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ABSTRACT
The study was designed to evaluate the histopathological parameter associated with experimental thyrotoxicosis due to
thyroxine (T4) injection in rats. Three groups of rats (5/ group ) were injected with (2.5, 7.5 and10 μg /100 gm  body
weight subcutaneously) of T4, the control group was injected  2.5ml/100 gm of physiological saline for 60 days, at the  40th

and 50th day the animals were injected subcutaneously  with Candida albicans antigen.  At 60th day of injection the animals
were sacrificed and all organs were taken. Results showed different pathological lesions in different organs, such as
complete inhibition in thyroid tissue, increase in the colloid and flattening of epithelial lining of the thyroid gland,
hypertrophy of heart due to acute cellular swelling, hypertrophy in the kidney resulted from cloudy swelling, hydropic
degeneration. Liver showed centrilobular necrosis following the cloudy swelling and hydropic degeneration in the area
adjacent to the central veins, Pancreas there was atrophy of islets of langerhans resulted from reduction of β- cells region.
There was extensive reactive hyperplasia in both T-cell and B-cell regions of white pulp of the spleen and in the cortical
region of lymph node. There was elongation (hyperplasia) in the zona fasiculata and reticularis of the adrenal cortex on the
expense of medulla. Brain tissue showed extensive perinuerounal edema and focal gliosis. Hyperplasia of peyer patches
and goblet cells with mucous production in the intestinal lumen. Lung showed interstitial thickening due to infiltration of
inflammatory cells, hyperplasia of pneumocyte type П and congestion of alveolar capillaries testis were atrophied, loss of
spermatogenesis and hydropic degeneration of the germinal epithelia lining of somniferous tubules and atrophy of leydig
cells. Ovaries were atrophied and reduced in the number of growing follicles and increase in the luteal tissue formation.
Uterus showed thickening of subendometrial fibrous tissue layer with too much collagen production, reduction in the
number of endometrial glands and metaplasia of endometrial epithelia. Skin showed extensive sclerosis due to much
collagen production and extensive edema seen in different organs.
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INTRODUCTION
Thyroid hormones (T4, T3) secreted from thyroid gland,
thyroid gland and thyroid hormones regulate growth,
development and cellular metabolism[1]. Thyroid hormone
plays a role in cardiovascular, nervous, immune, and
reproductive system development and function[2]. Thyroid
hormones modulate the immune response therefore they
play a role in cellular and humoral immunity[3]. Thyroid
disorder is a general term representing several different
diseases due to disturbance in thyroid hormones and
thyroid gland and there are two major categories of thyroid
disorders, hyperthyroidism and hypothyroidism,
depending on thyroid hormone levels as increased or
decreased respectively, the most common type of
hyperthyroidism is produced by a generalized over activity
of the entire thyroid gland[4]. Hyperthyroidism (excess of
thyroid hormone) causes symptoms include tachycardia,
dyspnea, Atrial fibrillation, ployphagia, polyuria,
polydipsia, and nervous signs [5, 6]. In hyperthyroidism,
there is increase in gluconeogenesis in the liver and
glucose efflux through hepatocyte plasma membranes and
it cause decrease in body weight, as well as decrease in
plasma lipids such as plasma cholesterol and triglycerides
[7, 8]. Also hyperthyroidism associated with hypertrophy of
heart and kidney, and degenerative changes in liver [9, 10].

MATERIALS & METHODS
One to one and half months old rats (average body weight
100gm ) were randomly divided  into four groups, each
group consists of 10 rats (5 rats of each sex per group)
and were treated daily  for 60 days as follow:- Group1;
rats of this group were received 2.5 µg /100gm of body
weight of thyroxine injected subcutaneously (s/c); Group
2; rats of this group were received 7.5 µg /100gm of body
weight of thyroxine injected subcutaneously (s/c); Group
3; the rats in this group were received 10µg /100gm of
body weight of thyroxine injected subcutaneously (s/c)
and animals in group 4 were received 2.5ml /100gm of
body weight of saline injected subcutaneously (s/c) and
considers as control group.
At 40 days of experiment immunized animals by
inoculation 0.25 ml s/c of whole killed antigen of
Candida albicans (9X108 CFU / ml) and the booster dose
was inoculated 0.5 s/c at 50 days of experiment. At the
end of experiment, the animals were sacrificed and
postmortem were done for all animals, the macroscopic
appearances were recorded to detect any abnormal gross
changes in internal organs, specimens were taken from all
internal organs; the tissues were kept in 10%
formaldehyde immediately after removal. After 48 hours
of the fixation, then processing was routinely done with a
set of increasing alcohol concentrations, tissues section

431



Pathological changes associated with experimental thyrotoxicosis in rats

432

were embedded in paraffin blocks, and sectioned by
microtome at 5µm for all tissues. All tissues were stained
with hematoxylin and eosin stain and the
histopathological changes were observed under light
microscope [11].

RESULTS & DISCUSSION
Different pathological findings were present in different
groups of the animals but more extensively observed in
group Ш:

Thyroid glands
Showed complete regression of their size (atrophied) and
increase the colloid and flattening of epithelial lining  in
this study we result from extensive hyperthyroidism state
(T4) which was evident in different groups of animals
especially group Ш (Figure1), this hyperthyroidism state
cause complete thyroid atrophy and enhance
Hypothalamic–pituitary–adrenal axis (HPA axis ), similar
findings reported by[12, 13] that thyroid tissue alteration and
reduced functions due to hyperthyroidism were resulted
into HPA axis functions and increases ACTH and
corticosteroid productions.

FIGURE1: Thyroid gland: increase the colloid of thyroid follicles
( ) and flattening of epithelial lining
(          ) (400X H&E).

FIGURE 2: Liver Extensive hydropic degeneration ( )   with
vacuolation of hepatocytescytoplasm ( ) and congestion of
blood vessels ( ) (200 X H&E).

Liver
The result showed mild degenerative changes in the liver
including mild cloudy swelling and hydropic degeneration
,these degenerative changes occur in the areas adjacent to
the central vein which developed into coagulative type of
necrosis  and perivascular leukocytes cuffing were seen in
certain sections (Figure 2), this results agree with [14] and
explain on the basis of  the mechanism of this injury
appears to be relative hypoxia in the perivenular regions,
under high T4 effect and  due to an increase in hepatic
oxygen demand without an appropriate increase in hepatic
blood flow.

Pancreas
In this study, the main lesions in this organ were atrophy
of islets of langerhans region especially β- cell region of
pancreas (Figure 3), this result reported by the long term
of thyrotoxicosis has been showed to cause beta cells (β-
cells) dysfunction resulting in reduced pancreatic insulin
content, poor insulin response to glucose and decreased
rate of insulin secretion [15]. In the other studies in rats,
exogenous T4 treatment has been shown to acutely
increase the rate of β-cell apoptosis  and increase glucose
transporter 2 (GLUT-2) levels in hepatocyte plasma
membranes resulting in the increase in glucose efflux
across the hepatocyte plasma membrane in the final step of
hepatic glucose production [16,17,18].

FIGURE 3: Pancreas atrophy of islets of langerhans
(            ) especially β- cell region (200 X H&E).

FIGURE 4: Kidney: cloudy swelling in proximal convoluted
tubule showed star–shape lumen ( ) and swelling of
their epithelia, also dilation of Bowm an's  space (            )
(200 X H & E).
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Kidneys
In this study there is hypertrophy of kidneys grossly and
microscopically ,there are mild  cloudy swelling and
hydropic degeneration were seen in proximal and distal
convoluted tubules with dilation of Bowman's space , also
there is infiltration of lymphocytes between renal tubules
(Figure 4) ,this result observed by[19,20] and explained as a
result of thyroid hormone (T4) activates the circulating or
intrarenal renin–angiotensin system (RAS) via
enhancement of renal renin mRNA expression, which then
leads to renal hypertrophy induced by thyroxine (T4)
administration in rats in this study .
Adrenal glands
The main lesions in this organ were elongation of zona
fasiculata  and zona reticularis layers , on the expanse of
medullary regions (Figure 5) , these cortical  hyperplastic
lesion were occurred under effect of disorder of thyroid
tissue due to hyperthyroidism (T4) which was evident in
all groups of thyrotoxicosis , especially group Ш of this
experiment .A similar findings in rats recorded by[13] on
that the altered thyroid function i.e. hyperthyroidism
affect the secretion and metabolism of adrenocortical
hormones which resulted from adrenocortical
hyperactivity which was evident in this study .

Similarly [12, 13] reported that the duration and severity of
hyperthyroidism state is important factors for increased
functional capacity of adrenal cortex and the
Hypothalamic–pituitary–adrenal axis (HPA axis) function
which resulted in the secretion of glucocorticoide and
mineralocorticiods that increase the level of sugar in the
body and increase retention of sodium Na+ and H2O
which resulted in edema in different groups of rats
respectively which was evident in this study.
Brain
Showed extensive demyelination and perineruonal edema
in adjacent glia cells and purkinje cells which were present
in all examined sections in different groups of animals and
in certain cases there was perivascular leukocyte cuffing
and focal gliosis due to proliferation of microglia cells
(Figure 6). Because thyroid hormones play a role in
regulation of nervous system myelination of growth and
puberty and proliferation of cells such as glia cells also
regulates oligodendrocyte production of myelin [21, 22], the
possibility that prolonged hyperthyroidism could activate
apoptotic mechanisms in the myelin forming cells , these
results  indicate that one of the actions of sustained levels
of thyroid hormones in the rat is to increase
oligodendroglia cell death by apoptosis this findings also
observed by [23].

FIGURE 5: Adrenal gland: there is elongation of zona fasiculata (
) and reticularis (   ) of their cells
and reduced in the size of medulla  (             )   (200 X H&E).

FIGURE 6: Brain: focal gliosis ( )   characterized by
focal proliferation of microglia cells and perineuronal
edema ( ) around glia cell (X200 H&E).

FIGURE 7: Lung: interstitial thickening and there is thickening of
alveolar wall due to proliferation of pneumocyte type П
( ) and some inflammatory cells infiltration (lymphocyte and
macrophage) and preibronchial lymphoid tissue hyperplasia (
) with emphysematous area ( ) (200X H&E).

FIGURE 8: Intestine: extensive mucin production in the lumen
( ) and hyperplasia of goblet cells ( ) (200 X
H&E).

Lungs
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There is thickening of alveolar wall due to congestion of
alveolar capillaries and proliferation of type П
pneumocytes  and peribronchial lymphoid tissue
hyperplasia , in certain section extensive emphysematous
areas were seen in the pulmonary tissue in addition to
pulmonary edema ( Figure 7) ,these changes occur as a
result of  thyrotoxicosis which lead to  increase O2
consumption due to increased basal metabolism due to
elevated thyroid hormones consequently , the  radical
oxygen species production increases in lungs this might
result in cellular damage in the lung [24] . In other study by
[25] explained the basis of the thyrotoxicosis effect on  the
aleveolocapillary permeability via affect on surfactant that

postulated that surfactant amount   increase in
thyrotoxicosis due to proliferation of type П pneumocytes,
for peribronchial lymphoid tissue hyperplasia occur as a
result of the immunological effect of T4 on these tissues.
Intestine
Showed mucinous degeneration in which secretion of
mucin in the lumen of intestine and hyperplasia of goblet
cells in addition to hyperplasia of payer patches (Figure
8,9), this finding were observed by [26] that the  hyperplasia
of goblet cell and payers patches resulted from the good
immune response of the body under the thyrotoxicosis
(T4) effect.

FIGURE 9: Peyer patches of intestine: There is extensive
proliferation of    lymphoid tissue ( ) with germinal center
formation (100 X H&E).

FIGURE : Spleen: extensive hyperplasia of the white pulp in
the periarterial sheath region (T –cell region) ( ) and
hyperplasia of remainder region of white pulp (B-cell region)
( )(200X  H&E).

FIGURE : Lymph node: reactive hyperplasia of lymphoid
follicle in cortical region ( ) with secondary lymphoid
follicle formation (200X H&E).

FIGURE 2: Heart: there is acute cellular swelling  characterized
by perinuclear vacuolated ( ), edema between muscle
fibers ( ) and increase acidophilia of muscle sarcoplasm
(400 X H&E).

Spleen and Lymph nodes
The main lesion in spleen were hyperplasia of white pulp
in which proliferation of the lymphocyte and macrophages
in the periarterial sheath region (T-cells) and in remainder
area of white pulp (B-cell region) (Figure 10), also
reticulo-endothelial cells hyperplasia observed in red pulp.
Whereas in lymph nodes reactive hyperplasia of lymphoid
follicles in the cortical regions (Figure 11), with secondary
lymphoid follicles due to lymphocytes and macrophage
proliferation  these findings were recorded  by [27] as result
of  good immune response of body under effect of
thyrotoxicosis due to high T4 level which was evident in
this experiment .

Heart
Which grossly seen increased in size of the heart
(hypertrophy ) ,microscopically appeared as an acute
cellular swelling in myocardial muscles fibers , and edema
infiltrated  between the muscle fibers in addition to
increase cardiac movement cause hypertrophy  in this
study (Figure 12), this result agree with [28, 29, 20] and
explain as a result  hyperthyroidism increases total protein
synthesis in cardiac myocytes, resulting in increased heart
weight and a mild degree of cardiac hypertrophy and
thyroid hormone stimulates myocyte hypertrophy, due to
implicated changes in expression of myosin heavy chain
(MHC) and  sarcoplasmic reticulum Ca2+-ATPase [30,31].
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Testis
More extensive lesions were observed in testicular tissue
which appeared atrophied grossly and microscopically
there was loss of spermatogenesis with hydropic
degeneration of germinal layer lining seminiferous tubules
and sloughing of their cell lining (Figure 13). Similar
findings were observed by[32] who found the high doses of
thyroid hormone causes decrease in the weight of testis
and seminal
vesicles in mice and rabbits seen in this study . Similarly
[33] found that following thyrotoxicosis in rats the high
level of thyroxine (T4) causes reduction in body and testis
weights, reduction in testis weights in rats mainly result
from reduction of total volume and the number of
seminiferous tubules and loss of spermatogenesis in
addition to the decrease in the interstitial mesenchymal
cells (leydig cells) observed in this study.

Ovaries
The main lesions in this organ, there is decrease in size
(atrophied) grossly and microscopically there is reduces
number and the size of the ovarian follicles, and increase
in medullary region on expense of cortex (Figure 14).
Hyperthyroidism in rats following T4 administration with
a long period of time cause increase periods of diestrus
with few follicles seen and extensive luteal tissue
formation which observed in this study following T4
administration , these changes were  accompanied by
increase level of leuteinzing Hormone (LH), which
associated luteal tissue formation [34] and decrease in
Follicular – stimulating hormone (FSH) and Insulin like
growth factor (IGF-1) concentration following
thyrotoxicosis [35], these  resulted  into atrophy of ovary
and small size follicle comparable to the normal control
which was evident in this study.

FIGURE : Testis: loss of spermatogenesis ( ), sloughing
and hydropic degeneration of their epithelial lining ( )
(200X H&E).

FIGURE : Ovary: there is reducing in the number of growing
follicle ( ), and extensive lutenization (luteal cell formation)
( ) (200X H&E).

FIGURE : Uterus: there is extensive fibrous tissue formation in
the subendometrial region (      ), with extensive collagen
production (         ) and reduction in endometrial gland and
metaplasia of their epithelia lining ( ) (200X H&E).

FIGURE : Skin: extensive sclerosis with too much collagen
production  in dermal region   ( ) (200X H&E).

Uterus
In this study the main lesion in this organ thickening of
subendometrial layer due to over  collagen production ,
fibroblast proliferation and reduced in number of
endometrial glands (Figure 15), these findings were
observed by [35] that this thickening of uterine wall (
subendometrium)  were result from action of thyroxine
(T4) administration on the endometrium and myometrium
and resulted into uterine wall thickness and affect the
number of endometrial gland in addition to the
endometrial metaplasia.

Skin
There is extensive sclerosis in the dermal region
characterized by fibroblasts proliferation and too much
collagen production (Figure 16). This results observed
by ,37] as result of that  the skin is a classic target tissue
for thyroid hormone action and thyroid hormone  stimulate
keratinocyte proliferation, also stimulated proliferation
inhibitory factors from skin fibroblasts  insight into the
interplay among the competing factors will be important in
understanding thyroid hormone regulation of skin
physiology, and there was a dose-dependent of in  thyroid
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hormone (T3) treated animals increase in epidermal
proliferation, dermal thickening, and hair growth in rats
and mice and explain on the basis that proliferation-
associated cytokeratin 6a expression and is dramatically
stimulated with supraphysiologic doses of thyroid
hormone . A similar findings recorded by [38, 39].

REFERENCES
[1]. Christian, M.  S. and Trenton, N. A. (2003)

Evaluation of thyroid function in neonatal and adult
rats: The neglected endocrine mode of action. Pure
Appl. Chem. 75 (11–12):  pp: 2055–2068.

[2]. Krassas, G.E. (2000) Thyroid disease and female
reproduction. Fertil. Steril. 74:1063-1070.

[3]. Botella-Carretero, J.I., Prados, A., Manzano, L.,
Montero, M.T., scribano, L., Sancho, J. and
Escobar-Morreale, H.F. (2005) The effects of
thyroid hormone on circulating markers of cell-
mediated immune response, as studied in patients
with differentiated thyroid carcinoma before and
during thyroxine withdrawal. European Journal of
Endocrinology .153(2):223-230.

[4]. Jalal, N. A. (2004) Biochemical changes in Patients
with Hyperthyroidism, M. sc. Thesis. College of
Medicine. University of Tikrit.

[5]. Feldman, E.C. and Nelson, R.W. (1996) Feline
Hyperthyroidism. In: Canine and Feline
Endocrinology and Reproduction. (2nd ed).
Philadelphia, Oxford University Press .pp. 1447-
1479.

[6]. Boelaert, K. and Franklyn, J. A. (2005) Thyroid
hormone in health and disease. Journal of
Endocrinology. 187: 1-15.

[7]. Mokuno, T., Uchimura, K., Hayashi, R., Hayakawa,
N., Makino, M., Nagata, M. (1999) Glucose
transporter 2 concentrations in hyper- and
hypothyroid rat livers. J. Endocrinol; 160: 285-289.

[8]. Pucci, E., Chiovato, L. and Pinchera, A. (2000)
Thyroid and lipid metabolism. Int. J. Obesity Rel
.Metab .Dis. 24:S109- S112.

[9]. Lopez-Torres, M., Romero, M. and Barja, G. (2000)
Effect of thyroid hormones on mitochondrial
oxygen free radical production and DNA oxidative
damage in the rat heart . Mol.Cell Endocrinal.168:
127- 134.

[10]. Malik, R. and Hodgson, H. (2002) The relationship
between the thyroid gland and the liver. Q. J. Med.
95: 559-569.

[11]. Luna, L.G. (1968) Manual of Histological Staining
Methods of the Armed Forces Institute of

Pathology. (3rd Ed.). McGraw – Hill Book
Company. New York.

[12]. Boler, R.K. and Moore. N.A. (1982) Depression of
adrenocortical function by pharmacologic doses of
thyroxine in intact and unilaterally
adrenalectomized rats. Hormone Research .16 .209–
218.

[13]. Johnson, E. O., Kamilaris, T. C., Calogero, A. E.,
Gold, P. W. and Chrousos, G. P. (2005)
Experimentally-induced hyperthyroidism is
associated with activation of the rat hypothalamic–
pituitary–adrenal axis. European Journal of
Endocrinology. 153(1): 177-185.

[14]. Malik, R. and Hodgson, H. (2002) The relationship
between the thyroid gland and the liver. Q. J. Med .
95: 559-569.

[15]. Bech, K., Damsbo, P., Eldrup, E. (1996) Beta cell
function and glucose and lipid oxidation in Grave’s
disease. Clin. Endocrinol. 44: 59-66.

[16]. Mokuno, T., Uchimura, K., Hayashi, R., Hayakawa,
N., Makino, M., Nagata, M. (1999) Glucose
transporter 2 concentrations in hyper- and
hypothyroid rat livers. J. Endocrinol; 160: 285-289.

[17]. Jorns,   A., Tiedge, M. and Lenzen, S. (2002)
Thyroxine induces pancreatic beta cell apoptosis in
rats. Diabetologia. 45: 851-855.

[18]. Roubsanthisuk, W., Watanakejorn, P., Tunlakit, M.
and Sriussadaporn, S. (2006) Hyperthyroidism
Induces Glucose Intolerance by Lowering Both
Insulin Secretion and Peripheral Insulin Sensitivity.
J. Med. Assoc .Thai. 89 Suppl 5: S133-140.

[19]. Kobori, H., Ichihara, A., Miyashita, Y., Hayashi, M.
and Saruta, T. (1998) Mechanism of
hyperthyroidism – induced renal hypertrophy in
rats. Journal of Endocrinology. 159: 9-14.

[20]. Carneiro-Ramos, M.S., Silva, V.B., Santos, R.A.
and Barreto-Chaves, M.L. (2006) Tissue-specific
modulation of angiotensin-converting enzyme
(ACE) in hyperthyroidism. Peptides. 27(11):2942-
2949.

[21]. Farwell, A. P. and Dubord-Tomasetti, S. A. (1999)
Thyroid hormone regulates the extracellular
organization of laminin on astrocytes.
Endocrinology. 140: 5014–5021.

[22]. Smith, J.W., Evans, A.T., Costall, B. and Smythe,
I.W. (2002) Thyroid hormones, brain function and
cognition: a brief review.  Neuroscience and
Behavior Review. 26:45-60.



G.J.B.B., VOL.2 (3) 2013: 431-437 ISSN 2278 – 9103

437

[23]. Marta, C. B., Adamo, A. M., Soto, E. F. and
Pasquini, J.M. (1998) Sustained neonatal
hyperthyroidism in the rat affects myelination in the
central nervous system. 53(2): 251 – 259.

[24]. Huffman, L.J., Ludy, D.J., Rao K, M.K., Frazer,
D.G. and Goldsmith, W.T. (2000) Lung responses
to hypothyroidism, hyperthyroidism and
lipopolysaccharide challenge in rats. J. Toxicol.
Environ. Health. A. 61: 623–639.

[25]. Gultekin, A., Yuksel, M., Mert, S. and Berkarda, S.
(2005) Evaluation of alveolo-capillary permeability
in thyrotoxicosis using Tc-99m DTPA aerosol
scintigraphy. Annals of Nuclear Medicine
19(3):193–196.

[26]. Ernst, P. B., Underdown, B. J. and Biennenstock, J.
(1987) Immunity in Mucosal tissue in: Stites, D.P.;
Stobo, J.D.; and Wells, J.V. Basic and Clinical
Immunology.( 6th ed). Lange Medical
book.California.

[27]. Marco, A.J., Domingo, M., Prats, M., Briones, V.,
Pumaro, A.M. and Dominguez, L. (1991)
Pathogenesis of lymphoid lesion in murine
experimental literalism . J.Comp. Path. 107:1-9.

[28]. Klein, I. and Ojamaa, K. (2001) Thyroid hormone
and the cardiovascular system. N. Engl .J. Med.
344: 501–509.

[29]. Biondi, B., Palmieri, E. A., Lombardi, G. and Fazio,
S. (2002) Effects of thyroid hormone on cardiac
function: the relative importance of heart rate,
loading conditions, and myocardial contractility in
the regulation of cardiac performance in human
hyperthyroidism. J. Clin. Endocrinol. Metab. 87:
968–974.

[30]. Kiss, E., Brittsan, A.G., Edes, I., Grupp, I. L.,
Grupp, G., and Kranias, E.G. (1998) Thyroid
hormone-induced alterations in phospholamban-
deficient mouse hearts. Circ. Res. 83: 608–613.

[31]. Liang, F., Webb, P., Marimuthu, A., Zhang, S. and
Gardner, D. G. (2003) Triiodothyronine increases
brain natriuretic peptide (BNP) gene transcription
and amplifies endothelin-dependent BNP gene
transcription and hypertrophy in neonatal rat

ventricular myocytes. J. Biol. Chem. 278:15073–
15083.

[32]. Longcope, C. (2000) The male and female
reproductive systems in thyrotoxicosis. In:
Braverman LE, Utiger RD, editors. Werner and
Ingbar’s, the thyroid, 8th ed. Philadelphia:
Lippincott Williams & Wilkins. Pp. 652–659.

[33]. Ariyaratne, H.B.S., Mendis-Handagama, S.M.L.C.
and Mason, J.I. (2000) Effects of Tri-Iodothyronine
on Testicular Interstitial Cells and Androgen
Secretory Capacity of the Prepubertal Rat . Biology
of Reproduction. 63: 493-502.

[34]. Longcope, C. (2000) The male and female
reproductive systems in hypothyroidism. In:
Braverman LE, Utiger RD, editors. Werner and
Ingbar’s, the thyroid, 8th ed. Philadelphia:
Lippincott Williams & Wilkins. Pp . 824–828.

[35]. Fallah-Rad, A.H., Connor, M. L. and Del Vecchio,
R.P. (2001) Effect of transient early
hyperthyroidism on onset of puberty in Suffolk ram
lambs. Reproduction. 121: 639-646.

[36]. Oliveira, T. S., Nunes, V. A., Nascimento, E. F. and
Serakides, R. (2005) Histomorfometria e
histoquímica da tuba uterina e do útero de ratas
púberes e prépúberes induzidas ao hipertireoidismo.
Arq. Bras. Med. Vet. Zootec., 57(4):448-456.

[37]. Safer, J. D., Fraser, L.M., Ray, S. and Holick, M. F.
(2001) Topical triiodothyronine stimulates
epidermal proliferation, dermal thickening, and hair
growth in mice and rats. Thyroid. 11:717–724.

[38]. Safer, J. D., Crawford, T.M., Fraser, L.M., Hoa, M.,
Ray, S., Chen, T.C., Persons, K. and Holick, M.F.
(2003) Thyroid hormone action on skin: diverging
effects of topical versus intraperitoneal
administration. Thyroid. 13:159–165.

[39]. Faergemann, J., Sarnhult, T., Hedner, E., Carlsson,
B., Lavin, T., Zhao, X. E.  and Sun, X.Y.( 2002)
Dose-response effects of tri-iodothyroacetic acid
(Triac) and other thyroid hormone analogues on
glucocorticoid-induced skin atrophy in the haired
mouse. Acta. Derm.Venereol .82:179–183.


