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Evaluate the propylthiouracil on thyroid, liver and kidney functions in
male rabbits

Abstract

This work was conducted to investigate the effect of Propylthiouracil thyroid kidney and liver
functions in male rabbits. Fifteen (15) rabbits were divided into three groups: a control group,
which received tap water only, a low-dose group that received 50 mg/kg oral propylthiouracil
and a high-dose group, which received 100 mg/kg oral propylthiouracil. Rabbits were dosed
daily for three weeks. After the three-weeks period, the rabbits were sacrificed and blood
samples were collected for hormonal and biochemical analysis. Showed changes in liver
enzymes as a result of liver tissue damage. Propylthiouracil caused an increase in creatinine
concentration, alkaline phosphatase levels, and liver enzyme levels. PTU treatment had no
significant effect on the mean urea concentration level. In view of the changes summarized,
the increase or decrease in this parameter arises from the reduction in the level of thyroid

hormones which, in turn, affect most body tissues.

Keywords: Hypothyroidism, Propylthiouracil, PUT, liver, kidney, Thyroid hormones.
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Introduction

Thyroid hormones (THs) (thyroxine and triiodothyronine, T4, and T3) govern lipid and
carbohydrate metabolism and are required for different physiological activities like growth,
development, and reproduction [1]. They regulate the rate of tissue oxygen consumption,
which controls the body's metabolism rate.

Hypothyroidism is defined by a decrease in the serum level of thyroid hormones (T4) and
(T3) due to impaired thyroid hormone production and secretion. Hypothyroidism is classified
into two types: primary and secondary (central) hypothyroidism. Primary hypothyroidism is
caused by a thyroid gland problem. Primary hypothyroidism can be caused by autoimmune
thyroiditis, iodine shortage, thyroidectomy, and the use of certain medicines, such as
thionamides, lithium, and iodine-containing pharmaceuticals. Clinical hypothyroidism or
subclinical hypothyroidism are the two basic types [2, 3].

Weight gain, a decrease in resting energy expenditure, decreased gluconeogenesis, and
lipolysis are all symptoms of this illness. Obesity and lipid metabolism problems, which are
components of metabolic syndrome, can be caused by thyroid dysfunction [4].
Hypothyroidism impairs triglyceride clearance and fatty acid oxidation by reducing lipolysis
and gluconeogenesis, as well as increasing hepatic triglyceride buildup and low-density
lipoprotein reuptake [5].

Antithyroid medications like methimazole and propylthiouracil (6-Propyl-2-thiouracil) (PTU)
are one of the antithyroid pharmaceuticals utilized by researchers to treat hyperthyroidism
[6]. PTU prevents the thyroid gland from producing fresh thyroid hormones. It works on the
periphery by preventing the conversion of T4 to T3. It has an influence on thyroid hormones
that are stored in the thyroid gland or that circulate in circulation [7]. It was regularly
employed to create a hypothyroidism animal model that could be used to test the efficacy of
new therapies or medications [8].

The thyroid and renal functions have long been recognized to interact. Thyroid hormones are
important in kKidney growth and function, and the kidney is generally involved in thyroid
hormone metabolism, degradation, and excretion. PTU-induced hypothyroidism can also lead
to kidney failure, which can be caused by vasculitis, lupus nephritis, or necrotizing

glomerulonephritis with pulmonary bleeding [9]. Renal blood flow, glomerular filtration rate,
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water and electrolyte balance, and kidney structure are all affected by hypothyroidism [10]. It

also caused hypernatremia and elevated serum creatinine levels [11]. Furthermore, in
humans, the increase in serum creatinine levels is reversible [12]. Furthermore, some authors
have claimed that an increase in serum creatinine is linked to subclinical hypothyroidism
[13].

Thyroid hormones affect hepatic function by regulating the basal metabolic rate of
hepatocytes, and the liver, in turn, metabolizes thyroid hormones and regulates their
activities. As a result, thyroid failure can disrupt hepatic functions, and hepatic disorders can
negatively impact thyroid function [14]. As a result, it's not unexpected that hepatic
impairment is widespread among thyroid illness patients [15]. Previous research suggests that
rather than cholestasis, PTU-induced hepatotoxicity is likely to be hepatocellular at the level
of mitochondrial injury [16]. PTU also promotes lipid peroxidation in the liver, which puts
the liver tissue under oxidative stress. On the other hand, there is no specific antidote for
hepatic harm caused by PTU, PTU-induced liver failure and death have been reported in
some cases [17].

This study aims to investigate the effect of propylthiouracil -induced hypothyroidism on the
physiological variables of kidney and liver parameters in male rabbits.

Materials and Methods

Animals

Six month old, healthy, Local male rabbits (15), (weighing between 1.5-2.0kg) were obtained
from a local breeder and were maintained in individual cages in a room with normal
temperature and light/dark cycles. The rabbits were given access to water and food ad
libitum. The animals were kept and maintained under normal conditions for four weeks
before the experiment.

Chemicals

Propylthiouracil (6-n-propyl-2-thiouracil; PTU), is an antithyroid (goitrogen) agent (Thyrocil
tablets from Amoun Pharmaceutical Co., Egypt) was obtained from a local Pharmacy.
Experimental Procedure

The rabbits were weighed and divided randomly into three groups (5 rabbits each): 1- control

(received tap water only), 2- low dose group (received 50 mg/Kg of PTU orally), and 3- high
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dose group (received 100 mg/kg PTU orally) [18]. But before receiving the PTU, blood

samples were withdrawn from the vein of the ear to determine the levels of TSH, T3, T4
Liver and Kidney function were dosed with PTU for 3 weeks [19]. After the end of the 3
weeks, the rabbits were slaughtered and blood samples were taken from the 3 groups. From
each rabbit (8ml) into tubes without EDTA for biochemical and hormonal parameters. The
liver was dissected out, weighed and placed in vials containing 10% neutral formalin as a
fixative until used for histological studies.

Hormones

T3, T4, and TSH were measured automatically using Elecsys2010 (RD/Hitachi Immunoassay
System 2010 from Roche Diagnostics/Hitachi, Japan).

Biochemical parameters

Determination of kidney function

Creatinine concentration was assessed using the method of Murray [20]. The method
described by Fawcett and Scott [21]. It was used to determine the concentration of urea in the
blood,

Determination of liver function

The activity of alanine aminotransferase (ALT; EC 2.6.1.2) and aspartate aminotransferase
(AST; EC 2.6.1.1 were measured according to the method of [22]. The alkaline phosphatase
(ALP; EC 3.1.3.1) activity in the serum was assayed by a kinetic method using commercial
kits (BioSystems S.A Costa Brava, Barcelona, Spain) according to the International
Federation of Clinical Chemistry [23].

Histological Studies

Fixed livers were dehydrated through ascending grades of ethyl alcohol till absolute alcohol
(1 hr each) then transferred to xylene (3 changes, 5 minutes each). The specimens were then
transferred to a mixture of melted wax and xylene (1:1) in an oven (600C) for 10 minutes.
After that, they were transferred into 3 changes of paraffin wax for 2 hours. Finally, the
materials were sectioned at a thickness of 5 microns. Sections were then stained with Harris

haematoxylin and counter stained with Eosin [24].
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Statistical Analysis

Statistical analysis was performed using a computer run program (GraphPad Prism version
4.00, GraphPad software, San Diego, USA). One way ANOVA followed by Tukey, HSD test
was performed to show the statistical significance among the means of the groups. Results
were expressed as mean + Standard error of the mean (SEM). A P-value below 0.05 was
considered to be statistically significant.

Results

The drug PTU is known to lower the levels of thyroid hormones; therefore, it was important
to determine the level of these hormones before and after treatment. Figure 1 represents the
levels of T3 in the sera of the rabbits before and after treatment with PTU. There were no
significant differences between the means of the 3 groups (P> 0.05) before treatment. There
was no significant difference between the levels of T3 in the serum of the control group
before and after treatment with PTU. However, PTU significantly reduced the level of T3 in
the low dose- treated group (P= 0.0371) and in the high dose-treated group (P= 0.004). The
levels of T4 are represented in Figure 2. There was no significant difference between the two
levels of the control group. However, PTU at 50 mg/kg highly significantly reduced the level
of T4 (P= 0.0008). The 100 mg/kg dose also significantly reduced the levels of T4 (P<
0.0001). The results of the effect of PTU on the levels of TSH are shown in Figure 3. The 50
mg/kg PTU increased significantly the TSH levels (P= 0.001). The 100 mg/kg dose also
increased significantly (P= 0.0028) the levels of TSH.

The effect of PTU on the kidney function tests (Creatinine and Urea) was also
studied. Figure 4 represents the result of the effect of PTU on Creatinine. There was no
significant difference between the mean of the control group and that of the low dose-
treated group (P> 0.05). However, there was a significant difference between the mean
of the control group and the mean of the 100 mg/kg-treated group (P=0.0003). Also,
there was a significant difference between the means of the two treated groups (P=
0.0177). A bout regard to the concentration of the Urea (mg/dl) there were no

significant differences between the means of the 3 groups (P> 0.05) (Figure 5).
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Figure 6 represents the effect of the two different doses of PTU on the activity of the

enzyme AST. The level of AST (nmol/L) in the serum of the control group increased in the
low dose- and high dose-treated rabbit. There was significant difference (P= 0.013) between
the level of the control group and that of the low dose treated group. Though the level of the
enzyme in the serum of the high dose- treated rabbits was higher than that of the control
groups, this difference, however, was not statistically significant (P> 0.05). There was no
significant difference between the level of the low dose treated and that of the high-dose
treated rabbits (p> 0.05). A Similar trend was observed for the enzyme ALT (Figure 7).
There was significant difference between the mean level of the control group and that of the
low dose-treated group (P=0.0292). There were no significant differences between the mean
level of the control group and that of the high dose- treated group, and between the mean
level of the low dose- and that of the high dose treated group (P> 0.05).

With concerning to the enzyme ALP (Figure 8), the activity (nmol/L) in the control group
increased significantly (P= 0.0003) in the high dose-treated rabbits. There was no significant
difference between the mean of the control group and that of the low dose treated group.
There was significant difference between the means of the two treated groups.

The changes in liver enzymes as result of treatment with PTU could be a result of changes in
the tissues of the thin organ. This was confirmed by the changes in histological sections of
the liver from the control and treated rabbits (Figure 9, 10, 11). These changes included

congestion, dilated hepatic sinusoid, hemorrhage, and necrosis.
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Figure 1: The mean concentrations of T3 in the sera of the rabbits before and after
treatment with PTU. Result are mean = SEM. Asterisks indicate significant

differences before and after treatment within the same group.

50 9

40 A

0 A

20 A

TainmalfL)

& & &% K & &
<& & & & & o
= 2 = o <
<« & L & & &
& Iy Ry & 3
s \Bl(v B,&o 2T P &‘%
O &3 o -]
oF & > a & %
& il 2 ¥ >
) P S & o
& o o o >
i D) ~

Treatment

Figure 2: The levels of T, in the sera of the rabbits before and after treatment with
PTU. Result are mean + SEM. Asterisks indicate significant differences before and

after treatment within the same group.
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Figure 3: The amount of TSH in the sera of the rabbits before and after treatment with

PTU. Result are mean + SEM. Asterisks indicate significant differences before and

after treatment within the same group.
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Figure 4: The mean concentrations Creatinine in the sera of the control and PTU-

treated rabbits after 3 weeks treatment period. Results are mean + SEM. Similar letters

indicate no significant differences between the means, while different letters indicate

significant differences.
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Figure 5: The mean concentrations of urea in the sera of the control and PTU-treated
rabbits after 3 weeks treatment period. Results are mean £ SEM. There were no significant

differences between the means.
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Figure 6: The mean activity of the enzyme Aspartate aminotransferase (AST) in the
sera of the control and PTU-treated rabbits after 3 weeks treatment period. Result are
mean + SEM.Similar letters indicate no significant differences between the means,

while different letters indicate significant differences.
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Figure 7: The mean activity the enzyme alanine aminotransferase (ALT) in the sera of
the control and PTU-treated rabbits after 3 weeks treatment period. Result are mean +
SEM. Similar letters indicate no significant differences between the means, while

different letters indicate significant differences.
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Figure 8: The mean activity of the alkaline phosphatase (ALP) in the serum of the control
and PTU treated rabbits after 3 weeks treatment period. Result are mean + SEM. Similar
letters indicate no significant differences between the means, while different letters indicate

significant differences.
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Figure 9: Photomicrograph of a section in the liver of rabbit from control group showing

normal structure of hepatic cells and central vein (H & E, X 400).

Figure 10 : Photomicrograph of a section in the liver of rabbit treated daily with PTU (50
mg/kg) for 3 weeks showing congestion (C), dilated hepatic sinusoid (Arrow) and
haemorrhage (H) (H & E, X 400).
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Figure 11: Photomicrograph of a section in the liver of rabbit treated daily with PTU (100

mg/kg) for 3 weeks showing distorted liver architecture with inflammatory infiltration cells
(Arrow) and haemorrhage (H) with some necrotic areas (N) (H & E, X 400).
Discussion

This study was conducted to investigate the effect of induced hypothyroidism on liver

enzymes and the histological structure of the liver. Hypothyroidism was induced using PTU.

PTU inhibits the production of new thyroid hormones in the thyroid gland. It acts by
inhibiting the enzyme thyroid peroxidase, which usually functions to convert iodide to iodine
molecule and incorporate the iodine molecule into amino acid tyrosine. Hence, diiodotyrosine
(DIT) or monoiodotyrosine (MIT) does not get produced, which are the main constituents in
the production of T4 and T3 [25].

The kidney function tests (creatinine and urea) were also carried out in animals treated with
PTU. In this study, PTU had no significant effect on urea concentration but caused a
significant increase in the concentration of creatinine. In rats Salama et al. [26] reported
significant increases in the concentrations of both creatinine and urea after treatment with
PTU. Similar results were also reported by Mohebbati et al. [27] and Schmitt et al. [28].
Many case reports document increased levels of serum creatinine with hypothyroidism in
humans [29]. Thyroid hormones affect renal function by both pre-renal and direct renal
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effects. Pre-renal effects are mediated by the influence of thyroid hormones on the

cardiovascular system and renal blood flow (RBF). The direct renal effects are mediated by
the effect of thyroid hormones on glomerular filtration rate (GFR), tubular secretory and re-
absorptive processes, as well as the hormonal influences on renal tubular physiology [30].
The RBF is reduced in hypothyroidism by decreased cardiac output, increased peripheral
vascular resistance [31], intrarenal vasoconstriction [32], reduced renal response to
vasodilators [33], and a reduced expression of renal vasodilators such as vascular endothelial
growth factor (VEGF) [34].

Liver function enzymes were significantly increased in the animals treated with PTU. In a
study to evaluate the effect of thyroid dysfunction on liver function tests, Ajala et al. [35]
found that hypothyroidism caused a significant increase in the plasma concentrations of livers
enzymes activities. Nambiar et al. [36] also reported that PTU treatment caused slight
increases in serum ALT and ALP in male rats. Another report in rats that were administered
PTU for a month described alterations in select hematologic/serum biochemical parameters
including increased ALT and AST [37]. Recently, Farrag et al. [38] observed hepatic lesions
in the form of severe congestion in the central vein and hepatic artery, and hepatocellular
necrosis in rabbits treated with PTU. Such lesions were dependent on the doses of PTU.

Karamikhah et al. [39] reported that acute exposure to PTU caused damage to the liver of
mice as evidenced by the increase in ALT, the occurrence of significant lipid peroxidation,
and hepatic glutathione depletion. The mentioned changes were endorsed by
histopathological lesions of the liver which were mainly manifested as pre-portal
inflammation. The mechanism(s) by which PTU causes hepatic injury is not clear yet [40,
41]. Previous studies suggest that the nature of PTU-induced hepatotoxicity is hepatocellular
rather than cholestatic [42]. Some investigations observed the involvement of mitochondrial
injury in PTU-induced hepatic damage [43]. The role of metabolism is also indicated to be
involved in PTU-induced liver-injury [44]. Moreover, defects in cellular defense mechanisms

might be involved in PTU damage.
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Conclusion: In view of the changes summarized, the increase or decrease in these parameters

may be attributed to a hypometabolic state which arises from the reduction in the level of
thyroid hormones which, in turn, affect most body tissues. Therefore, those who suffer from
hypothyroidism should make a routine check to these parameters to make sure that they are in

the normal ranges.



VA Bl t,

University of Benghazi olkiy dxaly
Faculty of Education Almar; ! asall — gl &412
Global Libyan Journa/ ISSN 2518-5845
Global Libyan Journal dgallell dgglll Alsall
2022 | sy | gomarlly uulall muxll
Reference

[1]: Mancini. A, Di Segni. C, Raimondo. S, Olivieri. G, Silvestrini. A, Meucci. E, and Curro.
D, 2016” Thyroid hormones, oxidative stress, and inflammation”. Mediators of
Inflammation, 2016.

[2]: Chaker. L, Bianco. A.C, Jonklaas. J, and Peeters. R.P, 2017” Hypothyroidism. Lancet,
390(10101),1550-1562.

[3]: Kostoglou-Athanassiou. I, and Ntalles. K, 2010” Hypothyroidism - new aspects of an old
disease”. Hippokratia, 14:82-87

[4]: D'Ambrosio. R, Campi. I, Maggioni. M, Perbellini. R, Giammona. E, Stucchi. R, and
Lampertico. P,” 2021 The relationship between liver histology and thyroid function tests in
patients with non-alcoholic fatty liver disease (NAFLD)”. Public Library of Science One,
16(4), 0249614.

[5]: Kizivat. T, Maric. I, Mudri. D, Curcic. 1.B, Primorac. D, and Smolic. M, 2020~
Hypothyroidism and Nonalcoholic Fatty Liver Disease: Pathophysiological Associations and
Therapeutic Implications”. Journal of Clinical and Translational Hepatology, 8(3), 347.

[6]: Boas. M, Feldt-Rasmussen. U, and Main. K.M, 2012”. Thyroid effects of endocrine
disrupting chemicals”. Molecular Cell Endocrinology, 355(2),240-248.

[7]: Allelein. S, and Schott. M, 1946 Update graves’ disease 2019” Dtsch Med Wochenschr
(1946), 144:152-155.

[8]: Das. K, and Chainy. G.B. 2001” Modulation of rat liver mitochondrial antioxidant
defence system by thyroid hormone”. Biochimica et Biophysica Acta (BBA)-Molecular Basis
of Disease, 1537(1), 1-13.

[9]: Yu. F, Chen. M, Gao. Y, Wang. S.X, Zou. W.Z, Zhao. M.H, and Wang. H.Y, 2007~
Clinical and pathological features of renal involvement in propylthiouracil-associated
ANCA-positive vasculitis”. American Journal of Kidney Diseases, 49(5), 607-614.

[10]: Vargas. F, Moreno. J.M, Rodriguez-Gomez. |, Wangensteen. R, Osuna. A, Alvarez-
Guerra. M, and Garcia-Estan. J, 2006” Vascular and renal function in experimental thyroid

disorders”. European Journal of Endocrinology, 154(2), 197-212.



VA Bl t,

University of Benghazi Lolisg dzaly
Faculty of Education Almar; N asall — dgyill igl2
Global Libyan Journs! ISSN 2518-5845

Global Libyan Journal dgallell &gy lll &lyall

2022 | s3lyss | @omardly uslall szl
[11]: Basu. G, and Mohapatra. A, 2012 Interactions between thyroid disorders and kidney

disease”. Indian Journal of Endocrinology and Metabolism, 16(2), 204.

[12]: Karanikas. G, Schutz. M, Szabo. M, Becherer. A, Wiesner. K, Dudczak. R, and Kletter.
K, 2004” Isotopic renal function studies in severe hypothyroidism and after thyroid hormone
replacement therapy” American Journal of Nephrology, 24(1), 41-45.

[13]: Verhelst. J, Berwaerts. J, Marescau. B, Abs. R, Neels. H, Mahler. C, and De Deyn. P.P,
1997 Serum creatine, creatinine, and other guanidino compounds in patients with thyroid
dysfunction”. Metabolism, 46(9), 1063-1067.

[14]: Malik. R, and Hodgson. H, 2002” The relationship between the thyroid gland and the
liver”. QIM: An International Journal of Medicine, 95(9), 559-569.

[15]: Ibrahim. M.O, AHMED. S.A., and IDRIS. O.F, 2016 Assessment of Liver Enzymes
Levels among Sudanese hyperthyroidism Patients”. British Journal Medical Health
Research, 3, 49-56.

[16]: Mete. U.O, Kaya. M, Colakoglu. S, Polat. S, Tap. O, Ozbilgin. M.K, and Ozgiir. G,
1993 Ultrastructure of the liver in the propylthiourcil induced hepatitis”. Journal Island
Academy of Sciences, 6, 268-276.

[17]: Rivkees. S.A, and Mattison. D.R, 2009” Ending propylthiouracil-induced liver failure in
children”. New England Journal of Medicine, 360(15), 1574-1575.

[18]: Blouquit. M.F, Valens. M, Bagayoko. A, and Gripois. D, 1990” Adrenal tyrosine
hydroxylase activation in the developing rat: influence of the thyroid status”. Journal of
Developmental Physiology, 14(6), 325-329.

[19]: Celik. I, Tiirkoglu. V, and yegin. E. 2000 Effects of propylthiouracil-induced
hypothyroidism on plasma lipid table in rabbits”. Turkish Journal of Veterinary and Animal
Sciences, 24(2), 149-152.

[20]: Murray, R.L, 1984” Creatinine In: Kaplan, L.A., Pesce, A.J. (Eds.) Clinical chemistry;
theory, analysis and correlation”. CV Mosby Co., St. Louis, 1247-1253.

[21]: Fawcett. J, and Scott. J, 1960 A rapid and precise method for the determination of
urea”. Journal of Clinical Pathology, 13(2), 156-159.



VA Bl t,

University of Benghazi Lolisg dzaly
Faculty of Education Almar; N asall — dgyill igl2
Global Libyan Journs! ISSN 2518-5845

Global Libyan Journal dgallell &gy lll &lyall

2022 | sy | gomarlly uulall muxll
[22]: Bergmeyer. H.U, Herder. M, and Ref. R, 1986 International federation of clinical
chemistry (IFCC)”. Journal of Clinical Chemistry and Clinical Biochemistry, 24(7), 497-
510.
[23]: Tietz. N.W, Rinker. A.D, and Shaw. L.M, 1983 International Federation of Clinical
Chemistry. IFCC methods for the measurement of catalytic concentration of enzymes. Part 5.

IFCC method for alkaline phosphatase (orthophosphoric-monoester phosphohydrolase,
alkaline optimum, EC 3.1. 3.1). IFCC Document Stage 2, Draft 1, 1983-03 with a view to an
IFCC Recommendation”. International Journal of Clinical Chemistry, 135(3), 339-367.

[24]: Harris. H.F, 1900 On the rapid conversion of haematoxylin into haematein in staining
reactions”. Journal Applied Microscopy, 3,777-780.

[25]: Yoshihara. A, Luo. Y, Ishido. Y, Usukura. K, Oda. K, Sue. M, and Suzuki. K, 2019”
Inhibitory effects of methimazole and propylthiouracil on iodotyrosine deiodinase 1 in
thyrocytes”. Endocrine Journal, 18-0380.

[26]: Salama. A.F, Tousson. E, Ibrahim. W, and Hussein. W.M, 2013” Biochemical and
histopathological studies of the PTU-induced hypothyroid rat kidney with reference to the
ameliorating role of folic acid”. Toxicology and industrial health, 29(7), 600-608.

[27]: Mohebbati. R, Hosseini. M. D, Haghshenas. M, Nazariborun. A, and Beheshti. F, 2017~
The effects of Nigella sativa extract on renal tissue oxidative damage during neonatal and
juvenile growth in propylthiouracil-induced hypothyroid rats”. Endocrine Regulations, 51(2),
105-113.

[28]: Schmitt. R, Klussmann. E, Kahl. T, Ellison. D.H, and Bachmann. S, 2003 Renal
expression of sodium transporters and aquaporin-2 in hypothyroid rats”. American Journal of
Physiology-Renal Physiology, 284(5), 1097-1104.

[29]: Kreisman. S.H, and Hennessey. J.V, 1999 Consistent reversible elevations of serum
creatinine levels in severe hypothyroidism™. Archives of Internal Medicine, 159(1), 79-82.
[30]: Crowley. J.r, W.F, Ridgway. E.C, Bough. E.W, Francis. G.S, Daniels. G.H, Kourides.
I.LA, and Maloof. F, 1977 Noninvasive evaluation of cardiac function in hypothyroidism:

response to gradual thyroxine replacement”. New England Journal of Medicine, 296(1), 1-6.



VA Bl t,

University of Benghazi Lolisg dzaly
Faculty of Education Almar; N asall — dgyill igl2
Global Libyan Journs! ISSN 2518-5845

Global Libyan Journal dgallell &gy lll &lyall

2022 | sy | gomarlly uulall muxll
[31]: Diekman. M.M, Harms. M.M, Endert. E, Wieling. W, and Wiersinga. W.M, 2001”
Endocrine factors related to changes in total peripheral vascular resistance after treatment of

thyrotoxic and hypothyroid patients”. European Journal of Endocrinology, 144(4), 339-346.
[32]: Singer. M.A, 2001” Of mice and men and elephants: metabolic rate sets glomerular
filtration rate”. American Journal of Kidney Diseases, 37(1), 164-178.

[33]: Klein. I, and Ojamaa. K 2001” Thyroid hormone and the cardiovascular system”. New
England Journal of Medicine, 344(7), 501-509.

[34]: Schmid. C, Brandle. M, Zwimpfer. C, Zapf. J, and Wiesli. P, 2004” Effect of thyroxine
replacement on creatinine, insulin-like growth factor 1, acid-labile subunit, and vascular
endothelial growth factor”. Clinical Chemistry, 50(1), 228-231.

[35]: Ajala. M.O, Ogunro. P.S, and Fasanmade. O.A, 2013” Relationship between liver
function tests and thyroid hormones in thyroid disorders”. The Nigerian postgraduate medical
journal, 20(3), 188-192.

[36]: Nambiar. P.R, Palanisamy. G.S, Okerberg. C, Wolford. A, Walters. K, Buckbinder, L,
and Reagan. W.J, 2014” Toxicities associated with 1-month treatment with propylthiouracil
(PTU) and methimazole (MMI) in male rats”. Toxicologic Pathology, 42(6), 970-983.

[37]: Abou-Auda. H.S, and Abou-Shaaban. R.R, 2006 Effect of abouthiouline, a novel drug
with therapeutic potential as antithyroid, on some biochemical and hematologic parameters in
mice and rats”. Saudi Pharmaceutical Journal, 14(1), 34.

[38]: Farrag. O, Salman. D, Ali. F.Z, Sayed. A, Mahmoud. M.E, and A Abd-El Raheem. A.R,
2020” Impact Of Continuous Treatment With Propylthiouracil On Renal And Hepatic
Functions In Rabbits”. Journal of Applied Veterinary Sciences, 5(2), 49-60.

[39]: Karamikhah. R, Jamshidzadeh. A, Azarpira. N, Saeidi. A, and Heidari. R, 2015~
Propylthiouracil-induced liver injury in mice and the protective role of taurine”.
Pharmaceutical Sciences, 21(2), 94-101.

[40]: Heidari. R, Jamshidzadeh A, Keshavarz. N, and Azarpira. N, 2014a” Mitigation of
Methimazole-Induced Hepatic Injury by Taurine in Mice”. Pharmaceutical Sciences, 83,143-
158.



VA Bl t,

University of Benghazi olkiy dxaly
Faculty of Education Almarj 3 asall — &gyl &412
Global Libyan Journa! ISSN 2518-5845

Global Libyan Journal dgallell &gglll &lyall

2022 | solyss | gmarlly guulall suxll
[41]: Heidari. R, Niknahad. H, Jamshidzadeh. A, and Abdoli. N, 2014b” Factors affecting
drug-induced liver injury: antithyroid drugs as instances”. Clinical and Molecular
Hepatology, 20,237-248.
[42]: Jonas. M.M, and Eidson. M.S, 1988” Propylthiouracil hepatotoxicity: two pediatric

cases and review of the literature”. Journal of Pediatric Gastroenterology and Nutrition, 7(5),
776-779.

[43]: Mete. U. O, Kaya. M, Colakoglu. S, Polat. S, Tap. O, and OZbilgin.

M. K, 1993 “Ultrastructure of the liver in the propylthiourcil induced hepatitis”. Journal of
Island Academic Science, 6,268-276.

[44]: Heidari. R, Niknahad. H, Jamshidzadeh. A, Eghbal. M.A, and Abdoli. N, 2015” An
Overview on the Proposed Mechanisms of Antithyroid Drugs-Induced Liver Injury”.
Advanced Pharmaceutical Bulletin, 15,1-11.



