Effect of thyroid hormone on porphyrin biosynthesis
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Fig. 4. ALA-synthetase activity in cells maintained in

serum-free Waymouth MD 705/1 medium in the presence

(@—@) and absence (A——A) of 100ng T,/ml, 16 hr

after the addition of various doses of AIA. The results

are expressed as the mean of from 8 to 13 determina-
tions + S. E. M.

doses of AIA in chick embryo liver cells maintained
in Waymouth MD 705/1 in the presence and absence
of T, (1000 ng/ml) is shown in Fig. 3. Enhancement
of AIA-induced porphyrin biosynthesis by T, is con-
siderably greater at low dose levels of AIA than at
higher doses. Thus, at a dose of 10 ug AIA/ml there
is an enhancement of approximately 6-fold as com-
pared to a 2-fold enhancement at a dose of 300 ug/ml.
Moreover, AIA (10 ug/ml) when present in a medium
containing T, produces an accumulation of por-
phyrins similar to the accumulation of porphyrins
produced by AIA (300 ug/mi) in a medium lacking
T4 When the AIA dose-response curve (Fig. 3) was
compared with the AIA dose-response curve pre-
viously obtained [6] using Eagle’s Basal Medium sup-
plemented with 109, donor calf serum, it was found
that, at a dose of 10 ug/ml of AIA, porphyrin accumu-
lation was three to four times greater in the T,-sup-
plemented Waymouth medium (Fig. 3) than in serum-
containing medium. On the other hand, the levels of
porphyrins accumulating in response to higher doses
of AIA (300 ug/ml) in the T,-supplemented Way-
mouth medium (Fig. 3) were approximately two-
thirds those observed in the serum-containing
medium.

Goodridge [4] added 19 serum albumin to Way-
mouth medium in order to protect T, and T, from
degradation. It, therefore, appeared possible that the
addition of serum albumin might enhance the effec-
tiveness of Ty and T, in our system. When 0.2%
bovine serum albumin was added to the medium, the
levels of porphyrins which accumulated at doses of
100 and 300 ug/ml of AIA were greater than the levels
observed previously in serum-containing media. In-

2611

creasing the quantity of bovine serum albumin above
0.2%; resulted in less cells attaching to the Petri dishes.

The induction of ALA-synthetase by various doses
of AIA in chick embryo liver cells maintained in Way-
mouth MD 705/1 in the presence and absence of T,
(100 ng/m}) is shown in Fig. 4. The presence of T,
in the medium enhanced AIA-induced ALA-synthe-
tase activity, although less than was anticipated from
the marked enhancement of AIA-induced porphyrin
biosynthesis by T, (Fig. 3). It is possible that thyroid
hormone influences the heme pathway through in-
creased ALA-synthetase activity and by other means.
For example, since the oxygen consumption of tissues
such as liver is stimulated by thyroid hormone [9],
it is possible that the environment of the liver cell
under the influence of thyroid hormone might facili-
tate the irreversible oxidation of porphyrinogens to
porphyrins. Insulin has been shown [6] to enhance
AlA-induced porphyrin biosynthesis in serum-free
Waymouth medium. It was of interest to determine
whether insulin was required for optimal activity in
a T,-supplemented Waymouth medium. The results
in Table 1 show that insulin is required for optimal
activity. In summary, our present and previous results
[6] show that, when Waymouth medium 705/1 is sup-
plemented with insulin and thyroid hormone (T, or
T,), the AlA-induced porphyrin accumulation is
greater at low doses (10 ug/ml) and approximately
two-thirds at higher doses (300 ug/ml) of that pre-
viously observed in serum-containing media.

In recent years, specific nuclear binding sites have
been recognized for T5 and T, which might be impor-
tant for the initiation of hormonal action. The nuclear
binding sites are nonhistone nucleoproteins and it is
suggested that the interaction of T, with its receptors
results in an augmented transcription of DNA fol-
lowed by an increase in protein synthesis [10-12].
Porphyrin-inducing drugs such as AIA are believed
to act by increasing the levels of a specific RNA for
ALA-synthetase [7,13]. Thus, thyroid hormone, by
augmenting transcription of DNA and increasing pro-
tein synthesis, may enhance the ability of AIA to in-
crease ALA-synthetase levels.

It has been reported that, in abnormal thyroid
states, the human metabolism of some drugs is altered
[14]. Gillette [15] and Kato and Gillette [16]
reported that, after administration of thyroxine to
male rats, the rate of aniline hydroxylation by their
liver microsomes increased and the rate of aminopyr-
ine N-demethylation decreased. It is possible that, in
the presence of thyroid hormone, the rate of metabo-
lism of AIA by chick embryo liver cells is decreased
and the concentration of the active drug is thus in-
creased.

Table 1. Biosynthesis of porphyrins by cells maintained in serum-free Waymouth
medjum containing 100 ng T,/ml in the presence and absence of 1 ng insulin/ml, 24 hr
after the addition of 300 ug AIA/ml*

Medium

Porphyrin
(ng/mg protein)

Waymouth medium + T, + insulin
Waymouth medium + T, — insulin

5321 + 20.1 (14)
1563 + 64 (13)

* Results are expressed as the average of the number of determinations shown in

parentheses + S. E. M.
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The effect of thyroid hormone on ALA-synthetase
activity is not confined to chicken liver cells nor to
cell culture systems. Matsuoka et al. [17] showed that
the AlA-induced increase of ALA-synthetase was
stimulated when rats were given T,; T; adminis-
tration had no effect by itself. A question that arises
from the following study is: Could the level of T,
or T, in liver cells of patients with porphyria
contribute, at least in part, to their sensitivity to a
series of drugs [18]? The thyroid status of patients
with acute intermittent porphyria has been investi-
gated [19, 20] and it has been shown that the protein-
bound iodine, total thyroxine iodine and thyroxine-
binding globulin are increased in many of these
patients. The increase was most pronounced and
occurred most often in females. The free thyroxine
in the circulation was normal and the patients were
in a euthyroid state. Since disordered hypothalamic
function is frequently observed in patients with acute
intermittent porphyria, the possibility has been con-
sidered that disordered thyrotropic activity might
occur [18, 19]. The results in Fig. 3 show that a small
dose of AIA, which would not cause porphyrin ac-
cumulation in T,-free Waymouth medium, would
cause marked porphyrin accumulation in T,-contain-
ing Waymouth medium. Thus, if the increased thyrox-
ine binding to thyroxine-binding globulin in acute
intermittent porphyria is accompanied by an increase
in thyroxine (or T3) binding to hepatic cell thyroxine-
specific binding sites, then it is possible to envisage
a mechanism to explain increased hepatic sensitivity
to drugs. The possibility is also raised that treatment
of acute intermittent porphyria patients with anti-
thyroid drugs may cause a lowered hepatic sensitivity
to porphyrin-inducing stimuli (exogenous or endo-
genous) and thus exert a beneficial effect.
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