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ABSTRACT 

Amount of thyroid pathology patients in Ukraine in- 
creased 3.7 times from 0.9 to 3.5 per 1000 population 
within a decade. The main reason of most of organs 
damage associated with hypothyroidism is decreased 
synthesis of number of cellular enzymes because of 
thyroid hormones deficiency. Mast cells (MC) play 
leading role in inflammatory processes, allergic reac- 
tions and in autoimmune diseases pathogenesis, since 
they produce various cytokines. Influence of maternal 
hypothyroidism on the progeny skin histogenesis and 
MC correlation is poorly studied. Hypothyroid condi- 
tion was modeled in Wistar female rats by adding 
thyreostatic drug mercazolilum (methimazole) 5 mg/kg 
body mass. Thyroid glands and progeny skin pieces 
from the back on the 1, 10, 20 and 40 postnatal de- 
velopment days were fixed in 4% neutral formalin 
and embedded in paraffin. For MC detection slides 
were stained by Bismark brown, alcian blue (pH 2.5), 
toluidine blue. D-Man and β-DGal carbohydrate de- 
terminants were studied by use of GNA and PNA 
lectins labeled with horseradish peroxidase. Lectin 
receptors visualization was conducted in 3’3-diami- 
nobenzidine tetrahydrochloride system in Н2О2 pre- 
sence. Counting the MC number and thyroid glands’ 
morphometric parameters were conducted on 5 μm 
thin sections by using UTHSCSA “Image Tool for 
Windows Version 2.00” (USA) computer program. 
Statistical analysis was performed using Student t- 
test. Body mass increase, changes in thyroid cells pa- 
rameters and colloid structure were stated in experi- 

mental animals. The biggest MC amount was de- 
tected in control animals skin on the 1 day of postna- 
tal development, slight decrease on 10 day and grad- 
ual increase till 40 day. MC amount with signs of de- 
granulation increased in experimental animals skin at 
all stages of the research. Simultaneously, D-Man and 
β-DGal glycopolymers expression similarity was noted 
on MC surface. According to MC quantitative-quali- 
tative indicators in skin, hypothyroid female rat pro- 
geny should be included into the risk group of im- 
mune status change and allergic reactions beginning. 
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1. INTRODUCTION 

Normal and pathological skin and mucosa condition are 
in close interaction with complicated endocrine and hu- 
moral processes. Some changes in skin and its deriva- 
tives are closely connected with endocrine disorders, and 
are typically manifested and have primary importance for 
their diagnostics and treatment [1,2]. 

Chronic hypothyroidism causes dermis structure vio- 
lations, pelage changes, sweat and sebaceous glands 
functional changes, skin dryness and increased exfolia- 
tion of epidermis, decrease of skin main potential, which 
changes physiological, immune and biochemical skin 
functions [3]. Various disorders from the side of cardio- 
vascular system, central nervous system and anemia 
(36%), also high percentage of skin affections (88%): 
hair loss (40%), skin infections (22%), skin thickening 
and obesity (49%) were marked in dogs with hypothy- 
roidism [4-7]. *Corresponding authors. 
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Mast cells play a leading role in inflammatory proc- 
esses, allergic reactions and in autoimmune diseases 
pathogenesis, since they penetrate into tissues and pro- 
duce various cytokines. Mast cells precursors go out 
from bone marrow into blood stream, whereof migrate 
into tissues for their maturation completing under control 
of cytokines and growth factors [8]. Those cells are im- 
portant for both natural and gained immunity in tissues, 
which are in close contact with environment, namely 
skin and respiratory system organs [9]. There are reports 
about skin mast cells in literature [10-14], maternal hy- 
pothyroidism influence on quantitative-qualitative indi- 
cators of progeny skin mast cells is not investigated. 

Aim of work—using routine histochemical methods to 
investigate quantitative ratio of mast cells in rat progeny 
skin under the influence of experimental hypothyroidism 
in age aspect and on the base of lectin-receptor interac- 
tion to study those cells glycoconjugates. 

2. MATERIALS AND METHODS 

Experiments were carried out on 20 Wistar line females, 
with mass 180 - 200 g, which were divided into two 
groups: first—control (10), second—experimental (10), 
from which was received progeny in the amount of 35 
and 30 respectively. Animals were kept in standard viva- 
rium conditions according to the bioethics norms for 
dealing with laboratory animals. Experimental hypothy- 
roidism was modeled by adding thyreostatic drug mer- 
cazolilum (Zdorovia, Kharkiv) (methimazole) at the rate 
of 5 mg/kg body mass. After second week of experiment 
females, at the estrus stage, were planted on males. Skin 
pieces from the back side of female control and experi- 
mental progeny on the 16th day of embryogenesis and on 
the 1st, 10th, 20th and 40th days of postnatal development, 
were taken, fixed in 4% neutral formalin, embedded in 
paraffin. Function control of females thyroid gland was 
performed by determining T3 and T4 hormones in blood 
serum using radiological method by means of standard 
sets in radioisotope laboratory of regional clinical hospi- 
tal, and also progeny was weighed on the appropriate 
terms of postnatal development. General histological and 
morphometric investigations of females and their prog- 
eny thyroid glands were conducted by using UTHSCSA 
“Image Tool for Windows. Version 2.00” (USA) com- 
puter program. Mast cells amount counting was done on 
the standard area of section (eyeglass ×10, objective lens 
×40) on five slides 5 - 7 μm thin, stained by aldehyde 
fuchsine, alcian blue (pH 2.5), Bismark brown, and on 
five semifine sections, stained by toluidine blue [15,16]. 
Revision of histological slides was performed by using 
ZEISS 470600-9901 microscope at magnification ×400 
and ×600.  

By means of lectin-peroxidase technique using two 

lectins: snowdrop (GNA), specific to αDMan and peanut 
(PNA), specific to β-DGal, which were produced in 
Laboratory “Lectinotest” of Danylo Halytsky Lviv Na- 
tional Medical University, rat progeny skin mast cells 
were studied on the appropriate days of postnatal devel- 
opment in the norm and on the base of maternal hypo- 
thyroidism. Lectin receptors visualization was conducted 
in 3’3-diaminobenzidine tetrahydrochloride system in 
Н2О2 presence [17]. For specificity control of histoche- 
mical reactions were used: 1) lectin-peroxidase conju- 
gates exclusion from staining protocol; 2) before lection 
solution application, for oxidation of glycopolymers car- 
bohydrate determinants, pre-incubation of histological 
slides was conducted during 60 min in 1% HIO4 (Reanal, 
Budapest, Hungary). In the 1st case histochemical reac- 
tion results were completely negative, in the 2nd—essen- 
tially reduced. Besides abovementioned, negative stain- 
ing of separate cell compartments on the base of lectin- 
reactive structures served as peculiar control of reaction 
specificity. 

3. RESULTS AND THEIR DISCUSSION 

Conducted investigations of experimental group female 
rats thyroid glands showed, that macroscopically thyroid 
glands increased by 2 - 3 times in comparison with con- 
trol group, microscopically-thyroid follicles acquired ir- 
regular folded shape, did not contain colloid or it was 
present in small amounts, thyroid cells hyperplasia and 
harsh hyperemia of organ were detected. Similar results 
of thyroid glands morphology in the norm and in ex- 
perimental hypothyroidism, induced by mercazolilum 
(methimazole) injection (5 mg/kg) observed [18].  

Besides, thyroid cells height also changed. So, in con- 
trol group females thyroid cells height was 9.31 ± 0.49, 
whereas in experimental animals height of those cells 
was 13.29 ± 0.29, p < 0.001.  

On the base of changed concentration of hormones 
level in experimental females blood serum (T3 from 1.16 
± 0.11 to 1.04 ± 0.13 nmol/l, p < 0.01; and T4 from 50.0 
± 3.39 nmol/l to 4.67 ± 3.6 nmol/l, p < 0.01) [16], also, 
in progeny of hypothyroid females, morphology changes 
of thyroid glands were observed on the 1st, 10th, 20th and 
40th days of postnatal development. Thyroid cells height 
also changed (Table 1 and Figure 1). 

On the 16th day of embryonic development mast cells 
in skin are absent, both in control progeny and in hypo- 
thyroid females progeny. We stated mast cells appear- 
ance on the 1st day of postnatal development. Mast cells 
are mostly localized around microcirculatory flow ves- 
sels, in reticular layer of the dermis. Part of these cells is 
in degranulation stage (Figure 2). On the 20th day of 
postnatal development significant number of mast cells 
was detected closer to epidermis in experimental animal 
progeny skin. 
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Figure 1. Thyroid gland morphology of rat progeny on the 40th 
day of postnatal development. Staining by hematoxylin and 
eosin. (a) Thyroid gland follicles of control progeny. Magnif. 
×600; (b) Thyroid gland follicles of progeny of hypothyroid 
females. Magnif. ×600. 
 
Table 1. Thyroid cells height of control and hypothyroid prog- 
eny on the 1st, 10th, 20th and 40th days of postnatal development 
(µm). 

Control Experiment 
Animal groups 

М ± m М ± m р 

1st day 6.97 ± 0.10 8.48 ± 0.06 <0.001*** 

10th day 7.27 ± 0.06 9.40 ± 0.05 <0.001*** 

20th day 8.29 ± 0.10 9.57 ± 0.07 <0.001*** 

40th day 8.49 ± 0.05 9.60 ± 0.07 <0.001*** 

***means “highly reliable” (p < 0.001), **means “reliable” (p < 0.01), *means 
“unreliable”. 

 
Mast cells amount counting in different fields of view 

in histological slides, stained by histochemical methods, 
showed gradual increase of their quantity from 10th to 
40th day of postnatal development in control group rat 

progeny skin (from 13.08 ± 0.98 to 16.44 ± 0.36). Ratio 
results of mast cells amount are given in Table 2 and on 
Figure 3. 

In return, in control group rat progeny skin decrease of 
mast cells amount was noted (from 24.08 ± 0.73, p < 
0.001 to 16.16 ± 0.34, p = 0.87) from 1st till 40th day of  
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(b) 

Figure 2. Rat progeny skin on the 1st day of postnatal devel- 
opment. Staining by Bismark brown. Arrows show mast cells. 
(a) Mast cells in skin dermis of progeny of control females. 
Magnif. ×600; (b) Mast cells amount increase in skin dermis of 
progeny of hypothyroid females. Magnif. ×600. 
 
Table 2. Mast cells amount in progeny skin of control and hy- 
pothyroid females. 

Control Experiment 
Animal groups 

М ± m М ± m р 

1st day 17.0 ± 1.11 24.08 ± 0.73 <0.001*** 

10th day 13.08 ± 0.98 21.84 ± 0.94 <0.001*** 

20th day 14.28 ± 0.13 18.48 ± 0.39 <0.01** 

40th day 16.44 ± 0.36 16.16 ± 0.34 =0.87 

***means “highly reliable” (p < 0.001), **means “reliable” (p < 0.01), *means 
“unreliable”. 
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postnatal development. When comparing mast cells in- 
vestigation results of control and hypothyroid female 
progeny skin, we noticed, that latter amount in experi- 
mental groups was slightly larger, so for example, on the 
1st day of postnatal development in experimental groups 
was equal to 17.0 ± 1.11, while in experiment their 
amount increased to 24.08 ± 0.73, p < 0.001. Increase in 
their amount was also observed on the 10th and 20th days 
of postnatal development, but on 40th day these cells 
amount hardly differed in progeny skin of control and 
experimental animals (Table 2 and Figures 3-5). Mast 
cells counting showed the wave-like increase of their 
amount with further stabilization on the 40th day of post- 
natal development (Figure 3).  

Mast cells are on of starting effector of inflammation 
and source of large amount of inflammation initial me- 
diators, such as histamine, serotonin (in small rodents), 
cysteine leukotrienes, prostaglandins (mainly D2), factor 
which activates trombocytes, numerous enzymes et al. 
Because of this mast cells largely detect further events in 
mediator cascade and in intercellular interactions in fo- 
cus [9]. That is why, mast cells quantity increase in ma- 
ternal hypothyroidism certifies, that high risk of allergic 
reactions development exists in the period before pub- 
erty. Probably, gradual decrease in difference of mast 
cells amount with age is connected with processes of 
adaptation to environment and transition to independent 
way of feeding. Such phenomenon may be connected 
also with decrease of immune status as the answer to hy- 
pothyroid condition and mast cells ratio in control and 
experimental animals. Changes in immune status during 
hypothyroidism also noted [3].  

Previously conducted by us lectin histochemical in- 
vestigations of progeny skin slides of different age 
groups showed, that lectins (SNA, WGA, PNA, HPA, 
Con A and LABA) binded with structural components of 
skin, epidermis (stratum corneum), with structural com- 
ponents of hair (cortex and medulla), with dermis fiber  
 

14,28

16,4417

13,08

21,84
24,08

16,16

18,48

0

5

10

15

20

25

30

1st day 10th day 20th day 40th day

days of postnatal development

m
as

t c
el

ls
 a

m
ou

nt

Control Experiment

24.08 

21.84 

14.28 

18.48 
16.44 16.16

13.08 

 

Figure 3. Ratio of mast cells amount in progeny skin of control 
and hypothyroid rat females. 

 

 
(a) 

 

 
(b) 

Figure 4. Rat progeny skin on the 40th day of postnatal de- 
velopment. Staining by Bismark brown. Arrows show mast 
cells. (a) Mast cells in skin dermis of progeny of control 
females. Magnif. ×600; (b) Mast cells in skin dermis of 
progeny of hypothyroid females. Magnif. ×600. 

 
structures, with cell surface of sebaceous glands [19,20]. 

Along with this, exhibiting of GNA mannose-specific 
lectin was certified on the mast cells surface of animal 
progeny skin of control and experimental group (Figure 
6). 

It is known, that important role in cell functioning 
providing belongs to mannose- and fucoseglycans [21]. 
Mast cells have receptors to antibodies, which belong to 
class E immunoglobulins (IgE) [22]. Probably, glyco- 
conjugates as αDMan ensure adhesive properties of im- 
munoglobulins in response to antigens, intensified exhib- 
iting of GNA lectin receptors probably point to their in- 
creased functional activity.  

Besides GNA lectin receptors, we detected exhibiting 
of PNA lectin receptors in mast cells cytoplasm. Similar 
binding of this lectin with mast cells surface of salivary 
glands stroma of rat progeny was detected by [23]. GNA 
and PNA lectins, used by us, can be considered as mark- 
ers of rat skin mast cells. 
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Figure 5. Rat progeny skin on the 40th day of postnatal de- 
velopment. Semifine section. Staining by toluidine blue. Ar- 
rows show mast cells. (a) Mast cells in skin dermis of prog- 
eny of control females. Magnif. ×600; (b) Mast cells in skin 
dermis of progeny of hypothyroid females. Magnif. ×600. 

4. CONCLUSIONS 

1) On the background of female hypothyroidism mor- 
phofunctional changes in progeny thyroid glands were 
observed, as evidenced by the morphological change in 
gland structural components and thyroid cells morpho- 
metric parameters. In progeny skin of control animals the 
largest amount of mast cells has been observed on the 1st 
day of postnatal development with further insignificant 
decrease on the 10th day and their gradual increase till 
40th day.  

2) Under the influence of maternal hypothyroidism the 
increase of mast cells amount is observed in progeny 
skin comparatively to control from the 1st to 20th days, 
with gradual decrease on the 40th day to indicators in 
control group. Till 40th day of postnatal development, 
according to the mast cells amount, progeny of rat hypo- 
thyroid females can be included into the risk group of 
immune status change and allergic reactions beginning. 

 

 
(a) 

 
(b) 

Figure 6. Rat progeny skin on the 10th day of postnatal de- 
velopment. Semifine section. Arrows show mast cells. (a) 
GNA lectin receptors on mast cells surface in progeny skin 
of control females. Magnif. ×600; (b) GNA lectin receptors 
on mast cells surface in progeny skin of hypothyroid females. 
Magnif. ×600. 

5. PERSPECTIVES OF FURTHER  
INVESTIGATIONS  

In perspective more detailed study of tropism of lectins 
with different carbohydrate specificity to mast cells of rat 
progeny skin is planned. 
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