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INTRODUCTION 

According to various epidemiological studies, the 

prevalence of hypothyroidism is a quite significant level. 

So according to some authors clinically evident 

hypothyroidism in the General population is 2%.
1
 

According to some authors, the incidence of 

hypothyroidism is often accompanied by functional 

disorders of the kidneys, which in turn can lead to an 

electrolyte imbalance in the blood serum, which is 

known, according to various studies, is very sensitive to 

neuroendocrine changes.
2
  

According to the literature, the rate of metabolic 

processes in the body determines the speed of 

development of the many biochemical changes in the 

blood, leading to the development of various pathological 

processes, including development-related functional 

disorders of the thyroid gland.
3
 As is known, the genetic 

polymorphism of the gene acetyl-transferase is one of the 
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key points that influence the rate of biotransformation 

enzymes.
4
  

A deeper study of the characteristics of the changes of 

calcium-phosphorus metabolism in experimental 

hypothyroidism given the phenotype of acetylation will 

allow to more effectively diagnose, predict the course and 

to carry out prevention and treatment of hypothyroidism 

and the accompanying pathological changes.
2,5

 

The aim of this work is to trace the dynamics of 

phosphorus-calcium metabolism and the level of serum 

iron in experimental hypothyroidism and to determine the 

severity of it changes depending on the type of 

acetylation.  

METHODS 

In experiments were used rats weighing 180-220g, who 

were divided into 2 main groups depending on the type of 

acetylation on α- slow and β- fast metabolizer 

(acetylators). Each group was modeled experimental 

hypothyroidism by the introduction of mercazolil at a 

dose of 5 mg, for 14 days.
6
 Each group, in turn, was 

divided into 5 subgroups depending on the time of the 

study. Therefore, group of α-slow metabolizers 

(acetylators) were divided into the following subgroups: 

Iα - intact IIα - at the 4
th

 hour of the study, IIIα - on the 

1st week of the study, IVα - 2-week studies, Vα - on the 

3rd week of the study. Accordingly, the group of β- 

metabolizer fast (acetylators) consisted of the following 

subgroups: Iβ- intact IIβ- at the 4th hour of the study IIIβ 

- 1-week studies, IVβ- 2-week studies, Vβ- to 3-week 

study. Dynamics of indicators of thyroid hormones, 

reflecting the development of the pathological process, 

were evaluated in these subgroups separately, depending 

on the speed and type of acetylation. The results of this 

comparison are reflected in Table 2. Moreover, it was 

made combining data of two similar subgroups of the 

corresponding period with a different rate of acetylation, 

statistically processed and the results were compared with 

those of other gathered subgroups of different study 

periods, as shown in Table 1. This table describes the 

changes levels of thyroid hormones occurring in Iαβ, 

IIαβ, IIIαβ, IVαβ and IVαβ groups.  

We studied the levels of calcium, phosphorus, and iron in 

the blood serum of experimental animals. The studied 

parameters were studied as in combined groups, which 

included α and β subgroups (with a phenotype of "slow" 

and "fast" acetylation of metabolic system of the body, 

respectively), and these subgroups separately, and also 

tested the significance of differences between them.  

The acetylation phenotype was determined by the 

standard technique.
6
 The concentration of biochemical 

parameters in serum was determined by semiautomatic 

biochemical analyser “BA88” (Mindray, China), with test 

system “Human” (Germany).
5
 Statistical processing was 

performed using the programs Excel and Biostat. 

RESULTS 

At various stages of experimental modeling of 

hypothyroidism observed changes in the studied 

biochemical indicators, including the functional activity 

of the organs of the excretory system, in particular, in the 

composition of electrolytes and essential in the balance of 

minerals.  

The level of calcium ions significant changes were 

observed only at the 4th hour of observation, which was 

lower by 11.8% (Table 1).  

Table 1: Changes of some indicators of phosphorus-

calcium metabolism and the level of serum iron 

during experimental hypothyroidism (M±m). 

Study 

groups 

Calcium 

(mmol/l) 

Phosphorus 

(mmol/l) 

Ferrum 

(mkmol/l) 

Iαβ intact 

group 
2.18±0.09 0.96±0.07 13.1±0.5 

IIαβ group 

(4 hours) 
1.95±0.04* 0.87±0.04 12.88±0.33 

IIIαβ group 

(1
st
 week) 

2.01±0.03 0.89±0.01 12.63±0.24 

IVαβ group 

(2
nd

 week) 
2.00±0.01 0.89±0.01 13.10±0.25 

Vαβ group 

(3
rd

 week) 
1.55±0.46 0.85±0.06 13.50±0.15# 

* - significant difference (P<0.05) when comparing results with 

data in intact; ^ - same when comparing results with the data in 

the 1st group; # - same when comparing results with the date in 

the 2nd group; and - same when comparing results with the data 

in the 3rd group; $ - same when comparing results with the data 

in the same group with the subgroup of slow acetylators. 

In the concentration of phosphorus in the modeling of 

experimental hypothyroidism significant changes are 

detected. In the hardware level of a significant change in 

only 3 weeks of observations on the 1-week experiment 

of 6.9%.  

When studying changes in concentrations of studied 

parameters in the group with different phenotypes of 

acetylation observed changes at different stages of the 

study.  

In the study of the calcium concentration at the 4th hour 

of the study in subgroups with α- and β- acetylation 

phenotypes were observed the decrease by 12.0% and 

10.5% respectively, and its level in the IIβ- subgroup was 

5.3% lower than the IIα- subgroup.  

1- week change relative to the values of the original 

indicators (Iα and Iβ subgroups) was not observed, but in 

comparison with the values in the IIβ- IIIβ in the 

subgroup has an increased concentration of calcium ions 

is 4.2%, whereas the α and β subgroups of the 1st week, 

significant changes were noted.  
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Table 2: Changes in the indices of phosphorus-calcium metabolism and the level of serum iron in rats at modeling 

of hypothyroidism in subgroups with α - and β-acetylation phenotypes (M±m). 

Study groups Calcium (mmol/l) Phosphorus (mmol/l) Ferrum (mkmol/l) 

Iαβ intact group 
Iα subgroup 2.24±0.1 1.08±0.1 14.70±0.8 

Iβ subgroup 2.10±0.08 0.90±0.06 12.90±0.5 

IIαβ group 

(4 hour) 

IIα subgroup 2.00±0.01* 0.90±0.01 12.77±0.31* 

IIβ subgroup 1.90±0.01*$ 0.84±0.02$ 13.00±0.45 

IIIαβ group 

(1
st
 week) 

IIIα subgroup  2.03±0.04 0.90±0.01 12.83±0.29 

IIIα subgroup 1,98±0.01^ 0.88±0.01 12.43±0.22 

IVαβ group 

(2
nd

 week) 

IVα subgroup 2.00±0.01* 0.90±0.01 13.33±0.31 

IVβ subgroup 1.99±0.01^ 0.89±0.01^ 12.87±0.21 

Vαβ group 

(3
rd

 week) 

Vα subgroup 2.00±0.01* 0.90±0.01 13.67±0.15^# 

Vβ subgroup  1.10±0.05*^# and $ 0.80±0.01# and $ 13.33±0.15 

* - significant difference (P = 0.05) when comparing results with data in intact., ^ - same when comparing results with the data in the 1st 

group., # - same when comparing results with the data in 2nd group., - same when comparing results with the data in the 3rd group., $ - 

same when comparing results with the data in the same group with subgroup low resistant.  

 

In IVα subgroup relative to the subgroup Iα calcium 

concentration was lower at 12.0%, as compared to IIα, 

and IIIα subgroups changes were not observed. In IVβ 

subgroup calcium concentration was higher relative to its 

values in the subgroup IIβ 4.7%, at the same time; 

significant changes regarding the subgroups with β-

acetylation phenotype at other earlier stages of the study 

were noted.  

The concentration of calcium ions in Vα subgroup was 

lower than in the Iα sub-group was 12.0%, and the level 

of calcium in the blood serum of animals Vβ was lower 

compared to Iβ IIβ IIIβ IVβ- 90.9%, 72.7%, 80.0%, 

80.9% respectively. Also relatively, Vα Vβ subgroups in 

the subgroup calcium concentration were lower at 81.8 

percent.  

In the study of the phosphorus concentration on the 4-

hour study, significant changes were not observed, but 

the differences between the subgroups with different 

acetylation phenotype were more pronounced. Therefore, 

IIβ subgroup of the concentration of phosphorus was 

higher than the IIα subgroup of 7.1%. At the same time 

on the 1 week of the study, significant changes relative to 

earlier periods and baseline was not observed, as between 

IIIα and IIIβ subgroups.  

On the 2
nd

 week of the study, the concentration of 

phosphorus was higher IVβ subgroup than in the 

subgroup IIβ 5.6%. In the subgroup with α-acetylation 

phenotype, significant changes in the concentration of 

phosphorus were not observed even in comparison with 

values of similar subgroups in the earlier stages of the 

study, neither relative to the original data.  

On the 3
rd

 week in Vβ subgroup in contrast to the Vα 

subgroup, the observed changes in the concentration of 

phosphorus, compared IIIα subgroup was lower by 

10.0%, compared to its value in the subgroup IVβ - 

11.3%, and with respect to Vα subgroup - by 12.5%.  

The concentration of iron ions at the 4th hour of the study 

in the subgroup with a - phenotype decreased relative to 

its value in the subgroup with intact animals with 

phenotype 15.1%. In the subgroup with α-acetylation 

phenotype in this period significant changes in the 

concentration of serum iron were not observed, as any 

significant changes regardless of the phenotype of 

acetylation on the 1
st
 and 2

nd
 week.  

In the subgroup Vα, the concentration of serum iron was 

increased compared to its value in the subgroup IIα by 

7.0%, as compared with IIIα subgroup by 2.6%.  

Therefore, the changes of calcium concentration in 

experimental hypothyroidism were noted in subgroups 

with α- and β-acetylation phenotypes, but the most 

pronounced of them there was observed in the case of a 

β-acetylation phenotype. Especially pronounced changes 

in the concentration of calcium were noted at the 4th hour 

and the 3rd week of experimental hypothyroidism.  

Phosphorus concentration did not change so pronounced 

as the level of calcium in experimental hypothyroidism, 

however, however, changes that are more significant 

were observed with β- acetylation phenotype, and the 

most significant of them were also observed in the 

extreme period of the study.  

In contrast to the above patterns, the concentration of 

serum iron was changed more significantly in subgroups 

with α-acetylation phenotype. The most pronounced 

changes were observed at the 4
th

 hour and the 3
rd

 week of 

the experiment. 

Changes of the blood biochemical indicators, such as 

urea and creatinine, which characterize intensity of 
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catabolic processes, were observed at various stages of 

the modeled experimental hypothyroidism. 

In this way, the level of urea in the 1
st
 week of study was 

significantly higher than that indicator of animals from 

intact group, which was higher by 48.2%, and with 

respect to the in the 4 hour experimental group of 

modeled thyroid pathology by 43.4% (Table 1). The level 

of this indicator in the 2nd week with respect to 

indicators of animals from intact group and animals from 

4 hour group was higher by 48.7% and 43.9%, 

respectively; the analogous difference in the 3rd week 

was 64.1% and 58.8%. 

Significantly high levels of creatinine were observed only 

in the 3rd week of experimental hypothyroidism, relative 

to the indices of animals of intact group, 4
th

 hour, 1
st
 and 

2
nd

 weeks, were respectively, 23.6%, 33.9%, 22.1 and 

23.8%. It is clear from the provided data that there is a 

more pronounced difference in the 3
rd

 week of 

experiment, with respect to the parameters of 4th hour, 

1
st
, 2

nd
 weeks of study, indicating lower serum creatinine 

values at an early period of experimental hypothyroidism. 

As a result of the analysis of the results obtained in 

groups, separated according to the acetylation phenotype, 

statistically significant differences were found in the 

studied parameters (Table 2). 

Table 3: Changes in individual blood biochemical 

parameters of rats in modelled                

hypothyroidism (M±m). 

Studied groups 
Urea 

(mmol/L) 

Creatinine 

(mcmol/L) 

Iαβ groups of 

intact animals 
3.90±0.75 57.20±2.6 

IIαβ groups (4
th

 

hour) 
4.03±0.87 52.78±2.5 

IIIαβ groups (1
st
 

week) 
5.78±0.19*^ 57.90±1.08 

IVαβ groups (2
nd

 

week) 
5.80±0.12*^ 57.08±0.90 

Vαβ groups (3
rd

 

week) 
6.40±0.30*^ 

70.68±1.80*^# 

and 

* - significant difference (P <0.05) when comparing results with 

those in the group of intact animals; ^ - same in comparing 

results with those in group 1; # - same in comparing results with 

those in group 2; and - same when comparing results with those 

in group 3; $ - same in comparing results with data in the same 

group to a subgroup of slow acetylators. 

In this way, the level of urea in animals who were β - fast 

metabolizers (acetylators) at 4 hour of the study was 

higher by 47.4% relative to the parameters of intact 

animals with a similar phenotype, and on the 1
st
, 2

nd
 and 

3
rd

 weeks, this difference was 52.3%, 48.9% and 76.0%. 

In the subgroup with α- “slow” metabolism phenotype 

(acetylation), a statistically significant increase in the 

concentration of urea compared with intact animals was 

observed only on the 3
rd

 week of the study and was 

40.0%. 

Table 4: Changes in individual blood biochemical 

parameters rat modelling of the experimental 

hypothyroidism subgroup with α- and β- acetylating 

phenotype (М±m). 

Groups, 

(term of 

study) 

Subgroups 
Urea 

(mmol/L) 

Creatinine 

(mcmol/L) 

Iαβ, 

(intact) 

Iα 3.8±0.8 56.4±1.8 

Iβ 4.05±0.65 58.1±2.1 

IIαβ, (4
th

 

hour) 

IIα 2.10±0.07 35.07±2.47* 

IIβ 5.97±0.05*$ 70.50±0.09*$ 

IIIαβ, 

(1
st
 

week) 

IIIα 5.40±0.12^ 50.97±0.14*^ 

IIIβ 6.17±0.09*$ 64.83±0.94*^$ 

IVαβ, 

(2
nd

 

week) 

IVα 5.57±0.02^ 51.33±0.16*^ 

IVβ 6.03±0.10*$ 62.83±0.70^$ 

Vαβ, 

(3
rd

 

week) 

Vα 5.67±0.05*^ 
56.33±1.04^# 

and 

Vβ 
7.13±0.06*^# 

and $ 

85.03±0.48*^# 

and $ 

* - significant difference (P <0.05) when comparing results with 

those in the group of intact animals; ^ - same when comparing 

results with those in group 1; # - same when comparing results 

with those in group 2; and - same when comparing the results 

with those in group 3; $ - same when comparing results with the 

data in the same group with α-subgroup of unstable 

metabolizers. 

Compared to the 4
th

 hour studies, in subgroups with β - 

“fast” phenotype of (acetylation) metabolism, a 

statistically significant increase in the level of urea was 

observed in the 3
rd

 week of experiment and comprised 

19.4%. In IIIα, IVα, Vα subgroups, relatively to IIα 

subgroup, the urea concentration was higher by 2.6, 2.7 

and 2.7 times, respectively. In the subgroup with β-

acetylation phenotype, higher rates were observed at 

ultimate terms (3
rd

 week) of experiment compared to the 

1st and 2nd weeks, which were 15.6% and 18.2% higher. 

Statistically significant differences in the levels of urea 

among subgroups with different phenotypes of 

acetylation, except intact animals, were observed in 

almost all terms - on the 4th hour, 1
st
, 2

nd
 and 3

rd
 weeks of 

study and their values were higher by 184.3%, 14.3%, 

8.3% and 25.7% respectively, in subgroups with 

phenotype of β- acetylation compared to phenotype of α-

acetylation. Surveying the results of the study, it should 

be noted that there were insignificant of differences 

between subgroups with different rates of metabolism in 

the development of thyroid pathology and only a slight 

increase in these differences at ultimate term. 

The obtained results demonstrate that the concentration 

of urea at 4
th

 hour term of study decreased insignificantly 

in subgroups with α-acetylation phenotype, whereas a 
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statistically significant increase in this parameter was 

present in subgroups of animals with β-phenotype. 

In all subsequent terms of studies, there were higher 

levels of urea relatively to the 4
th

 hour with subgroups of 

α-phenotype. At the same time, there were higher levels 

of urea relatively to intact animals in subgroup with β- 

phenotype, compared to the concentration of it in α-

subgroups.  

However, the indicator was not noted to change in 

dynamics, except for the ultimate term, where differences 

relatively to earlier terms were more pronounced 

compared to the differences in the values of urea in 

subgroups with α-acetylation phenotype. In general, 

dynamics of the urea level may suggest about more active 

changes of this indicator in the subgroup of β- “fast” 

metabolizers, compared to metabolizers with α- “slow” 

phenotype. 

As is known, the basic way of neutralization of highly-

toxic ammonia in the liver, which results from 

degradation of amino acids, is the formation of urea that 

is excreted with urine as a final product of protein 

metabolism in the body. The observed changes in the 

urea level may imply the extent of influence of 

experimental hypothyroidism, as on the intensity of 

catabolic processes as well as on the efficiency of the 

detoxifying ability of liver, associated with phenotype of 

acetylation. 

As concerning the level of creatinine, subgroup with α-

acetylation phenotype had lower by 60.8% values at 4 

hour term, and in the subgroup with β- “fast” phenotype 

of metabolism was by 21.3% higher, compared to 

indicators of intact animals.  

In comparison with indicators of intact animals in 

subgroups with α- and β-phenotype creatinine 

concentration at the 1st week of study was by 10.7% 

lower and 11.6% higher, respectively. On the 2
nd

 week of 

experiment, with respect to indicators of intact animals, 

statistically significant differences occurred in the 

subgroup with α-phenotype, where serum creatinine was 

9.9% lower and at 3
rd

 week in animals with β-phenotype 

where this parameter was greater by 46.4%.  

Comparing indicators within both “fast” and “slow” 

subgroups the results of creatinine concentration at 4-

hour period were 45.3% higher and 8.7% lower, while in 

the 2
nd

 and 3
rd

 weeks of experimental pathology, relative 

to the same period of comparison, 46.4% higher and 

12.2% lower, respectively, and by 60.6% and 82.3% 

higher. Compared with the 1st week results, there were 

no significant changes observed in IVα and IVβ 

subgroups, and in Vα and Vβ subgroups creatinine level 

was higher by 10.5% and 31.2%, respectively. On the 3
rd

 

week, the levels of creatinine relatively to those in the 2
nd

 

week of experiment were by 9.7% higher in the 

subgroups with α-acetylation phenotype, and by 35.3% 

higher in the subgroup with β- “fast” metabolism. 

Analyzing concentration of creatinine in subgroups with 

β-phenotype with respect to indicators of α- “slow” 

metabolizers, significant changes were observed at 4 hour 

term, where their concentration was twofold higher. On 

the 1
st
, 2

nd
 and 3

rd
 weeks this difference comprised 

27.2%, 22.4% and 50.9%. As can be noted from the 

above given results, the biggest difference between the 

two groups with different metabolic rates was observed in 

the early and late terms of experimental hypothyroidism. 

In the study of changes of creatinine concentration at the 

earliest term of experiment (4 hour), in comparing the 

level of these parameters with intact animals, it should be 

noted decrease of their values was observed in the 

subgroups with α- “slow” phenotype, and, this trend 

preserved almost at all study periods, except for the 

ultimate, where statistically significant differences were 

not detected. By contrast, creatinine concentration in 

groups with β- acetylation phenotype increased at all 

stages of experimental hypothyroidism. The results of 

changing concentrations of creatinine indicate that 

phenotype of acetylation has a significant impact on its 

level in the blood serum in experimental hypothyroidism. 

DISCUSSION 

As is known, a significant portion of nitrogen, produced 

by the process of degradation of amino acids and formed 

from creatine and creatine phosphate, is excreted from 

body in the form of creatinine. Thus, creatinine, along 

with urea, is an important indicator of protein 

degradation.
6
  

Significant changes in the direction of creatinine 

concentration between subgroups with different 

acetylation phenotype suggest about differences in the 

mechanisms of utilization of products of protein 

degradation, which animals have depending on the type 

and rate of their metabolism in conditions of 

experimental hypothyroidism. It is known that normally, 

from total amount of nitrogen excreted with urine fraction 

of that in urea accounts for about 85%, in creatinine - 

about 5%, the remaining percentage is distributed among 

ammonium salts, uric acid and other compounds.
7,8

 The 

obtained results suggest not only changes in the 

concentrations of urea and creatinine in general, but also 

their relationship to each other.
9
 

In support of what was said, ratios of urea to creatinine in 

subgroups with α-acetylation phenotype in intact animals, 

at 4-hour, 1-week, 2-week and 3-week terms of 

experimental hypothyroidism were 67.4, 58.9, 105.9, 

108.5 and 100.7%, respectively. An analogous correlation 

between urea and creatinine levels in the groups with β-

acetylation phenotype at the same terms of study gave 

following ratios: 69.7, 84.7, 95.2, 96.0 and 100.7%, 

respectively. As seen from the above values, if in α-
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subgroups this ratio drops sharply at early terms, then by 

the 1st week it sharply increases, growing to 2
nd

 week and 

slightly decreasing at ultimate term. In groups with β-

phenotype, by contrast, even though all stages increase of 

values of urea to creatinine was noted. In general, 

comparable in intact with different phenotype animals 

values of the ratio of urea to creatinine become 

significantly different at 4 hour term, which with the 

development of experimental hypothyroidism slightly 

level out, disappearing toward the ultimate term of 

experiment.
10

 

The results obtained in studying individual parameters, 

which characterize the activity of the processes of protein 

degradation and liver detoxification in experimental 

hypothyroidism; demonstrate a statistically significant 

difference in the dynamics of changes in the values of 

these parameters between the subgroups with α- and β-

acetylation phenotypes.  

The most pronounced differences of values among 

subgroups are shown to be in the group with β- “fast” 

phenotype of metabolism, unlike those found in a group 

with α-phenotype of metabolic activity. It should also be 

noted that the most significant differences of the studied 

parameters as comparing various periods of study, as well 

as between subgroups of same terms, appear in the later 

stages of the simulated experimental hypothyroidism.
11

 

CONCLUSION 

 Belonging to a particular phenotype of acetylation 

affects the degree of severity of the changes of 

indices of calcium-phosphorus metabolism and 

serum iron in experimental hypothyroidism, the 

most significant differences between the values of 

their indicators were detected early and deadlines of 

the study.  

 The presence of β-acetylation phenotype determines 

a greater severity of the changes in the concentration 

of calcium and phosphorus in experimental 

hypothyroidism than with α-phenotype, with the 

greatest severity is manifested in the extreme 

periods of the study.  

 The presence of α-acetylation phenotype determines 

a greater severity of the changes in the concentration 

of serum iron in experimental hypothyroidism than 

with β-phenotype, which is manifested mainly on 

the deadlines of the study. 

 Experimental hypothyroidism in dynamics, in 

general characterized by increased concentrations of 

parameters, which characterize the intensity of 

protein degradation and detoxification function of 

liver. 

 From the studied in experimental hypothyroidism 

parameters the most pronounced differences 

observed among subgroups with α- and β-

acetylation phenotypes were in the levels of 

creatinine. 

 It is characteristic for animals with β-acetylation 

phenotype to have more marked changes in the 

values of creatinine and urea at ultimate terms of 

studied experimental hypothyroidism, than for 

animals with α-acetylation phenotype. 
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