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Summary: In this study, it was aimed to interpret the effects of hypothyroidism and hyperthyroidism on hematological 

parameters in rats. A total of 42 male Wistar rats were divided into 3 equally groups as euthyroid, hypothyroid, hyperthyroid. 

Hypothyroidism and hyperthyroidism were induced by 6-n-propyl-2-thiouracil (PTU; 0,05%, w/v) and L-thyroxine (L-T4; 0,0012%, 

w/v) received in drinking water, respectively. Blood samples were withdrawn from 7 rats of each group at the end of 3rd and 6th 

weeks for determination of the hematological parameters and serum hormone profiles. Among the 3rd week groups only percentage 

of monocyte was increased (p<0.05) in the hypothyroid group when compared to the euthyroid group. In the 6th week hypothyroid 

group, red blood cell (RBC) counts, hemoglobin (Hb) concentration, hematocrit (Hct) value and percentage (%) of red cell 

distribution width (RDW) were lower (p<0.05) than the 6th week euthyroid and hyperthyroid groups. However, plateletcrit (PCT) % 

was higher (p<0.05) in the 6th week hypothyroid group compared to the 6th week euthyroid group. In the 6th week hyperthyroid 

group, mean corpuscular hemoglobin concentration (MCHC) and platelet (PLT) counts were lower (p<0.05) than the 6th week 

hypothyroid group. In the 6th week hyperthyroid group percentage of lymphocyte was decreased (p<0.05) and percentage of 

granulocyte was increased (p<0.05) when compared to the 6th week euthyroid group. In conclusion, elongation of the treatment 

duration with PTU and L-T4 could lead to changes on some hematological parameters. However, these values remained within 

physiological ranges. 

Keywords: Propylthiouracil, rat hematology, red blood cells, thyroid status. 

Ratlarda hipotiroidizm ve hipertiroidizmin hematolojik parametreler üzerine etkileri 

Özet: Bu çalışmada, hipotiroidizm ve hipertiroidizmin ratların hematolojik parametreleri üzerine etkilerini yorumlamak 

amaçlanmıştır. Toplam 42 adet erkek Wistar rat, ötiroid, hipotiroid ve hipertiroid olarak 3 eşit gruba ayrıldı. Hipotiroidizm ve 

hipertiroidizm sırasıyla 6-n-propil-2-tiourasil (PTU; % 0,05, w/v) ve L-tiroksin (T4; % 0,0012, w/v) içme sularına katılarak 

gerçekleştirildi. Hematolojik parametrelerin ve serum hormon profillerinin belirlenmesi için her grupta 7 rattan, 3. ve 6. haftanın 

sonunda kan örnekleri toplandı. Üçüncü hafta grupları arasında, yalnızca hipotiroid grubunun monosit yüzdesi ötiroid grubuna 

kıyasla arttı (p<0.05). Altıncı hafta hipotiroid grubunda, alyuvar (RBC) sayısı, hemoglobin (Hb) konsantrasyonu, hematokrit (Hct) 

yüzdesi ve alyuvar dağılım genişliği (RDW) yüzdesi, 6. hafta ötiroid ve hipertiroid grubuna nazaran düşüktü (p<0.05). Ancak, 6. 

hafta hipotiroid grubundaki plateletkrit (PCT) yüzdesi, 6. hafta ötiroid grubuna kıyasla yüksekti (p<0.05). Altıncı hafta hipertiroid 

grubunda, ortalama alyuvar hemoglobin konsantrasyonu (MCHC) ve platelet (PLT) sayısı 6. hafta hipotiroid grubuna nazaran 

düşüktü (p<0.05). Altıncı hafta hipertiroid grubunda, 6. hafta ötiroid grubuna kıyasla lenfosit yüzdesi düşük (p<0.05) ve granülosit 

yüzdesi yüksekti (p<0.05). Sonuç olarak, propiltiourasil (PTU) ve L-tiroksin (L-T4) uygulama sürelerinin uzaması bazı hematolojik 

parametrelerde değişimlere sebep olmaktadır. Buna rağmen, bu değerler fizyolojik sınırlar içerisinde kalmaktadır. 

Anahtar sözcükler: Kırmızı kan hücreleri, propiltiyourasil, rat hematolojisi, tiroid bozukluğu. 

 
 

 

Introduction 

Thyroid hormones (THs) have crucial roles on 

cellular and neuronal development, bone maturation, 

growth, metabolism, modulation of intracellular protein 

trafficking and regulating production of red blood cells 

by genomic or non-genomic actions (5, 8, 31, 38). 

Plasma concentrations of THs are controlled by thyroid 

hormone axis which consist of paraventricular nucleus of 

the hypothalamus, anterior pituitary and thyroid gland. 

Whilst the main secretory product of the thyroid gland is 

L-thyroxine (L-T4), 3,5,3-L-tri-iodothyronine (T3) is the 

major bio-active form of THs (16). Propylthiouracil (6-n-

propyl-2-thiouracil; PTU), which is the antithyroid agent 

inhibits 5-deiodinase hence inactivates thyroid 

peroxidase (TPO) and blocks intrathyroidal and 

peripheral conversion of T4 to T3 (23, 26). On one hand 

deficiency or absence of THs cause hypothyroidism, on 

the other hand abundance of THs cause hyperthyroidism. 

There are often initiated by autoimmune origin disorders 

which against the thyroid gland named as Hashimoto’s 

disease and anti-thyroid stimulating hormone (TSH) 

receptor in the thyroid gland named as Graves’ disease 
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may cause of hypo- and hyperthyroidism, respectively 

(15, 30). 

Thyroid hormone receptor (TR)-α and TR-β are 

highly conserved nuclear receptors which are encoded by 

THRA (NR1A1) and THRB (NR1A2) genes (11, 36). 

The early findings issued that hematopoietic system may 

be influenced by different thyroid status in vitro (13) and 

in vivo (22). In addition to these data, in recent years 

studies on underlying molecular mechanisms of thyroid 

hormones associated with changes in hematopoiesis 

revealed that modifying in gene expressions of TRs 

affect hematopoietic progenitors in vivo (19). Through 

this knowledge it is well known that THs can modulate 

cell production in the bone marrow (20).  

PTU and L-T4 have been widely used in drugs on 

different animals experimentally or to cure the thyroid 

disorders in medicine (2, 16, 19, 26). Therefore, we 

aimed to interpret the hematological parameters on 

experimentally induced hypothyroidism and 

hyperthyroidism in rats. 

 

Materials and Methods 

Animals: In this research, 12 week-old, healthy, 42 

male Wistar Albino rats (300-350 g weight) were used. 

Two rats per cage were housed in 40x20x20 cm size 

polycarbonate cages. They were fed ad libitum with 

Nukleon® standart rat chow (Bil-Yem). Rats were kept 

in a room at a constant temperature 22±2
0
C with %50 

relative humidity, 12 hour light/dark cycle period. All 

experimental procedure was approved by Selçuk 

University Experimental Medicine Research and 

Application Center Local Ethics Committee (Approval 

number: 2012-083). 

Experimental design: The rats were randomly and 

equally divided into 3 groups; euthyroid, hypothyroid 

and hyperthyroid. Hypothyroidism and hyperthyroidism 

were induced by 6-n-propyl-2-thiouracil (PTU; Sigma, 

USA) 0,05% (weight per volume; w/v) and L-thyroxine 

(L-T4; Sigma, USA) 0,0012% (w/v) concentrations 

which are added into daily prepared fresh drinking water, 

respectively in accordance to previous studies (2, 8, 10, 

14). In the study, mean water consumption of each 

animal was calculated approximately ~50 ml. So, each 

animal received ~25 mg PTU and ~0,6 mg L-T4 as 

orally.  

The blood samples were withdrawn from 7 rats of 

each group at the end of 3rd and 6th weeks of the 

experiment by cardiac puncture from under deeply 

anesthetized animals with ketamine (50 mg/kg/BW) and 

xylazine (2.61 mg/kg/BW) combination and were 

collected into anticoagulant (EDTA) containing tubes to 

determinate hematological parameters and tubes for 

centrifugation (3000 x g for 5 min) to observe hormonal 

profiles in serum.  

Hematological parameters were assessed by 

automated blood cell counter (Mindray BC 2800, China) 

and TSH, total thyroxine (TT4) and free thyroxine (FT4) 

levels were determined by autoanalyser (ADVIA Centaur 

XP Immunoassay System, Siemens, USA).  

Statistical analysis: Statistical analysis was 

performed with the SPSS 19.0 statistical package for 

Windows (SPSS, Inc., Chicago, IL, USA). Data were 

expressed as mean ± standard error of the mean (SEM). 

One-way ANOVA followed by post hoc Duncan’s 

multiple range test was performed to show the statistical 

significance among the groups in the same week and 

independent t-test was performed for determination 

between the weeks in the same groups. P<0.05 was 

considered to be statistically significant. 

 

Results 

Thyroid hormones: As shown in Table 1, in the 3rd 

and 6th weeks serum TSH levels were increased (p<0.05) 

in hypothyroid and decreased (p<0.05) in hyperthyroid 

groups. On the contrary, TT4 and FT4 levels were 

decreased (p<0.05) in hypothyroid and increased 

(p<0.05) in hyperthyroid groups when compared with 

euthyroid groups.  

Hematological parameters: The hematological 

findings of euthyroid, hypothyroid and hyperthyroid 

groups are presented in Table 2.  

In compared to different sampling times of the same 

groups, the red blood cell (RBC) counts were increased 

(p<0.05) in the 6th week euthyroid group to compare 

with the 3rd week euthyroid group. Hb concentration and 

Hct value were decreased (p<0.05) in the 6th week 

hypothyroid group to compare with the 3rd week 

hypothyroid group. Platelet (PLT) counts were decreased 

(p<0.05) in the 6th week hyperthyroid group to compare 

is on to the 3rd week hyperthyroid group.  

In comparison among parameters of the 3rd week 

groups there were no statistical difference, except 

percentage of monocyte which was increased (p<0.05) in 

hypothyroid group when compared to the euthyroid 

group.  

In the 6th week hypothyroid group, RBC counts, 

Hb concentration, Hct value and percentage (%) of red 

cell distribution width (RDW) were lower (p<0.05) than 

the 6th week euthyroid and hyperthyroid groups. 

However, plateletcrit (PCT) % was higher (p<0.05) in 

the 6th week hypothyroid group compared with the 6th 

week euthyroid group. 

In the 6th week hyperthyroid group, mean 

corpuscular hemoglobin concentration (MCHC) and PLT 

counts were significantly lower (p<0.05) than the 6th 

week hypothyroid group. It was observed that percentage 

of lymphocyte was decreased and percentage of 

granulocyte was increased (p<0.05) in the 6th week 

hyperthyroid group when compared to the 6th week 

euthyroid group. 
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Table 1. TSH, TT4 and FT4 levels in all groups (n=7, mean±SEM, p<0.05).  

Tablo 1. Grupların TSH, TT4, ve FT4 seviyeleri (n=7, ort±SH).  

 TSH µIU/mL TT4 µg/dL FT4 ng/dL 

W Eu Hypo Hyper Eu Hypo Hyper Eu Hypo Hyper 

3rd 1.58±0.21b 13.65±1.54a 0.02±0.003c 3.17±0,13b 0.72±0,11c 8.28±0.78*a 0.95±0,04b 0.25±0.003c 2.89±0.25a 

6th 1.88±0.54b 12.22±1.49a 0.02±0.004c 2.94±0,09b 0.91±0,08c 10.39±0.52*a 0.93±0,03b 0.33±0.003c 3.41±0.21a 

W: Weeks, Eu: Euthyroid, Hypo: Hypothyroid, Hyper: Hyperthyroid. 

a,b,c: Different letters shown the statistical significance among the groups on the same weeks (p<0.05).  

(*): Sign shown statistical significance among the weeks in the same groups (p<0.05).  

W: Haftalar, Eu: Ötiroid, Hypo: Hipotiroid, Hyper: Hipertiroid.  

a,b,c: Farklı harfler, aynı haftadaki gruplar arası farklılıkları göstermektedir (p<0.05).  

(*): Sembol, aynı gruptaki haftalar arası farklılıkları göstermektedir (p<0.05). 

 

 

 

Table 2. Hematological parameters in experimental groups (n=7, mean±SEM).  

Tablo 2. Deney gruplarına ait hematolojik parametreler (n=7, ort±SH).  

Groups Euthyroid Hypothyroid Hyperthyroid 

Parameters /Weeks       3rd       6th       3rd       6th      3rd      6th 

RBC (x1012/L) 7.93±0.11* 8.54±0.19*a 8.10±0.24 7.56±0.09b 8.43±0.16 8.27±0.14a 

Hb (g/dL) 14.10±0.26 14.70±0.41a 14.09±0.35* 12.99±0.14*b 14.53±0.23 14.20±0.25a 

Hematocrit (%) 45.73±0.83 48.31±1.35a 46.29±1.14* 42.34±0.59*b 47.71±0.89 47.37±0.95a 

MCV (fL) 57.76±0.55 56.63±0.81 57.24±0.74 56.04±0.49 56.66±0.72 57.36±0.35 

MCH (pg)  17.74±0.21 17.17±0.21 17.34±0.19 17.14±0.19 17.19±0.24 17.13±0.12 

MCHC (g/dl) 30.79±0.14 30.39±0.19ab 30.39±0.11 30.64±0.25a 30.43±0.27 29.96±0.17b 

RDW (%) 11.26±0.29 11.56±0.18a 11.27±0.31 10.53±0.21b 11.70±0.32 12.16±0.33a 

PLT (x109/L) 589.43±58.99 530.29±56.93ab 640.29±47.72 625.29±14.46a 624.14±49.01* 493.43±35.19*b 

MPV fL 6.63±0.12 6.76±0.14 6.59±0.07 6.66±0.11 6.66±0.12 6.90±0.12 

PDW (%) 15.06±0.08 15.09±0.08 15.04±0.05 15.10±0.06 15.10±0.07 15.17±0.11 

PCT (%) 0.39±0.04 0.29±0.05b 0.42±0.03 0.42±0.01a 0.41±0.03 0.34±0.02ab 

WBC (x109/L) 5.23±0.57 5.19±0.62 6.74±0.98 5.16±1.03 6.91±1.90 5.06±1.11 

Lymphocyte (x109/L) 3.73±0.47 3.77±0.45 4.69±0.73 3.50±0.72 4.77±1.49 3.10±0.72 

Monocyte (x109/L) 0.13±0.02 0.14±0.02 0.19±0.04 0.10±0.02 0.16±0.05 0.11±0.03 

Granulocyte (x109/L) 1.37±0.19 1.27±0.18 1.87±0.29 1.56±0.44 1.99±0.49 1.84±0.44 

Lymphocyte (%) 71.20±3.12 73.29±1.71a 69.34±3.47 66.47±4.04ab 65.89±3.63 61.17±2.46b 

Monocyte (%) 2.31±0.16b 2.76±0.19 3.07±0.32a 2.40±0.12 2.53±0.18ab 2.34±0.22 

Granulocyte (%) 26.49±3.14 24.39±1.55b 27.59±3.26 31.13±4.00ab 31.59±3.59 36.49±2.38a 

a,b,c: Different letters shown the statistical significance among the groups on the same weeks (p<0.05). 

(*): Sign shown statistical significance among the weeks in the same groups (p<0.05).  

a,b,c: Farklı harfler, aynı haftadaki gruplar arası farklılıkları göstermektedir (p<0.05). 

(*): Sembol, aynı gruptaki haftalar arası farklılıkları göstermektedir (p<0.05). 

 

 

Discussion and Conclusion 

In accordance with the report of Bianco et al. (2), 

PTU and L-T4 could be used via orally into drinking 

water to realize systemic hypothyroidism and 

hyperthyroidism experimentally in rodents. Although, in 

order to achieve hypothyroidism and hyperthyroidism by 

oral administration has less effective than daily injections 

and requires much longer treatment duration, it reduces 

the occurrence of the vast diurnal changes in plasma 

hormone concentrations which is regarded as an 

advantage (14). In this regard, this study was carried out 

to interpretation effects of thyroid alterations on the 

hematological parameters throughout different exposure 

times. In the present study, altered TSH, TT4 and FT4 

levels on 3rd and 6th weeks have shown that 

hypothyroidism and hyperthyroidism have been well 

established in experimental groups in parallel with 

previous studies (21, 33). 

According to our results, the RBC counts were 

increased in the 6th week euthyroid group compared to 

the 3rd week euthyroid group. These results are in 

agreement with previous studies (12, 18) which were 

explained by age dependent changes in rats. 

Hypothyroidism could cause certain forms of 

anemia in humans (3) and various animals as dogs (6), 

rabbits (17), ewes (27) and rats (35). Several reports have 
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concluded that thionamide based antithyroid agents such 

as PTU and methimazole (MMI) could reduce RBC 

counts, Hct value and Hb concentrations by adverse 

suppressive effects on bone marrow (26, 28). Nambiar et 

al. (28) indicated that the reduction of erythrocyte 

parameters is related with dose dependent manner in rats. 

Likewise, Jawad and Atyaf (17) exhibited similar results 

based on dose-dependent effect of hypothyroidism in 

rabbits. In accordance with our findings, although the 

changes in the RBC counts, Hct value, Hb concentration 

and percentage of RDW were not important in the 3rd 

week hypothyroidism group when compared to the 

euthyroid group, the cause of significantly decrease in 

the same hematological values in the 6th week 

hypothyroid group might be progression of 

hypothyroidism depend on treatment duration. However, 

these statistical significance results were within normal 

physiological ranges for rats (12). 

Hyperthyroidism, which has been known as a cause 

of erythrocytosis, could be explained by two ways; 

firstly, enhanced production of Epo from kidney (9) and 

secondly, direct effect on bone marrow by modifiy gene 

expressions of TRs (19). Zahediasl et al. (40) reported 

that in the 30 and 60 days hyperthyroid rats were not 

observed significant differences in the RBC counts. On 

the other hand, Hb concentration, Hct value, mean 

corpuscular hemoglobin (MCH) and mean corpuscular 

volume (MCV) levels in the 60 days treated hyperthyroid 

group was significantly higher compared to control 

group. In contrast, Messarah et al. (25) noted that the 

RBC counts, Hct value and Hb concentrations were 

decreased in the L-T4 treated rats during 5 weeks. These 

contrary findings in the literature can be explained by 

enhanced lipid peroxidation due to increased basal 

metabolic rate throughout hyperthyroidism (14, 25). 

Yücel et al. (39) reported that L-thyroxine administration 

in rats for 30 days may enhanced susceptibility of 

erythrocytes due to raising the levels of lipid 

peroxidation and their last products such as 

malondialdehyde. These circumstances, may led to 

increase in osmotic fragility of erythrocytes and 

hemolysis. According to our results, statistical 

differences were not found in the erythrocyte parameters 

neither in the 3rd nor in the 6th week hyperthyroid 

groups compared to the euthyroid groups. 

Hypothyroidism and hyperthyroidism may be 

linked with some hemostatic abnormalities (24). In the 

present study, PLT, mean platelet volume (MPV), 

platelet distribution width (PDW) or PCT counts were 

not changed in the 3rd week treated groups. However, 

PLT counts were found higher in the 6th week 

hypothyroid group. Furthermore, it was decreased in the 

6th week hyperthyroid group when compared to the 3rd 

week hyperthyroid and the 6th week hypothyroid groups. 

In parallel with our results, Sullivan and McDonald (34) 

reported that both D- and L- thyroxine administration in 

mice caused the decrease in peripheral platelet count, 

total circulating platelet count and mass due to depressed 

platelet production. In another study, Dönmez and 

Keskin (7) interpreted that the increase in platelet counts 

could cause as a regenerative response of bleeding 

tendency. Platelet aggregation is associated with platelet 

counts (37). Moreover, platelet aggregation is inversely 

correlated with thyroid hormone concentration (29). 

Nejar Bruno et al. (29) reported that 5’-nucleotidase 

activity in platelets which enzyme caused degradation of 

adenosine monophosphate to adenosine were increased in 

the hypothyroid and decreased in the hyperthyroid rats. 

The results indicate that altered platelet 5’-nucleotidase 

activity during hypo- and hyperthyroidism could led to 

changes in adenosine levels and consequently influenced 

the platelet aggregation. 

In the present study, PTU and L-T4 treatment did 

not affect the leucocyte counts significantly. On the other 

hand, in the 3rd week hypothyroid group percentage of 

monocyte increased and in the 6th week hyperthyroid 

group percentage of lymphocyte decreased and 

percentage of granulocyte increased when compared to 

their euthyroid controls. On contrary to our findings, 

Abou-auda and Abou-shaaban (1) reported that PTU 

induced hypothyroidism during 30 days period decreased 

the percentage of monocyte in rats. In another study, 

Nambiar et al. (28) noted that white blood cell (WBC), 

lymphocyte and monocyte counts were decreased by 

different dosage regimens in PTU treated rats. Moreover, 

Osonuga et al. (32) noted that L-T4 administration for 28 

days in rats decreased WBC counts.  

In conclusion, the present study showed that 

experimentally induced hypothyroidism and 

hyperthyroidism could not change the hematological 

parameters except percentage of monocytes throughout 3 

week. However, even if these values remained within 

physiological ranges, elongation of the treatment 

duration with PTU to 6 week could lead to changes on 

RBC counts, Hb concentration, Hct, RDW and PCT 

values. Moreover, L-T4 administration could cause 

changes on MHCH and PLT counts significantly. 
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