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The thyroid hormones are important in the maintenance of homeostasis
and considerad by some to exhibit & permissive .action towards other
endocrine gland functioning (2, 10, 11). The thyroid gland is composed
of .groupings of cuboidal epithelium tissue referred to as follicular
cells. These follicular cells surround proteinacious masses known as
colloid. The functional units of the thyroid gland are the follicular
cells which produce the thyroglobulin that is secreted by exocytosis to
the interior of the follicle, It is this stored thyroglobulin that is
referred to as coj]oid. Concomitant with the synthesis of thyroglobulin
is the organification of iodide and its binding to the tyrosyl moieties
within the thyroglobulin molecules. The released iodinated tyrosyl
fractions ara picked up by endocytosis and carried by lysosomes to the
exterior of the follicular cells and released. Once coupled and
releasad these fractions, either triiodothyronine (T3) or
tetrajodothyronine (T,), are considered the true thyroid hormones which
are released directly into. the capillary network surrounding -the
follicular cells (2).

Thyroid hormones directly influence a wide array of metabolic
activities (12). These hormones are responsible in a variable degree
for thermogenic regulation, protein synthesis, 1ipid metabolism,
carbohydrate metabolism and other endocrine gland functioning. In
relation to their thermogenic action the thyroid hormones are able to
increase oxygen consumption in mitochondria (13) and increase ATP
formation as evidenced by increased Km values in ATPase enzymes (14).
ATP utilization is idncreased in tissues under the influence of thyroid

hormones, this 1is apparently by increasing -the number of sodium pumps



(13). T3, the metabolically active form of the thyroid hormones, is
able to directly stimulate protein synthesis (16). T,, the primary
product of the thyroid gland, and T; also indirectly influence protein
synthesis by causing the phosphorylation of ribosomal subunits (17).
Lipid metabolism is influenced by thyroid hormones (18) which directly
increase conversion of cholesterol to bile acids (19). This action is
thought to arise from an increase in the number of membrane low-density
lipoprotein (LDL) receptors (20). The circulation or excretion of other
lipids besides cholesterol are also decreased following exposure to
. Ty or T3 (21). There is a growing body of data suggesting a 1link
between thyroid hormones and carbohydrate uptake and metabolism. The
research concerning the relationship between carbohydrate metabolism has
yielded many conflicting reports. Thyroid hormones have the ability to
increase the absorption of hexose sugars in the gut (22). Once these
sugars are inside the circulatory system, elevated thyroid hormones
appear to increasa their tissue uptake. How the thyroid hormones affect
sugar uptake by tissues 1is measured by glucose tolerance tests,
Evidence of the thyroid gland's influence on gqlucose tolerance is
controversial. Investigators have noted normal (23), increased (24), or
decreased (25) glucose tolerance in hyperthyroid patients and animals.
In considering carbonhydrate metabolism it is important to look at the
role of insulin under these changing thyroid states. One of the primary
functions of insulin is to stimulate glucose uptake by cells (2).
Tnyroid hormones affect insulin by increasing its rate of degradation in
rats {26) and man (27). How thyroid hormones affect .insulin receptor

sites is another area obtaining conflicting reports. Under hyperthyroid



states insulin receptor sensitivity has been shown to increase (28),
decrease (29) or remain normal (30). The reasons for the differences in
results have not been explained and more research is needed to outline
the exact role of thyroid hormones on insulin functioning. Hyperthyroid
conditions also affect the insulin producing cells known as the
pancreatic beta cells. Researchers examining chronic hyperthyroidal
conditions have observed permanent beta cell damage (31, 32, 33). Other
endocrine hormones that are influenced by the thyroid are somatotropin
and prolactin, Both these hormones are increased in response to thyroid
treatment (34, 35).

The observation that thyroid hormones influence a wide array of
activities including other hormones is the impetus behind examining the
thyroid state in djabetes. Investigators have noted a correlation
between hypothyroidism and diabetes. The prevalence of these two
conditions occurring together is approximately 1.7% (36) and is in -many
instances  associated with the presence of thyroid receptor
autoantibodies ({37). In  humans with diabetes a serum T3 and
T, imbalance is apparent (38). The features of this imbalance are
contingent upon the mechanisms involved in causing the anomaly and the
state of progression of the disease. - In most cases of diabetes in man
serum T3 and T, are decreased (39). As yet the causative mechanisms
for the changes in serum T3 and T, are unknown. One reason behind our
lack of knowledge of this pathological condition 1is that the exact
mechanisms(s) controlling serum T3 and T, in normal systems is also
unclear (40). The predominant form of thyroid synthesis in individuals

with. normal iodine concentrations is through the combining of two



diiodothyronine (DIT) subunits to form T, in greater proportion than
T3 = (41). Under certain physiological conditions the relative
concentrations of T, and T3 shift. Under conditions of iodine
deficiency, serum T3 concentration increases, This increase is due to
changes in the synthesié inside the thyroid gland where more of the
subunits of (DIT) are combined with monoiodothyronine (MIT) to form Tj.
The T, to T3 shift is especially prevalent in endemic goiter patients
(42). Changes in deiodinase activity in peripheral tissues are also
apparent under certain pathological conditions. The two organs
primarily responsible -for this conversion are the liver and kidneys (2).
.In the hyperthyroid state, liver deiodinase activity increases with no
change in the kidney dejodinase enzyme kinetics (43). The enzyme 5'
monodeiodinase is responsible for converting T, to Ts. Under
hypothyroid conditions the liver deiodinase activity decreases (44).

The purpose of this study is to examine T, to T3 conversion in
diabetic and normal individuals. Because of the inherent difficulties
in human experimentation animal models have been' developed. A model of
human diabetes is available in the diabetic mouse C57BL/Ksd db/db., This
strain of mice is qﬁite similar to human Type II diabetes in having
abnormally high deposition of fat tissue at 3 to 4 weeks of age that is
shortly thereafter accompanied by hyperglycemia, polyuria, and
glucosuria (45). The gene responsible for diabetes in this mouse is
- recessive and the expression of its diabetic character is inherited with
complete penetrance in the homozygous state, Heterozygotes remain
. morphologically and physiolagically indistinguishable from normal mice,

The weight gains for diabetic (db/db) mice are not as great as that of



obese (ob/ob) mice but they reach a maximum weight of approximately 62
grams (45, 46). At approximately 24 weeks of age, weight tends to
decrease as serum glucose homeostasis deteriorates. This is evident by
the sharp rise in serum insulin level. The chronically elevated serum
gTucose in these mice eventually brings about a shift from Type 11
diabetes to Type 1 {47) which reflects exhaustion of the pancreatic beta
cells.

Concomitant with the manifestations of diabetes in these mice, a
thyroidal imbalance has also been observed (48). Diabetic individuals
display low serum T, (48) and elevated serum T3 concentrations in the
nonfasting state. This high serum concentration of T3 in the diabetic
is quite paradoxical bhecause the diabetic mouse does not appear to
respond to these elevated T3 concentrations by increasing metabolic
rate as normal individuals do. The thyroid glands of diabetic mice are
also abnormal histologically. The thyroid glands of diabetic mice have
quite large colloids that are densely stained by hematoxylin/eosin. The
follicular cells 1in these animals are squamous when compared to the
cuboidal shape of follicular cells in thyroid tissue %rom normal mice
(48). The cuboidal shape indicates active synthesis of tinyroid hormones
whereas squamous follicular cells are considered inactive (2).

This study is to examine what effect blocking T, to T3 conversion
has on the thyroid histology and serum concentrations of T, and Ty in
diabetic and normal mice. The testing will be performed with diabetic
and non-diabetic mice after a four-day exposure of propylthiouracil
(PTU). PTU is an agent which blucks the enzyme 5' monodeiodinase in the

liver and kidneys but not in the pituitary gland (49). ° The function of



Ty~to-T3 conversion in the pituitary is thought to be a controlling
mechanism for thyroid stimulating hormone {TSH) output (50).  The
purpose of blocking T, conversion is to determine if diabetic animals
are equally responsive to PTU treatments as normal animals are in
modulating serum T, and T3 concentration. Differences between diabetic
and npormal wmice in serum T, and T3, if they occur, could lead to clues
as to why the thyroid glands of diabetic mice are in a state of
imbalance. There are a variety of possible reasons for the serum
concentrations of T, and T3 to be abnormal in diabetic mice. One
possibility is that the 5' monodeiodinase activity is greater in these
mice. This response may be a function of an allosteric mechanism of
Ty, whereby Tlower concentrations of T, enhance 5' monodeiodinase
activity. Another possibility 1is that the enzyme is synthesized in
higher concentrations in diabetic individuals, If either explanation is
correct then PTU treatment could potentially normalize the conversion
rate while maintaining TSH output to increase serum T,, It is also
possible that the dysfunction in thyroid balance in diabetic mice is
occurring at the Tlevel of T, and T3 output from the thyroid gland
itself, There is evidence of a shoot loop negative feedback of T, on
thyroid harmone output (51) though this action is controversial (52).
If the serum T, negative feedback sensitivity is increased in the
diabetic mouse then the thyroid output of this hormone might be lowered.
This hypothesis as yet does naothing to explain why serum concentrations
of T3 are elevated in diabetic mice, Increases in serum Ty
concentrations in diabetic animals might be high due to a compensatory

measure by the peripheral tissues in increasing conversion rate because



of the lowered T, serum concentration. The ability to increase serum
T3 even under times of lowered Tl, cor_lcentration is possible especially
Qhen considering the over one hundred-fold difference in serum T, to
T3 concentration found in normal individuals (2, 52).

In addition to the examination of serum T, and T3 concentrations in
diabetic and normal mice following PTU treatment, thyroid histology will
also be examined. It is expected with prolonged application of PTU that
a normalization of follicular cell shape, size, density and colloid size
will occur in the thyroids of diabetic animals. Normalized thyroid
giands would be evidenced by colloids decreasing in size and lighter
staining to hematoxylin., The follicular cells of the thyroid glands of
diabetic mice are expected to change from squamous to cuboidal in
response to PTU treatment. The reasoning behind these expectations is
that mice treated with PTU will decrease serum T; concentrations. If
serum T3 is acting as a negative feedback on T, output from the thyroid
gland (51), then when the level of T3 is low the thyroid would release
Ty . The release of T, from the thyroid would be observable as a

decrease in colloid size and staining reaction,



MATERIALS AND METHODS

Experimental animals were maintained 1in a Scherer controlled
environmental chamber at 24°C on a 14 light:10 dark lighting cycle in
cages that were 11,5" x 7" x 5" in size. Each cage contained two mice
and were provided water and Purina Rat Chow ad-libitum.

PTU (Sigma) was prepared at a .fina] concentration of 1.0
milligram/milliliter in 10 mM phosphate buffered saline (PBS) adjusted
to pH 7.6. PTU (50 mg) was mixed with 2.5 ml of 0.1 N sodium hydroxide
then vortexed until dissolved, To this solution 1.6 ml of 0.1 N
hydrochloric acid was added and the solution was immediately vortexed,.
The pH was adjusted to 7.6 using 0.01 N Hydrochloric acid and once again
vortexed. The sglution was serially diluted to a final concentration of
1.0 mg/ml using PBS. Solutions were prepared immediately before
injection time and used only once. Because PTU 1is light-sensitive,
solutions were protected from light prior to use. Vehicle consisted of
an equivalent solution of PBS without PTU.

Experimental animals received doses of 1 mg of PTU per 100 grams of
body weight while control animals received an equal volume of vehicle.
Body weights and injection volumes were determined each day before
injection. The injections were given intraperitoneally into the lower
quadrant of the abdominopelvic cavity alternating between right and left
sides on alternate days. The injections were made on four consecutive
days at approximately 1900 hours. The four experimental groups were as
follows: Group 1 - normal mice plus vehicle; Group 2 - diabetic mice

plus vehicle; Group 3 - normal mice plus PTU; and Group 4 - diabetic



mice plus PTU. Each group contained five animals that started the
experiment at 12 weeks of age.

The fifth day, following four days of injection, blood samples were
drawn by cardiac puncture at 1200 h using @ 1 ml tuberculin syringe
with ; 23 gauge needle. Blood samples were transferred into 1.5 ml
Eppendorf centrifuge tubes and allowed to clot for 1 hour at 4°C. After
this time the samples were centrifuged at 1700 rpm (800 rpm) for 20
minutes at 4°C. Serum was drawn off, placed in 1.5 ml Eppendorf tubes
and stored at minus 20°C until assayed. Serum T3 and T, were determined
by radioimmunoassay (Micromedic Systems Inc.™).

Directly following cardiac puncture mice were sacrificed by cervical
dislocation and the thyroids removed. Thyroidal tissues were removed by
isolating the intact tracheal portion containing the thyroid gland and
excising it as an intact unit from the animal. Thyroid glands were
placed in Bouin's fixative and stored for two weeks at room temperature
prior to histological sectioning. After fixing, thyroids were cleared,
embedded in bhard paraffin, and sectioned at 5 um following the
procedures outlined by Humasen {53). Cut thyroid sections were floated
in a water bath containing gelatin. Once relaxed, these sections were
placed onto albumin coated slides and heat fixed for one hour at 54°C,
Paraffin removal was performed and stained with Harris'
hematoxylin/eosin (53).

The tissues wera axamined under 400 power and photographed in color

using a neutral density filter and Kodachrome™ 200 ASA slide film and in



black and white using a green filter and Plus-X" 125 ASA film. Both
cotor slides and black and white prints were taken at a magnification of
380x.

A morphometric analysis of thyroid tissue was performed using 3" x
5" black and white pictures of thin tissue sections. A transparency was
made to divide each picture into sections. For each colloid in tﬁe
center most of the four sections ten follicular cells were chosen.
Using the uppermost follicular cell as number one and counting in a
clockwise direction each cell was measured for cell hnheight and width,
nuclear diameter, and cytoplasmic density. A relative ranking was used
to determine cytoplasimic density using a one to three plus scoring
scale, One plus was designated to be of low density whereas two plus
was intermediate and three plus high density. The same protocol was
used in the determination of colloid density. The interface between the
colloid and foilicular cell was alsoc ranked on a three plus scale. In
this case one plus indicated tight adherence of the colloid to
follicutar cells, two plus was for cells with 1light areas between
coilloid and follicle cells, and three plus for those colloids where
visible space was present between the colloid and follicular cells.
This particular index may provide information on the activity of
reabsorbtion lacunae for thyroglobulin. Colloid area was measured by
determining the length of the longest horizontal measurement and taking

the perpendicular midline to measure width.
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RESULTS

Serum thyroid hormone concentrations for individual experimental

animals are given in Table 1. -

Table 1. Data representing nonfasting serum T3, T,;, and
T3/T, concentrations for normal and diabetic twelve week old
mice following four days of treatment with either 1 ug/gm body
we;ght of propylthiouracil or with an equivalent volume of
saline.

CASE PHENO ™T T3 CPM T3 ng% T4 CPM T4 ug% T3 ng%/T4 ug%
1 Nm1 veh 29623 81 34417 4.4 18.4
4 Db veh 24532 150 32311 5.1 29.4
3 Nm1 PTU 29367 82 33245 4.8 ) 17.1
4 Db PTU 27879 108 33248 4.8 22.5
5 Nm1 veh 27116 112 30198 5.8 19.3
6 Db veh 25771 126 37231 3.8 33.2
7 Nm1 PTU 28461 92 27681 6.6 14.0
8 Db PTU 23619 170 34148 4.5 37.8
9 Nm1 veh 35542 37 31166 5.4 6.9

10 ob veh 27883 108 33014 4.6 23.5
11 Nm1 PTU 30766 71 . 32542 5.0 14.2
12 b PTU 24853 148 33843 4.6 .32.2
13 Db veh 25738 131 36148 4.0 32.8
14 0b veh 24459 150 - 24277 8.0 18.8
15 Nm1 PTU 27448 107 34768 4.4 24.3
16 Db PTU 27462 107 29565 4.0 26.8
17 Nml veh 30598 71 33147 4.6 15.4
18 Nm? PTU 26927 116 31924 5.1 22.7
19 ob PTU 26224 112 33802 4.5 24.3
20 Nml vah 31580 63 36082 4.0 15.8
2] Db veh 28513 98 30714 5.5 17.8

12



Serum Ty Concentrations. The serum concentrations of T3 (Table 2)

in diabetic mice were significantly greater than non-diabetic mice for
both vehicle and PTU-treated groups. PTU treatment appeared to increase
T3 in both diabetic and normal mice.

Table 2. Nonfasting serum T3 concentration in normal and
diabetic twelve week 0l1d mice following four days of treatment
with either 1 ug/gm body weight of propylthiouracil or with an
equivalent volume of saline. Values indicate means of five
individuals in each group * SD reported in ng%.

TREATMENT
VEHICLE . PTU
NORMAL 73 + 27 94 + 18
PHENOTYPE
DIABETIC 123 = 208" 129 + 22"

qndicates the presence of a statistically significant comparison
within a treatment group between normal and diabetic wice.

*k
Indicates significance at < .01 P

13



Serum T, Concentrations. The serum concentrations of T, (Table 3)
in diabetic mice Qere less than those of non-diabetic mice in both
vehicle and PTU-treated groups. In normal mice, PTU caused a slight
increase in T, compared to vehicle-treated mice. In PTU-treated
diabetic groups, the T, concentration éppeared to decrease slightly
compared to vehicle-treated groﬁps, however this 1is not supported
statistically.

Table 3. Nonfasting serum T, concentration in normal and

diabetic twelve week old mice following four days of treatment
with either 1 pg/gm body weight of propylthiouracil or with an
equivalent volume of saline. Values indicate means of five
individuals in each group * SD measured in pg% of T,. No
differences were found between groups.

TREATMENT
VEHICLE PTU
NORMAL 4.84 + 0.74 5.18 + 0.84
PHENOTYPE
DIABETIC 4.60 + 0.72 4.5 + 0.30

14



Serum T3-to-T, Ratio. The T3-to-T, ratios (Table 4} for normal mice
treated Qith vehicle were not different than diabetic vehicle-treated
mice. PTU-treated normal mice exhibited decreased T,/T; ratios compared
to normal mice treated with vehicle. The PTU-treated diabetic mice
exhibited significantly greater ratios than corresponding normal animals
‘which indicates that PTU has greater influence on normal mice than on
diabetic mice. '

Table 4. Nonfasting serum T3/T, ratio on a ng/uyg basis
in normal and diabetic twelve week 0ld mice following four

days of treatment with either 1 yug/gm body weight of
propylthiouracil or an equivalent volume of saline.

TREATMENT
VEHICLE PTU
b*
NORMAL 27 + 0.23 18 + 0.17
PHENOTYPE
*
DIABETIC 27 + 0.06 - 29 + 0.062"

qndicates the presence of a statistically significant comparison
within a treatment group between normal and diabetic wice.

bIndicates the presence of a statistically significant comparison
within a particular phenotype between vehicle-treated and PTU-treated
mice.

*Indicates significance at < 0.1 P

**Indicates significance at < .01 P

15



Thyroid Histology. _Figure 1 shows a thyroid gland section from a

vehicle-treated normal mouse which exhibits cuboidal follicular cells of
medium cytopiasmic density and a circular nucleus which indicates a cell
undergoing normal synthesis activity. The follicular border of this
group was closely adhering to the colloid indicating normal sacretion
.activity. Figure 2 represents a thyroid section from a PTU-treated
normal mouse. A subtle increase in the number of cells that were
columnar and the number of colloids with Tacunae was observed in this
group compared to normal mice on vehicle treatment. These observations
are indicative of greater follicular cell activity. In addition, the
colloids of this figure are larger 1in size compared to normal
vehicle-treated mice. Figure 3 is a section of thyroid gland from a
diabetic mouse treated with vehicle. This thyroid tissue has squamous
follicular cells with dark staining cytoplasm that is granular in
_nature. The nuclei are small and pycnotic with wrinkled borders which
is indicative of 9inactive protein synthesis. The colloids in this
section are large and exhibit follicular borders that are separated from
their colloid. A large colloid represents a thyroid that is storing its
products. Figure 4 shows a thyroid section from a diabetic mouse
treated with PTU. This section exhibits a normalization of thyroid
histology. Follicular cells in this picture are cuboidal and have a
cytoplasmic density that is non-granular and Tightly staining. The
nuclear diameter increased over diabetic groups on vehicle and were
circutar in appearance. This thyroid histology exhibits a resumption of

protein synthesis. In PTU-treated diabetic mice the .colloid decreased

16



in area when compared to diabetic mice thyroid tissue on vehicle and
- nearly equaled that of normal mice treated with vehicle.

A histological comparison was made between each group from the raw
data presented in Table 5. Normal mice that were PTU-treated exhibited
a subtle increase in the number of follicular ce]]s‘that were columnar
in nature compared to vehicle-treated normal mice. In addition an
apparent increase in colloid size was observed. A possible reason why
PTU treatment displayed this change in thyroid histology could be that
T, 1s acting to autoinhibit thyroid activity (10}. If T, is acting to
autoinnibit thyroid output, then under the influence of PTU, a treatment
that blocks T, to Ts conversion peripherially, it is expected that serum
T, concentration would increase and hence autoinhibit thyroid hormone
secretion. This action on the thyroid would be exhibited as an enlarged
colloid. The diabetic mice thyroid histology under vehicle treatment
was determined to be inactive and storing colloid material compared to a
dramatic increase in activity in PTU-treated diabetic mice exhibiting a
significant degree of follicular cell activity and a reduction in
colloid size. A tenable reason for this difference 1is that in the
diabetic mice T, autoinnibition may be dysfunctional. Vehicle-treated
diabetic mice are significantly different from vehicle-treated normal
mice. The vehicle treated diabetic mice have inactive follicular cells
and are storing colloid whereas normal mice exhibit active follicular
cells with normal secretion activity as indicated by colloid size.
Normal mice treated with PTU exhibited a slight increase in the number
of follicular cells that were colummar in nature and an increased

colloid size whereas diabetic mice treated with PTU dramatically
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increased follicular activity and reduced colloid size. This response
-indicates a significant difference between normal mice as opposed to

‘diabetic mice when influenced by with PTU.
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Table 5. Morphometric analysis of thyroid glands from non-
fasted twelve week old diabetic and normal mice treated with 1
ug/gm body weight propylthiouracil or an equivalent volume of
saline for four consecutive days.

AREA | CHARACTERISTIC  |verieve | pyir| Veele ] P10
"Follicle cell height .38 .35 .29 .36I

cell width .36 | .34 .30 .38

| cytoplasmic density 1.42 1.571 1.84 1.36

nucleus diameter .25 .25 .21 .27

CoTToid area 2.63- | 2.71{ 2.78 2.71

density 2.01 |1.90] 2.14 |3.09

Border t follicle border 1.92 1.81] 2.67 1.99

Values for colloid area and follicular cell height, width, and
nuclear diameter are based on metric measurements in
centimeters taken from 3" x 5" black and white prints
photographed at 380x magnification.

VYalues for follicle border and the densities of colloid and
follicular cells are based on a rank scale ranging from 1 to
3.
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Figure 1. Thyroid section from a twelve week 01d normal mouse treated
with vehicle which had serum T; and T, concentrations of 112 ng% and 5.8
g%, respectively. Normal activity is indicated by cuboidal follicular
cells with light staining cytoplasm and circular nuclei. (arrow) 380x

Figure 2. Thyroid section from a twelve week 01d normal mouse treated
with PTU which had serum T3 and T, concentrations of 92 ng% and 6.6 ug%,
respectively. Increased activity is indicated by the columnar nature of
the follicular cell (black arrow). In addition, note the reabsorption
lacunae whicn also is an indicator of increased activity {(white arrow).
380x -
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Figure 3. Thyroid section from a twelve week old diabetic mouse treated
with vehicle which had a serum T; and T, concentration of 126 ng% and
3.8 ug%, respectively. Note arrow pointing out squamous follicular
cells with small pycnotic nuclei and granular cytoplasm indicative of an
inactive thyroid gland. In addition, note enlarged colloid which is
caused by increased storage activity of thyroglobulin. 380x

Figure 4. Thyroid section from a twelve week o0ld diabetic mouse treated
with PTU which had a serum T3 and T, of 112 ng% and 4.6 ug%. HNote arrow
pointing out a group of fo?]icu]ar cells that are cuboidal in nature
with circular nuclei and 1ight staining cytoplasm. In addition, note
the reduction of colloid area. This morphology 1is representative of
thyroid gland under a state of normal synthesis and secretion. 380x
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DISCUSSION

Serum T3 concentrations in normal and diabetic wmice were sTightly
higher with PTU treatment than in their vehicle-treated counterparts.
The reason for this response is unknown. T3 was expected to decrease
with PTU treatment in nbrma] mice (54,55) and diabetic mice because of
the ability of this drug to block the enzyme 5' monodeiodinase, hence,
conversion of T, to T3. Serum T, exhibited no change in statistical
comparisons between phenotypes or treatments. The serum T3/T, ratio was
significantly lower in normal mice treated with PTU as compared to
normal mice treated with vehicle. This response was as expected because
the major source of T3 is due to peripheral conversion of T, whicih would
be blocked by PTU treatment. There was no difference in T3/T, ratios
between diabetic vehicle~treated mice compared to PTU-treated diabetic
mice. These results indicate that diabetic mice are more resistant to
PTU treatment than are normal mice. This conclusion is especially
evident in thyroidal histology examination. Histologically, the thyroid
glands of normal mice treated with PTU exhibited no appreciable change
in follicular cell morphology compared to normal mice treated with
vehicle. An apparent dincrease in colloid size was observed with
PTU-treated normal mice compared to vehicle-treated normal wmice. In
diabetic mice treated with PTU a dramatic change 1in follicle cell
activity was observed compared to diabetic mice treated with vehicle.
The diabetic mice treated with PTU exhibited active thyroid tissue with
follicular cells which were cuboidal containing circular nuclei whereas
in vehicle-treated diabetic mice thyroidal tissue was 1inactive as

indicated by follicular cells which were squamous and contained pycnotic
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nuciei. Colloids 1in diabetic mice treated with PTU were smaller
compared to diabetic mice on vehicle indicating an 1increase in
secretion.

Additional evidence that diabetic mice may modulate thyroid output
different1y than normal mice is providaed by studies of both phenotypes
in fasting states (54)}. Serum T, in fasting normal mice decreases while
in fasting diabetic mice this hormone increases. A possible explanation
as to why diabetic mice may increase T, output in fasting states and
with PTU treatment may be due to altered regulation of the 5'
monodeiodinase enzyme but this is only speculation. Serum T, in normal
mice wmay decrease in response to fasting states to conserve energy
during times of low energy input. This response may not be observable
in diabetic mice because of the high serum 1ipid level (56). The high
-serum 1ipid level in diabetic mice may prevent the triggering of an
energy conservation mechanism. PTU treatment is similar to fasting
conditions 1in that the tissues of the body are subjected to lower
concentrations of T3, the metabolically active form of thyroid hormones.
Without sufficient T3, the tissues are experiencing a depression in
energy uti]izat?on. This is based on the fact that decreased T3 reduces
basal metabolic rates (2).

A possible mechanism as to how diabetic mice modulate serum T,
differently than normal mice may be a function of the proposed
autoinhibitory activity by T, on the thyroid. In the normal mouse T,
may function to cause tne autoinhibition of T, output by the thyroid
gland (51). If thyroidal activity was sensitive to serum T,

concentrations, then, under PTU treatment one would expect a thyroid
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gltand to undergo storage due to elévated serum T, concentration. This
response was observed for normal mice. The diabetic mouse
autoinhibition may be insensitive to Ty. If the thyroid glands in
diabetic mice are insensitive to T, negative feedback, then when
treating with PTU one would not expect colloid storage. The results in
this study indicate T, release in diabetic mice treated with PTU. The
reason for the release of colloid may be due to the response to lowerad
Ty under PTU treatment. Lower T3 would decrease metabolic rate and
simulate an energy deficit. The response of the thyroid to this deficit
would be to release colloid. Another possibility for colloid secretion
with PTU treatment in diabetic mice is that T3 may play an inhibitory
role towards thyroid output. under PTU treatment, hy lowering serum Tj,
the autoinhibitory mechanism in diabetic animals would be reduced
allowing for increased thyroid activity and colloid secretion. In
addition to the autoinhibitory mechanisas, the thyroid gland is under
direct regulation by TSH.

A key to the differences between T, sensitivity between diabetic
mice and normal mice may rest on the requlatory affect in converting
T, to T3. As stated before PTU 1is not active in preventing T, to
- T3 conversion in the pituitary and that this conversion is thought to
control TSH output (57)}. Current research suggests that the pituitary
deiodinase enzyme is a distinct isoenzyme from the enzyme(s) functioning
peripherally (58}. This conclusion is based on the finding that the
enzyme nas di fferent kinetiés (539). Further, PTU insensitivity is not
due to selective permeability by pituitary cell membranes for T, because

T3 does not function to modulate TSH in cell-free extracts {(50).
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One other 5' wmonodeiodinase has been isolated and is present in
cerebral cortex. Being siwmilar to the the pituitary deiodinase it has
been proposed that this enzyme may also have a regulatory role, in this
case the modulation of thyroid releasing hormone (60,61). Because of
the proposed regulatory function of T, to T3 conversion in the pituitary
and cerebral cortex is it reasonable to believe that peripheral or
thyroidal in situ conversion may have a regulatory function. Evidence
of this 1s provided best in analysis of serum T,/T; ratios. The serum
T,/Ty ratio is a useful measure to observe both hormone concentrations
simultaneously. Comparisons between diabetic and normal mice for serum
T,/T3 are dramatically different in both vehicle and PTU-treated groups.
Normal individuals given PTU treatments displayed decreased T,/T3 ratios
compared to their vehicle-treated counterpart whereas diabetic mice
exhibited no difference between PTU treatment and vehicle treatment
groups. The lack of response to PTU-treatment in diabetic mice may be
that the concentrations of T3 and T, arising from the thyroid gland
itself are different in these animals. As mentioned before, T, is the
primary product of the thyroid gland and that T3 is also releasad but in
much lower concentrations (2). If the diabetic wmouse is releasing
higher T3 concentrations from tne thyroid, these hormone concentrations
would be insensitive to a drug which blocks conversion. It may also be
possible that diabetic mice, due to their polyuric state (46), are
clearing T, more rapidly than normal wice. This is doubtful because,
though unbound serum concentrations of T, are higher than T;, the

solubilities of thyroid hormones are quite low in plasma. Also the
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Tevel of free T, in normal states is low at 0.5% of the total T, present
in plasma (10).

wthheyer mechanism(s) are operating to account for differences
between normal and diabetic mice, whether proposed or not, it is evident
from this study that diabetic mice are inherently different in their
response to PTY. bTU functions to block peripheral conversion of T, to
T3 and to inhibit organification of iodine in the thyroid. Further
research to examine how PTU Influences these activities may lead to an

increased understanding of the diabetic condition.
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