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Ahstract-1 The response to exogenous thyroxine in ih; ro1<lectomi1~d rats made diabetic by treatment 
with ;trcpto7olocin was grea1I: impaired, a5 sho"n hy th~1r growth rdardation and the lack of increase 
in pb,ma GH and pituitary Gil and TSII COnffntrat1or.,. 

2. Insulin administration panially compensated for ihcsc endocrine alterations in diabetic thyr­
oidcctomized rats. When the,e animals received enough c\t1g:enous thyroxine to nonnalizc their plasma 
PBI and TSH kvcl,. insulin adn11111Stra1ion did nol de.:rease 1he1r augmented glucose and glycerol 
com:cntrations. 

3. These findings show the pcrm,,,1vc action between thyroid hormones and insulin although some 
effects of the former counteract those of insulin. 

INTRODUCTIOl'i 

Intense thyroid hormone dcticienq- in young rats 
results in profound impairment in growth rate 
(Evans. 19'.!4: Evans er al .• 1958: Solomon and Greep. 
19 59) as a consequence of severe reduction in anterior 
pnuitary function. except for TSII secretion which 
is actually augmented (Contopoulos et al., 1958. 
Daughaday et al., 1968; Escobar del Rey et al., 1968; 
Greenspan et al., 1949; Griesbach and Purves, 1945; 
Halmi, 1950; Knigge, 1958; Lewis et al., 1965; Peake 
et al., 1973). Thyroxine administration to the animals 
blocks these changes but sensitivity of the response in 
the dilTerent parameters is not always identical 
(Evans el al .. 1964; Griesbach and Purves, 1945). The 
thyroxine dose needed to restore normal growth and 
number of pituitary acidophils in thyroidectomized 
rats was much lower than that required completely to 
normalize the pituitary basophils. It has recently been 
shown (Gonzalez et al., 1980) that sensitivity to the 
inhibitory elTect of thyroxine administration on the 
pituitary TSH secretion is augmented in thyr­
oidectomi2ed diabetic rats. The present study was 
performed to investigate whether this altered re­
sponse to exogenous thyroxine in thyroidcctomiled 
rats made diabetic by treatment with streptozotocm 
is also present in other parameters such as circulating 
glucose, glycerol, protein-bound iodine levels, and 
both pituitary and plasma concentrations ofGH and 
TSH. The work was extended to determine the effects 
on these parameters of small doses of exogenous 
insulin administered to the diabetic animals. 

Correspondence should be addressed to: Dr. Emilio Her­
rera, Departamento de lnvest1gaci6n, Centro Ram6n y 
Cajal, Crtra. Colmenar Km 9, Madrid-34, Spain. 

:\1HF.RI-I.IS A:,.io :\IF.THODS 

A11111w/r 

\!ale Wi~tar rats bred in our laboratory were used. They 
\\cTL kept ma rnn,;t;in\ tempcrnture environment (22 ± 2·CJ 
\\'Ith automatic 12 hr light and dark cycles. A Remington 
ltrn LOdinc diet (0.05 ± 0.01 µg "'1/g of diet) and d1st1lled 
11atcr were admm1~tered ad hb. Surgical thyroidectomy was 
perfonned under ether ane~thesia. 

Expenmr:ntal design 

About 160 rats were thyroidcctomized when weighing 
9(}...100 g. They were weighed once a week and 30 days after 
the operatwn. those of Stahle weight were fasted for 24 hr 
and divided into two groups. One group of animals was 
made diabetic by i.p. inJcction of strcptozotocin (Upjohn 
Co .. Kalamazoo, Michigan): 4 mg/100 g body wt, freshly 
dissolved in citrate buffer, pH 4.5. This group was desig­
nated diabetic-thyroidectomized (D-Thx). The other group 
was treated with buffer and used as controls (C-Thx). 
Followmg these treatments, the animals were re-fed and 1 
wed.. later each group was divided into four sub-groups of 
matched ho<l)' wt which for 7 days received a daily i.p. 
mjl"l:tlon of either salme or an L-thyroxine (L-T 4 ) dose of0.5, 
1.0 or 2.0 µg/ I 00 g body wt. The L-T4 was dissolved in a 
drop of 0. I N Na OH and diluted in saline containing 0.1% 
bo1ine serum alhumin (Sigma Chemical Co., St. Louis, 
Mi;~ouri). Dunng treatment with L-T,, half of the D-Thx 
animals were injected daily s.c. with bovine insulin (Novo 
Industri A/S, Copenhagen), 0.5 JU/ 100 g body wt. Treat­
ments with both L-T, and insulin were always performed 
bet\\een 0800 and 0900 hr. A group of age- and sex-matched 
intact animals, injected with saline, was studied in parallel 
with the thyroidectomized rats. All ammals were sacrificed 
by d.xapitation l hr after the last injection. Blood was 
collected into hcpannized tubes, centrifuged and the plasma 
was r~moved and ,to red at - 20"C until assayed. Pituitaries 
were rapidly dissected and the anterior lobes weigh~d, 
homogeni1.cd in 2 ml of distilled water and kep, at - 20"C 
until assayed. 
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Fig. I. Effects of rer•,.cement doses of L-thyroxine on blood 
glucose and glycerol levels in thyroidectomized control 
(e~-e), thyroidectomized diabetic {0---0) and thyr­
oidectomized diabetic rats treated with insulin(•--•} 
and normal intact controls (.6.). Values correspond to 
means± SEM of 8-10 rats/group. Comparison between 
each group treated with thyroxine and the s;,me group 
without this treatment is shown b) asterish: • = P < 0.05. 
•• = P < 0.01 and • 0 = P < 0.001. Other statistical com-

parisons are indicated in the text. 

Analytical procedures 

Plasma aliquots were deproteinized (Somogyi. 1945) for 
glucose (Hugget and Nixon, 1957) and glycerol (Garland 
and Randle, 1962) evaluation by enzymatic prore:lures. 
Plasma protem-bound iodine (PB!) determinations were 
performed by using the Zak ch\oric acid digestion method 
(Benotti and Benotti, 1963). Pituitary and plasma GH and 
TSH contents were measured by the specific R\As de,cloped 
for the rat by NIAMDD of the NIH. Data are expressed m 
terms of the corresponding NIAMDD rat reference prepa­
rations. Al\ samples for plasma and pituitaries were run in 
the same assay and estimated from the same GH and TSH 
standard curve. 

Calculations 

Data shown are means ± SEM. The degree of significance 
of differences between groups was calculated using the 
Student's I-test. 

RESULTS 

Values of plasma glucose and glycerol concen­
trations in the different groups are summarized in 
Fig. I. Treatment of the thyroidectomized (Thx) 
animals with a single dose of streptozotocin made 
them diabetics (D-Thx), as shown by the significant 
increment in their plasma glucose levels as compared 
with the values in both intact normal controls (C-N), 
P < 0.001 and in Thx animals not treated with the 
drug (C-Thx), P < 0.00\. Plasma glucose levels were 
significantly reduced in the D-Thx when injected with 
0.5 IU of bovine insulin/JOO g body wt for 7 days 
prior to sacrifice (D-Thx + Ins.), P < 0.001. Treat­
ment of the Thx with either 0.5 or 1 µg of L-T, did 
not cause any significant change in their glycemia, 
but a 2 µ g dose produced an increase in all groups 
(Fig. \). This effect was greatest in the D-Thx + Ins. 
animals in which plasma glucose reached the levels of 
the D-Thx group. Plasma glycerol levels did not differ 
among the groups not receiving L•T4 or treated with 
0.5 µg of L-T4 • The 1 µg dose produced a significant 
increment in this parameter in the D-Thx + Ins. 
animals while the 2 µ g dose produced a further 
increase in this group and a significant enhancing 
effect in the 0-Thx animals, as compared with 
values in the same group without L-T4 treatment 
(fig. I). 

As shown in Fig. 2, body wts and plasma and 
pituitary concentrations of GH were much lower 
(P < 0.001) in the C-Thx, D-Thx and D-Thx+ Ins. 
animals than in the C-N ones, while values did not 
differ among the first three groups. Responses to 
eXogenous L-T4 were quite different. In the C-Thx 
ammals. the 0.5 µg dose produced a significant in­
crement in body wt and in pituitary and plasma GH 
concentrations. This effect of pituitary GH concen­
tration was progressively greater with doses of 1 and 
2µg, while plasma GH levels rose with I µg and did 
not increase further with the 2 µg dose. In the D-Thx 
animals, L-T4 did not affect body wt, and only the 
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Fig. 2. Effects of replacement doses of L-thyroxine on body wt increase and pituitary and plasma GH 
concentrations in thyroidectomized control (e-~e), thyroidectomized diabetic (0---0) and th~r­
oidectomized diabetic rats treated with insulin (•--•) and normal intact controls (,6.). Value, 
correspond to means ± SEM of 8-10 ra1>_:group. Comparison between each group treated with thyroxine 
and the same group without this treaunent is shown by asterisks: * = P < 0.05, 0 "" P < 0.0 I and 

"** = p < 0.001. Other stat' _;tical comparisons are indicated in the text. 
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Fig. 3. Effects of replacement doses of L-thyroJ\ine on plasma protein bound iodine (PB!) and plasma 
and pituitary TSH concentrations in 1hyro1dcctom1zed control (e--eJ, thyroidcctomized diabetic 
(0-·--0) and thyro1dectomized diabetic rats treated with insulin (4.--•l and normal mtact controls 
(6)- Values correspond to means± SEM of 8-10 rats/group. Comparison between each group treated 
with thyroJ\ine and the same group without this treatment 1s shown by asterisks: • = P < 0.05, 

u = P < 0.0 I and 0 "* = P < 0.001 Other statistical comparison; arc mdicated in the tel\!. 

2 µg dose caused significant increases in GH 1eve1s (in 
both pituitary and plasma). Insulin administration to 
the D-Thx rats (D-Thx + Ins.) partially restored their 
response to L-T. in these parameters although the 
observed values were always below those of the 
C-Thx (Fig. 2). 

To determine whether these differences correspond 
to differences in the thyroidal status of the animals, 
plasma PB! and TSH levels and pituitary TSH con­
centration were also measured (Fig. 3). Plasma PBI 
levels were much lower in all Thx groups than in the 
C-N animals (P < 0.001), with no difference between 
D-Thx and D-Thx + Ins. vs the C-Thx. In these 
groups, L-T4 administration produced a similar 
dose-response rise in the plasma PBI values although 
their levels did not reach those of the C-N, even with 
the highest dose ofL-T4 administered (2µg). Plasma 
TSH levels rose significantly in the three Thx groups 
as compared with the C-N (P < 0.001). The greatest 
sensitivity involving plasma TSH reduction after t-T4 

administration was shown by the D-Thx rats in which 
levels were already significantly reduced by the 0.5 µg 
dose and reached the values of the C-N with the I µg 
dose. In C-Thx rats, however, the I µg dose of L-T4 

was needed to show significant reduction in their 
plasma TSH levels and 2 µg to obtain the levels of 
C-N. The sensitivity of the D-Thx +Ins.animals to 
the L-T4 effect, decreasing the plasma TSH levels_ was 
intermediate to that of the other Thx groups studied 
(Fig. 3). Pituitary TSH concentration was much 
lower in the Thx groups than in the C-N (P < 0.001) 
and although the L-T4 administration produced an 
increment in this parameter in all Thx groups, their 
values never reached those of the C-N. Among the 
Thx groups, this L-T4 response was greatest in the 
C-Thx animals with significant effects beginning with 
the 0.5 µg dose. It was intermediate in the D­
Thx + Ins., although effects were also significant 
from the 0.5 µg dose, while they were lowest in the 
D-Thx in which pituitary TSH content was only 
slightly enhanced with 2µg ol L-T 4 • 

Co, 76/2A-E 

DISCUSSION 

The marked growth retardation in thyr­
oidectomized animals coincides with reduced plasma 
and pituitary GH levels and corresponds to their 
intense hypothyroidism and increased TSH circu­
lating lcveb. This endocrine pattern confirms other 
reported conr;litions in intense thyroid deficiency (Es­
cobar de! ·Rey et at., 1968; Evans et al., 1964; 
Greenspan et al., 1949; Lewis el al., 1965: Peake et al., 
1973). The unchanged circulating levels of glucose 
and glycerol in hypothyroid animals also coincides 
with previously described metabolic situations 
(Aranda et al., 1972; Llobera et al., 1978) suggesting 
that, in this endocrine condition, a new balanced 
equilibrium has been established in which parallel 
reductions in both anabolic and catabolic pathways 
allow for the maintenance of unaltered steady state 
concentrations of circulating metabolites (Metzger 
and Freinkel, 197!). Administration of exogenous 
thyroxine to thyroidectomized rats progressively re­
stored to normal most of the observed changes, 
although the response sensitivity depended on the 
parameter studied. Thus, although the 0.5 µg dose 
was enough to initiate a marked recuperation in most 
endocrine parameters, TSH plasma levels were main­
tained even higher than in thyroidectomized animals 
not receiving thyroxine. This may not be explained by 
a higher threshold level of the thyroid hormones 
effect, reducing the circulating levels of TSH as 
compared to their effective modification of other 
parameters. The plasma levels of TSH in untreated 
thyroidectomized animals are probably lower than 
would correspond to their markedly deficient levels of 
thyroid hormones, due to their negligible pituitary 
TSH content. In agreement with this interpretation in 
these animals, 0.5 µg of L-T4 promotes increased 
pituitary TSH content, and consequently facilitates 
its release to the circulation. It has been reported that 
goiters in intensely hypothyroid individuals are no 
larger than in milder cases of thyroid hormone 
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deficiency (F.$cobar de! Rey et al., 1968), and this may 
be caused by a mechanism similar to that indicated 
above. In intense goiter and mild thyroid deficiency, 
animal growth is normal (Castro et al., 1972). This is 
also the case in our thyroidectomized rats treated 
with doses of 0.5 or 1 µg thyroxine in which circu­
lating TSH levels were still elevated but growth 
parameters were recovered. 

When thyroidectomized animals were made di­
abetic these parameters were greatly affected. In spite 
of the same thyroid hormone deficiertcy (as shown by 
the plasma PSI levels), the animals appeared less 
"hypothyroid" than the non-diabetics, as indicated 
by their lower TSH plasma levels. It required a 
smaller dose (0.5 µg) of exogenous thyroxine in the 
diabetic rats to reduce plasma TSH than in the 
thyroidectomized controls. This effect was similar to 
previous fmdings (Gonzalez er al., \980) and al­
though it could be interpreted as an enhanced sensi­
tivity to thyroxine in the hypothyroid diabetics, it 
coincides with the reduced ability of this hormone to 
enhance the pituitary TSH content. On the basis of 
these results the greater effect of thyro,:;ine decreasing 
circulating TSH levels in diabetic thyroidectomized 
animals may be interpreted as a consequence of 
reduced pituitary TSH release due to its decreased 
availability in the gland, rather than by an augmented 
sensitivity of the TSH-thyro,:;ine feedback effect. 
Growth parameters also showed less sensitivity to the 
ewgenous thyro,:;ine treatment in the diabetic thyr­
oidectomized rat, indicating that their pituitary func­
tion was considerably impaired. 

These endocrine change.~ were partially restored in 
the diabetic animal when supplemented with insulin. 
demonstrating that they were primarily caused b: 
insulin deficiency. From our data ti may he concluded 
that the juxtaposition of insulin and th~roid hor­
mones is required for the pituitary to maintain its 
proper function. This permissive effect of insulin c::-id 
thyroid hormones was previously seen for the 
changes in plasma amino acid levels in animals kept 
under similar conditions as those used in the present 
study (Jolin and Herrera, 1982) and it was also seen 
here for the metabolic parameters studied_ The dt~ 
abetic animals appeared less '•diabetic'" when in­
tensely hypothyroid. as shown by their blood gluco:>e 
and glycerol levels which were lower in animals not 
supplemented with thyroxine than in those treated 
with it. On the other hand, insulin administration did 
not reduce the blood glucose levels and only slightly 
reduced those of glycerol in diabetic animals re­
ceiving the lhyro,:;ine dose that normalized circulatin!, 
levels of PBl and TSH. In this condition thyroxine 
produces its gluconeogenetic and/or it~ g\ycogeno­
lytic as well as lipolytic effects (Llobera and Herrera, 
1980; Montoya and Herrera, 1974), overcompensa­
ting for the opposite effects known to be produced by 
insulin. Thus, insulin was needed in order for thyro­
,:;ine to manifest its metabolic effects although they 
are opposite to those of insulin. 
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