

MATERIALS AND METHODS 

The preparation of primary cultures of porcine 
thyrocytes has been described in detail elsewhere 
[:I. Briefly, porcine thyroid glands were obtained 
from the local abattoir and transported to the labora- 
tory on ice within 1 hr of slaughter. They were chop- 
ped into 1 mm3 pieces under sterile conditions and 
the tissue pieces were washed twice in Hanks bal- 
anced salt solution (Flow Labs, Irvine, Strathclyde) 
containing penicillin (200,000 units/l), streptomycin 
(0.2g/l) and amphotericin B (2.5 mg/l) (medium 
1). The tissue was dispersed at 37” in medium 1 
containing 0.25% (w/v) Dispase II (Boehringer 
Mannheim, Lewes, E. Sussex) and 0.05% (w/v) col- 
lagenase (grade II, Flow Labs) for 1.25 hr. The cells 
were filtered and washed three times in Eagle’s mini- 
mal essential medium (Flow Labs) containing Hepes 
(20 mmol/l), L-glutamine (2 mmol/l , NaHCOa 
(10 mmol/l), ) Gentamycin (50 mg l), cortisol 
(30 pmol/l) and 5% (v/v) heat-inactivated fetal calf 
serum (medium 2). Finally they were filtered through 
a 120,nm2 stainless-steel mesh. Viable cell yields, 
assessed by trypan blue exclusion, were 
>6 X lo6 cells/g fresh tissue and viability was always 
better than 85%. The cell suspension was diluted to 
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2 x lo6 cells/ml in medium 2 and 500 @/well were 
added to 24 well culture plates previously treated 
with 2 mg/ml poly-L-lysine hydrobromide. The cells 
were then kept in an incubator at 37” under humidi- 
fied 5% C02:95% air overnight (20 hr). 

The effect of 6 drugs, methimazole (MMI), 2- 
thiouracil (2-TU), 3 amino 1,2,4 triazole (3-ATA), 
lithium chloride (LiCl), potassium perchlorate 
(KC104) and sodium iodide (NaI) on iodide metab- 
olism by the cells was examined. After overnight 
culture the medium was replaced with HBlOl 
(HANA Media Inc., Berkeley, CA) supplemented 
with 20 mmol/l Hepes, 1 mmol/l sodium pyruvate, 
2 mmol/l L-glutamine, 10 mmol/l sodium bicarbon- 
ate, 30 pmol/l hydrocortisone hemisuccinate and 
50 mg/l gentamycin sulphate and containing increas- 
ing concentrations of the anti-thyroid drugs (lo-* to 
10m2 mol/l) and 10 mitt/l bovine TSH. Control wells 
were also set up with no added drug in the presence 
and absence of TSH (10 mitt/l). This concentration 
of TSH (10 miU/l) was chosen since both the uptake 
and organification of iodide by porcine cells is maxi- 
mally stimulated by this dose [5] (Fig. 1). Incubation 
at 37” was then continued for 2.5 days. 

After this period, radioactive iodide (Na*25 I, 
0.2 @/well in 3.6 pmol NaI/l) was administered to 
the cells and the incubation continued for 6 hr [12]. 
The unlabelled iodide (3.6pmol 
order to act as a carrier for the l2 / 

1) was included in 
labelled iodide and 

to ensure uniform influx of the radioisotope over the 
6 hr incubation period. The medium was removed 
and the cells washed briefly with ice-cold Hank’s 
balanced salt solution. One ml lOOmmol/l NaOH 

!IJ ’ * 5 I Uptake h 
n=6 

Mean SD 

0.5 1 5 10 
b TSH mU/I 
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Fig. 1. Percent maximum response of porcine thyroid cells to increasing concentrations of bovine TSH 
(miU/l). Iodine uptake is represented by the open columns and organification by the hatched columns. 

Results are presented as mean * SD (N = 6). 
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was then added to each well. The cells were solu- 
bilized overnight and the total lz5iodide in the cell Source of chemicals 
fraction was assessed using a gamma counter (total 
iodide uptake). The protein bound (organified) 

bTSH (53/U) was obtained from the National 

‘?odide was precipitated using a final concentration 
Institute for Biological Standards and Control, Holly 

of 40% (w/v) trichloroacetic acid and measured 
Hill, London. 

Methimazole and 3-amino-l. 2. Ctriazole were 
similarly. 

100, 

% maximal 
stimulation 

80 
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purchased from Sigma Chemical&. , Poole, Dorset. 
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Fig, 2. Effect of increasing ~ncentrations of 2-thiouracii (a) and pota~ium perchlorate (b) on TSH 
(IO miU/B-stimulated iodide uptake (x) and organification (0). The amount of iodide taken up or 
organified by porcine thyroid cells in response to lOmiU/l in the absence of drugs was taken as the 

maximal (100%) response. Results are presented as the mean +: SD (N = 4). 
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Table 1. Concentration of the drugs which led to a 50% 
inhibition (EDA of TSH (10 miU/I)-stimulated iodide _.., , , 

uptake and organification 

EDa (~mOl/I~ Ratio 
Drug Uptake organification uptake/organification 

NaI 0.26 0.23 1.1 
LiCl 1500 1300 1.2 
KClOz, 3.5 150 0.02 
2-TU 9.7 0.18 54 
MM1 :: 0.13 115 
3 ATA 1.2 22 

The ratio of uptake: organification was calculated as 
the ratio of the EDGE values for uptake and organification 
respectively. 

Lithium chloride and sodium iodide were obtained 
from B.D.H., Poole, Dorset and potassium per- 
chlorate and Z-thiouracil were purchased from 
Aldrich Chemical Co., Poole, Dorset. 

RESULTS 

The ~io~o~ency of anon-thyroid drugs 

The effect of increasing concentrations of two of 
the drugs tested, 2-TW and KC104, on TSH (10 miU/ 
1), stimulated iodide uptake and organification are 
shown in Fig. 2a,b. The concentration of drug which 
led to a 50% inhibition (ED& of iodide uptake and 
organification is shown in Table 1. All the drugs 
exhibited a dose related inhibition of iodide metab- 
olism. 2-TU preferentially affected the organification 
of iodide which is illustrated by its uptake: organ- 
ification (U:O) ratio of 54, whereas KC104 pre- 
ferentially inhibited iodide uptake as demonstrated 
by its U:O ratio of 0.02 (Table 1). Methiomazole 
and 3-ATA also preferentially affected the organ- 
i&cation of iodide. The most potent effect on iodide 
organification was seen with methimazole (25% inhi- 
bition at 10-8mol/l). Two of the drugs tested, NaI 
and LiCl, were equipotent as inhibitors of uptake 
and organification. NaI was the most potent iodide 
uptake inhibitor tested (20% inhibition at 1O-8 mol/ 
1) and also highly potent as an inhibitor of organ- 
ification. LiCl was the least potent inhibitor of both 
iodide uptake and organification. 

DISCUSSION 

An in uiuo system based on cultured porcine thy- 
roid cells and suitable for the estimation of the biopo- 
tency of anti-thyroid compounds is described. The 
assay system is reproducible and technically uncom- 
plicated. This method also gives some indication as 
to the possible mode of action of the inhibitory 
substances since two steps in thyroid hormone syn- 
thesis, uptake and organification of iodide, may be 
distinguished. 

The anti-thyroid activity of several known goitro- 
gens were examined in this study and all showed an 
inhibition of iodide metabolism, both at the level of 
uptake and organification. LiCl was weakly potent 
as an inhibitor of both iodide uptake and organ- 

iflcation. It is possible that lithium acts as a non- 
specific cytotoxic agent. Of all the drugs studied, 
only LiCl substantially altered the morphological 
appearance of the cultured thyrocytes. TSH 
(10 miU/l) stimulated porcine thyroid cells exhibit a 
high degree of follicular organization ]5]. However, 
in TSH stimulated cultures in the presence of LiCl 
at concentrations above 10m4 mol/l no follicular-like 
aggregates were apparent. The highly potent effect 
of iodide observed in this study would be expected 
on the basis that iodide, as the natural metabolite of 
the thyroid gland, must exert sensitive control on 
thyroid hormone synthesis in uivo. Iodide is trans- 
ported into the cell via membrane proteins which are 
induced by TSH [13]. In vitro the uptake of the ion 
has been shown to require a long lag phase of up to 
24 hr (and presumably relating to protein induction) 
after the stimulator has been added to the cells 
[13,14]. Hence, in order to observe the inhibitory 
effects of iodide on the uptake of acutely added 
iodide (over 6 hr), long periods of incubation (2.5 
days in this study) with stimulator and inhibitor are 
required. The recognised modes of action of KC104 
at the level of iodide transport across the piasma 
membrane [15] and the thiuoureyIene drugs, 2-TU 
and MMI, as inhibitors of thyroid peroxidase f7,8], 
a key enzyme involved in iodide organification. are 
consistent with the results reported here. However, 
this study also demonstrates that the action of these 
drugs is not entirely specific in that at higher doses 
KC104 also inhibits organification of iodide and 2- 
TU and MM1 inhibit iodide uptake. 

We conclude that this simple porcine thyrocyte 
system has considerable potential for the assessment 
of the biological potency of anti-thyroid compounds 
having different structures and modes of action. 
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