








Substances That Interfere
with T4 and T3 Absorption

Table 2 lists the substances known
to interfere with absorption ofT4,
when they are present in the bowel
lumen. Undoubtedly, many other
substances should be added to this
list. Interfering substances are
unlikely to be detected unless they
are consistently present in the
bowel lumen because ofthe normal
variability in absorption ofT4and
because of its prolonged biologic
half-life. Most ofthese substances
probably interfere with T4absorption
by binding the T4into complexes
that are poorly absorbed or not ab­
sorbed at all, complexes that either
are slow to reverse or are irrevers­
ible. The result of such complexing
is an increase in fecal excretion of
T4' presumably still bound to the
offending substance.

Of particular note is the marked
interference ofT4absorption caused
by cholestyramine treatment.25 This
can lead to T4refractoriness in hypo­
thyroid patients also being treated
for hypercholesterolemia. T4absorp­
tion was reduced markedly when it
was given simultaneously with cho­
lestyramine, and absorption was still
only 70% of control values when T4
was given 5 hours after cholestyram­
ine. In hamsters,34 cholestyramine
can deplete endogenous T4sufficient­
ly so as to stimulate TSH production.
It seems likely that other bile se­
questration agents also will interfere
with T4absorption.

In large quantities, T4can inter­
fere with its own absorption, so the
process is somewhat saturable.
Wenzel and Kirschsieper showed, in
normal subjects, that T4absorption
averaged 40% less with a 3 mg dose
ofT4than with a 100 Ilg dose. 12 On
the other hand, Greenstadt et al
found no such interference when the

continues through the colon. In fact,
in the rat, colonic absorption from
the bacteria-free colon exceeds that
from the small bowel.
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but this decrease does not always
correspond to the xylose absorption
test results (personal observations).
This discrepancy could be due to
different sites of preferential absorp­
tion for T4and for xylose. The degree
ofT4malabsorption appears to relate
to the degree of impairment ofintes­
tinal mucosa. In addition, increased
secretion of protein into the gut
lumen may retard T4absorption. 11

Inspection of Figure 2 confirms
that T4absorption in disease states
is variable and difficult to predict in
an individual patient. Even in un­
treated sprue and regional enteritis,
conditions in which T4absorption
typically is quite poor, some patients
absorb the hormone normally. Of
interest is the rather high T4absorp­
tion in a patient with diarrhea due to
neomycin enteritis. This observa­
tion is consistent with rat bowel loop
studies showing that, in the absence
of normal colonic flora, T4absorption
from the colon is enhanced. 11 Pre­
sumably, T4binding to bacteria in
the colon prevents colonic absorption
in the normal state. When these
bacteria are not present, absorption
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euthyroidism has been achieved,
there appears to be no difference
between T4absorption in previously
hypothyroid patients and in persons
with normal thyroids.

Only one published report, which
presented data on six patients, has
addressed the effect of hyperthyroid­
ism on T4absorption. 18 In that
study, absorption was significantly
increased in the hyperthyroid
patients as compared with controls.
We have observed, in unpublished
clinical studies, that T4absorption in
hyperthyroidism may vary widely.
In one instance, it was markedly
reduced in a patient with diarrhea
associated with severe hyperthyroid­
ism. Neither hypothyroidism nor
hyperthyroidism seems to affect T3
absorption. 18

Figure 2. Studies ofT, absorption in human subjects. Percent absorbed is inferred from the isotopic ratio
in a plasma sample collected 24 hours after IV administration ofmI-T, and oral administration of l25I_T,
stabilized with 0.01 gram human serum albumin. The dotted horizontal line represents the mean value for
the hospitalized control patients studied in tandem with the patients with gastrointestinal disease.

T4absorption may be decreased in a
variety ofclinical conditions4(Figure
2). It is generally low, sometimes
very low, in small intestinal disease,
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Location of
T4 and T3 Absorption

The available information about
where in the gut thyroid hormone
absorption occurs is fragmented.
Figure 3 presents a working hy­
pothesis, based on studies in cats
currently in progress in the author's
laboratory. These studies suggest
that T

4
is not absorbed at all from

the stomach, and is little, if at all,
absorbed from the duodenum. The

Secretion of
T4 and T3 into the Gut

have undergone Billroth 2 gastrec­
tomy, an operation that bypasses the
duodenum, have increased overall
absorption ofT4 (Figure 2). This
observation strongly suggests that
factors removing T4 from the active
absorption pathway (see below) out­
weigh whatever absorption may
occur at the duodenal level. It is
compatible with our belief that there
is little or no T4 absorption by the
duodenum. Instead, an irreversible
process such as deiodination or
binding by intraduodenal contents
removes some T4 from access to the
active absorptive sites in the
jejunum and ileum.

On the other hand, a number of
human studies confirm the impor­
tance of an intact jejunum and ileum
in T4 absorption. Patients with
coexisting hypothyroidism and
jejunal-ileal bypass surgery require
approximately three times their
previous replacement level ofT4 in
order to maintain euthyroidism.35-37

A group of patients who had under­
gone ileectomy, with removal of
varying amounts ofjejunum as well,
all had reduced T4 absorption.38

However, efficiency of absorption did
not relate in a clear way to the
amount ofjejunum remaining. One
ofthese patients, who had only the
duodenum, 5 cm ofjejunum and the
left colon remaining, did not absorb
T4 at all. These clinical studies are
compatible with the absorption
pattern presented schematically in
Figure 3.

So far as the degree ofT4 or T3

absorption from the human colon
is concerned, I am aware of no
clinical or experimental evidence
that such absorption is important
physiologically. There are no clini­
cal reports ofT4 malabsorption in
colectomized patients.
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most active site of absorption
appears to be in the proximal and
mid-jejunum, with relatively less
absorption from the distal small in­
testine, and even less from the'proxi­
malcolon. There seems to be no ab­
sorption ofT4 from the distal colon in
the intact animal. Absorption ofT3,

on the other hand, appears to be
quite uniform throughout the small
intestine, though it also is markedly
reduced in the large intestine.

These patterns ofT4 and T3
absorption were derived from
mathematical model analysis of data
acquired after instilling labeled T4 or
T3 into the gut at various levels and
monitoring time-activity curves of
plasma and fecal radioactive T4 or
T

3
• The hypothesis in Figure 3 is

somewhat at variance with earlier
published data obtained by studies of
T4 absorption from intestinal loops in
the rat. n In those studies, intrinsic
absorption in the colon was shown to
be greater than that in the ileum.
However, when normal intestinal
contents were present in the bowel
loops, absorption from the colon was
reduced.

The scant data available about
I the pattern ofT4 absorption from the
I human intestine suggest that it also
follows a pattern similar to that
presented in Figure 3. Patients who
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T4 dose given was 1 mg or less.21

Intraluminal T
3

antibodies were
reported to interfere with T3 absorp­
tion in a single case.24 Otherwise, I
am aware of no reports of specific
substances that interfere with T3 ab­
sorption. Intraluminal albumin does
not inhibit T3 absorption, although it
does inhibit that ofT423 While we
have observed an occasional clinical
instance ofT3 malabsorption, the
required systematic studies of the
effects of disease, drugs and other
intraluminal substances on T3 ab­
sorption still need to be done.

When a T4 dose is given in the
nonfasting state, absorption is
mildly but significantly reduced. 12

Whether feeding has a similar effect
on T3 absorption is not known.

Figure 3. The hepatoenteric loop for T
4

, Current
concept of transfer out of the gut,

Figure 4. The hepatoenteric loop for T
4

, Current
concept of transfer into the gut.

T4 and T3 both are known to be
concentrated by the liver from the
circulation and to be secreted in the
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bile. In addition, there is strong evi­
dence for direct transport of both
hormones from the blood into the in­
testinallumen, presumably through
secretion from the mesenteric capil­
lary wall. These pathways are
shown schematically in Figure 4.

Biliary secretion. A large frac­
tion of the thyroid hormones enter­
ing the bile appears in the gut in
conjugated form: The glucuronide
conjugate dominates for T439 and
the sulfate for T3.40 It has long been
believed that these conjugates are
absorbed poorly, if at all, and that
absorption occurs only after deconju­
gation. 10,4l-43 We are currently re­
examining this question using puri­
fied synthetic preparations ofthe T4
and T3glucuronide conjugates. Our
early studies have shown that there
is indeed absorption of these com­
pounds into the portal and central
circulation after they are instilled
into the jejunum. They appear as
the glucuronides, but they are
probably less efficiently absorbed
than are the parent compounds.

Both the sulfates and the glucu­
ronides are deconjugated before they
appear in the feces. Any conjugates
that arrive at the cecum without al­
ready having been deconjugated are
deconjugated by cecal bacterial en­
zymes. DiStefano has shown that
conjugates are present throughout
the small intestine in the rat.44 The
degree to which deconjugation may
occur along the small intestine has
not been well established.

Since the conjugates are proba­
bly less available than their parent
compounds for absorption in the
small intestine, where T4and T3
absorption is greatest, alterations
in the biliary secretion of thyroid
hormone conjugates may affect
overall thyroid hormone economy.
When circulating T4(but not T) in­
creases, the relative biliary secretion
ofT4glucuronide also increases.45-48
Propylthiouracil45,49 and a variety of
other drugs and toxins50-55 also in­
crease formation ofT4glucuronide,
presumably by increasing UDPG
transferase, the enzyme needed to

make the glucuronide conjugate.
BSp56 and penicillin57 both inhibit
glucuronide formation, and the
Gunn rat, which has a congenital
absence of the UDPG transferase,
produces almost no T4glucuronide.
It has reduced T4fecal excretion.58.59

Total biliary T4secretion can be
increased without change in the
fraction secreted as the glucuronide.
Phenobarbita15l and other inducers
of endoplasmic reticulum, as well as
cold exposure,60,6l have this effect.

Secretion from the mesen­
teric circulation. There is clear
evidence that there is more transfer
ofT4and T3into the gut lumen than
can be explained by biliary secretion
alone,62,63 and it is believed that this
is due to secretion from the mesen­
teric circulation. Estimates ofthe
importance of this "direct" secretion
vary, from the opinion that this
route is "unimportant"2 to the esti­
mation that, in the rat, it accounts
for 71% (T) or 88% (Ts) ofthe total
secretion into the gut lumen.8 Our
preliminary observations in the cat
suggest that direct secretion is ap­
proximately equal to biliary secre­
tion in that species.

In order to estimate direct T4se­
cretion into the human gut (S), it is
necessary to know simultaneously
the rate ofbiliary T4secretion (B),
the total rate ofT4reabsorption from
the gut (R) and the net rate offecal
excretion (F). Secretion is then cal­
culated as: S = F + R - B. None of
the studies reported to date include
all of these components.

In the 1950s, Myant studied the
relative importance of biliary secre­
tion in human subjects with diverted
biliary streams subsequent to chole­
cystectomy.64,65 In two ofthese pa­
tients, he measured the "clearance"
into the bile of131I-labeled thyroxine,
while bile was being diverted, and
then later measured the "clearance"
into the feces after the T-tube had
been closed. Unfortunately, he did
not measure fecal excretion simulta­
neously with biliary secretion ofla­
beled T4during the first part of his
study, so that any inferences about

direct secretion into the bowel from
the mesenteric circulation must be
indirect. Myant then proceeded, in
five other patients, to study absorp­
tion of radioactive gall bladder bile
from donor patients who had previ­
ously received lSlI-Iabeled T4. The
radioactive bile was introduced into
the upper intestines of patients with
biliary diversion. In these patients,
70±3% ofthe activity introduced
eventually appeared in the feces,
from which one might infer that 30%
ofT4products in secreted bile is
reabsorbed.

Combining these two studies, it is
possible to arrive at a rough estimate
ofthe direct secretion ofT4across
the human bowel wall. It was 47%
and 16%, respectively, oftotal esti­
mated secretion ofT4into the gut in
the two patients whose biliary and
fecal "clearances" were measured
(author's estimates based on Myant's
data). The time is ripe for followup
ofthese provocative studies.

Hormone metabolism within
the gut lumen. Whether T4and T3
undergo any changes other than de­
conjugation within the gut is un­
known. There is some evidence that
these hormones are deiodinated
within the gut. DiStefano has sug­
gested that deiodination may occur
in the rat gastrointestinal tract, and
a recent study from his laboratory
showed deiodination oflabeled T4by
intestinal bacteria studied in vitro.66

Studies in progress in the author's
laboratory suggest direct loss ofT4
and Ts radioactivity (presumably due
to deiodination) in the duodenum,
ileum and right colon of the cat.
Whether this process involves T4to
Ts conversion is not known.

Are endogenously secreted T4

and T3 absorbed in exactly the
same way as exogenous
hormones? There is essentially no
experimental evidence available on
this point. Studies of absorption of
biliary label after T4administration,
when placed in the duodenum of a
recipient rat, suggest that the T4
fraction of the compound is absorbed
like exogenous T4. 67 Nothing is
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known about the behavior ofT4 or
T3 after direct secretion across the
bowel wall, and the possibility must
be borne in mind that the transit
across the mucosa of this secreted
hormone could be affected by the
molecular environment ofthe
secreted hormone.

How important is the hepato­
enteric cycle? In hamsters and
rats, fecal T

4
10ss can be great

enough to stimulate TSH and to lead
to thyroid hyperplasia.34, 68 The frac­
tion of total T4 and T

3
disposal that

occurs by the fecal route varies
widely among species, as do the bil­
iary secretion rate and absorption
rate from the gut.

Studies offecal radioactivity in
human subjects given radioactive T4
intravenously provided estimates of
from 9% to 24% fecal excretion. 1 Di­
rect analysis ofthe feces has shown
daily excretion of 10 to 30 Ilg iodine,
or about 20% to 30% of total T4 se­
cretion.69 However, not all human
fecal iodine is in hormonal form (per­
sonal observations). It is reasonable
to estimate that somewhere in the
vicinity of20% ofT

4
disposal occurs

via the fecal route in the human.
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