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Abstract: Twenty lectins with different carbohydrate affinities, including five new lectins purified from fungi,
were used for histochemical examination of carbohydrate determinants in rat ovaries and endometrium under
experimental hyper- and hypothyroidism. In the ovaries of control rats, lectin binding was detected predomi-
nantly in the zona pellucida and corona radiata of growing follicles, luteocytes, and leucocytes. Within the en-
dometrium, lectins reacted strongly with the luminal surface, epitheliocytes and secretions of the uterine glands,
pre-decidual cells, leucocytes, and collagen fibers. As revealed on general morphology and estrous cycle studies,
hyperthyroidism induced ovarian luteinization, and increased the content of pre-decidual cells and of collagen
fibers in the endometrium, with no reliable effect on the estrous cycle. Hypothyroidism was accompanied by
retardation of the estrous cycle, enhanced folliculogenesis and leucocyte infiltration of ovarian and endometrial
stroma. Both hyper- and hypothyroidism significantly affected the tissue carbohydrates of the ovaries and en-
dometrium: specific and differential redistribution of DMan, LFuc, NeuNAc, DGIcNAc, DGalNAc, and DGal
determinants was detected under both pathological conditions. Hyperthyroidism induced more severe alter-
ations of glycoconjugates than hypothyroidism; the endometrium was more susceptible to thyroxin-modulated
impairments than the ovaries. These results give new insights into the pathogenetic mechanisms of the effects of
thyroid disorders on the female reproductive organs and demonstrate the suitability of lectin histochemistry
methods for monitoring the efficacy of hormonal imbalance correction therapy, as well as the applicability of
new lectin preparations for the selective labeling of ovarian and endometrial constituents. (Folia Histochemica et
Cytobiologica 2012, Vol. 50, No. 3, 331-339)
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Introduction

Thyroid disorders are currently among the most wide-
spread endocrine pathologies, affecting about 3% of
the world’s population [1]. In Ukraine over the past
ten years, the incidence of thyroid disorders, predom-
inantly due to Chornobyl accident contaminants, has
increased three-fold [2]. In addition, the population of
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the Carpathian region, living in an area where iodine
deficiency is endemic, requires special care [3].

The thyroid gland plays an important role in the
histophysiology of the female reproductive system.
Both hyperthyroidism and hypothyroidism may affect
sexual maturation and menstrual function, inhibit fer-
tility, and increase the rates of gynecological disorders,
spontaneous abortions, and fetal mortality [4-8, 20].
A literature survey revealed that, despite numerous
clinical observations correlating thyroid pathologies
and reproductive dysfunction, the theoretical aspects
of this problem are far from being completely resolved.

The crucial roles of carbohydrate determinants
during oocyte maturation, fertilization, implantation,
gastrulation, and cell sorting, have been well docu-
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mented [9-13]. Therefore, glycoconjugate rearrange-
ment in the female reproductive organs under differ-
ent pathological conditions can be of special interest
for clinical and experimental medicine. The relevant
literature lacks information reflecting the effect of thy-
roid hormone imbalance on the glycome of the fe-
male reproductive organs.

The aim of this study was to use a panel of lectins
with different carbohydrate affinities to investigate
carbohydrate determinant redistribution in rat ova-
ries and endometrium under experimental hyper- and
hypothyroidism.

Material and methods

Animals. The study was performed on 65 female Wistar rats,
subdivided into five groups: control, hyperthyroid, hypothy-
roid, and two groups subjected to simultaneous induction
of hypothyroidism and thyroxin therapy. Hyperthyroidism
was induced with 100 ug/kg of L-thyroxin (Pharmak, Kyiv,
Ukraine), and hypothyroidism was induced with 10 mg/kg
of the antithyroid drug mercazolil (1-methyl-2-mercapto-
imidazole, Zdorovja, Kharkiv, Ukraine), which were added
daily in powdered form to the rats’ food allowance for 14
days. Replacement therapy was maintained by simultaneous
food supplementation of mercazolil-treated animals with
thyroxin: first replacement group — 1.6 ug/kg; and the sec-
ond replacement group — 30 ug/kg. Starting from day 15 of
the experiment, simultaneously with thyroxin or mercazolil
treatment, microscopic investigation of vaginal smears (es-
trous cycle analysis) was performed for the following 21 days.

The investigation was carried out according to the ethical
criteria for the use and handling of laboratory animals estab-
lished by Lviv National Medical University in accordance with
the ‘General ethical principles on experiments with animals’
of the 1* National Congress on Bioethics (Kiev, 2001) and in
compliance with the National Institutes of Health (NIH) Guide
for the Care and Use of Laboratory Animals (1996).

Tissue specimens. Rats were sacrificed during the diestral
period of the cycle by diethyl narcosis overdose. The ova-
ries, uterine wall (midpiece of the uterine horns), and thy-
roid glands were excised, fixed in 4% neutral formalin, and
embedded in paraffin. For general morphology, 5- to 7-um-
thick tissue sections were stained with hematoxylin-eosin.
Thyroid specimens were examined to morphologically con-
firm the induction of hyper- or hypothyroidism. In particu-
lar, thyroxin overdose was accompanied by significantly low-
ered epithelium and compacted colloid within the thyroid
follicles, while, on the other hand, mercazolil treatment was
associated with increased activity of thyroid follicles, includ-
ing enhanced thyrocyte height and colloid resorption.

Lectin histochemistry. The lectin panel included 15 con-
ventional lectins, supplemented with five new lectins puri-
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fied from fungi [14] (Table 1). All lectins and their peroxi-
dase conjugates were prepared by Dr. V. Antonyuk (Lecti-
notest, Lviv, Ukraine). Carbohydrate determinants were
visualized according to the lectin-peroxidase-diaminoben-
zidine staining protocol [15].

In detail, deparaffinized sections were incubated for
20 min in methanol containing 0.3% H,0, to block activi-
ty of endogenous peroxidase, through graded ethanol
brought to phosphate buffered saline (PBS) pH 7.4, rinsed
in three portions of PBS (5 min each), and incubated for
45 min with lectin-peroxidase conjugates (dilution 25-50
ug/ml in PBS) in a moist chamber at room temperature.
Lectin receptor sites were visualized in PBS, containing
0.05% diaminobenzidine (Sigma, St. Louis, MO, USA) and
0.015% H,O,. Thereafter slides were twice washed in dis-
tilled water, and after dehydration mounted in balsam.

The specificity of histochemical reactions was controlled
by: (1) omitting lectin-peroxidase from the staining proto-
col; and (2) pre-incubation of tissue sections prior to lectin
labeling for 60 min in 1% HIO, (Reanal, Budapest, Hunga-
ry) for oxidative damage of carbohydrate determinants. In
both cases, staining results were negative.

Microscopic investigation was performed using a Carl
Zeiss Ng (Jena, Germany) microscope equipped with
a Canon IXUS 700 digital camera (Canon, Tokyo, Japan).
For the evaluation of lectin binding, two investigators per-
formed the analysis independently, blinded to lectin type.
Binding intensity was represented in the semiquantitative
scale as follows: + + strong, + positive, — negative labeling.

Results

Estrous cycle

Experimental hyperthyroidism had no reliable effect
on the frequency and duration of the estrous cycle.
On the other hand, hypothyroidism induced retarda-
tion of the estrous cycle: over 21 days of observation,
there were 4.7 = (0.24 estruses in the control group
compared to 3.5 = 0.24 estruses in the mercazolil-treat-
ed group. The duration of estruses decreased signifi-
cantly from 10.7 + 0.62 days in the control group to
5.9 = 1.5 days in the hypothyroid group. Similar retar-
dation of estrous cycles was also detected in rats that
received mercazolil in combination with 1.6 ug/kg of
thyroxin, while animals given combined mercazolil and
30 pg/kg of thyroxin demonstrated estrous cycle pa-
rameters similar to those of control rats. These results
indicate that estrous cycle retardation was induced by
antithyroid activity, not as a side effect of mercazolil.

General morphology

The ovaries of hyperthyroid rats characteristically
showed an enlarged number of hypertrophic corpora
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Table 1. Lectins used and their carbohydrate specificity
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N° Lectin designation, Specific Complementary oligosaccharide/
abbreviation monosaccharide /polysaccharide*

1. Canavalia ensiformis agglutinin, Con A aDMan/aDGlc Glycogen

2. Lens culinaris agglutinin, LCA aDMan/aDGlc

3. Narcissus pseudonarcissus agglutinin, NPA aDMan Man(a1-3/6)Man,

Man(a1-3)Man(81-4)GlcNAc

4. Perca fluviatilis agglutinin, PFA aLFuc Fuc(a1-2)DGal(B1-3)DGalNAc

5. Lucioperca lucioperca agglutinin, LLA aLFuc

6. Laburnum anagyroides bark agglutinin, LABA LFuc Gal(f1-4)Fuc($1-3)Glc

7. Laburnum anagyroides seed agglutinin, LASA LFuc, DGal

8. Evonymus europaeus agglutinin, EEA LFuc, DGIcNAc LFuc(a1-2)DGal($1-3)DGal

9. Sambucus nigra agglutinin, SNA NeuNAc(a2-6)DGal NeuNAc(a2-6)Gal(B1-4)GIcNAc(51-2)

10. Ricinus communis agglutinin, RCA pDGal>NeuNAc NeuNAc(2-6)Gal(1-4)GIcNAc

11. Wheat germ agglutinin, WGA DGIcNAc>NeuNAc NeuNAc(a2-6)Gal(81-4)GIcNAc,

Man($1-4)GlcNAc(51-4)GleNAc

12. Urtica dioica agglutinin, UDA DGIcNAc (DGlcNAc),

13. Peanut agglutinin, PNA DGal DGal(B1-3)GalNAc

14. Soybean agglutinin, SBA aDGalNAc>pDGalNAc GalNAc(a1-3)Gal(f1-3)GalNAc

15. Helix pomatia agglutinin, HPA aDGalNAc GalNAc(a1-3)GalNAc

16. Mycena pura fungus agglutinin, MPFA aDMan, DGIcNAc GlcNAc(f1-2)Man(a1-6)/(a1-2)

17.| Lactarius pergamentus fungus agglutinin, LPFA DGal DGal(31-3)DGIcNAc,
complex oligosaccharides

18. Lactarius torminosus fungus agglutinin, LTFA DGal DGal(B1-3)DGIcNACc,
complex oligosaccharides

19. Paxillus atrotomentus fungus agglutinin, PAFA DGal Complex oligosaccharides

20.| Laetiporus sulphureus fungus agglutinin, LSFA DGal DGal(B1-4)DGIcNAc,

DGal($1-4)DGIcNAc(1-3)Gal(1-4)Glc

*More detailed information on carbohydrate affinities of used lectins is presented in [14, 15]

lutea, while hypothyroidism induced increased counts
of growing and atretic follicles and decreased counts
of corpora lutea in association with leucocyte infil-
tration of the ovarian medulla.

The endometrium in hyperthyroidism showed dis-
tension of the vascular bed and increased amounts of
pre-decidual cells and collagen fibers. Hypothyroid-
ism was accompanied by heavy leucocyte infiltration
of the endometrial stroma.

Lectin histochemistry

In the ovaries of control rats, all lectins reacted with
the zona pellucida and corona radiata, cytoplasmic
granularity of oocytes in growing follicles, and luteo-
cytes of corpora lutea (Table 2). Several lectins (NPA,
PNA, MPFA, LTFA) expressed high affinity for folli-
cular fluid. The most selective affinity for the zona
pellucida and the corona radiata of different types of
follicles, as well as for corpora lutea demonstrated
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SBA (Figure 1A). Moreover, WGA and UDA in-
tensely labeled the hyalinized zona pellucida of atretic
follicles.

Within the endometrium, the lectin label was at-
tached primarily to its luminal surface, apical compart-
ments of glandular epitheliocytes, secretions of some
glands, and cytoplasmic glycoconjugates of pre-decid-
ual cells, leucocytes, and collagen fibers (Table 3). The
best selectivity of leucocyte labeling was obtained with
WGA, PNA, UDA, SBA, and HPA. The collagen fi-
bers in the endometrium of control rats expressed most
selective affinity for SNA and SBA (Figure 2A).

Of special interest was the histochemical reactivi-
ty of new lectin preparations: MPFA selectively la-
beled the zona pellucida in atretic follicles. PAFA ex-
pressed preferential reactivity for the zona pellucida
and corona radiata in growing follicles. LPFA, L'TFA,
LSFA, and PAFA, all specific to DGal residues of
complex carbohydrates, in fact expressed differential
affinity to ovarian and endometrial components.
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Table 3. Effects of hypothyroidism and hyperthyroidism on lectin labeling in rat endometrium

A Lutsyk, E Sogomonian

N° Lectin, and its Experimental Endometrial structures
carbohydrate group Glands
specificity Surface | Epithelium | Secretory | Collagen | Pre-decidual| Leucocytes
epithelium products fibers cells
1. Con A, Control rats + + + - + - +
aDMan/aDGlc Hypothyroidism + + + - + - + +
Hyperthyroidism + + + + + + + + —
2. LCA, Control rats + + - + + +
aDMan/aDGlc Hypothyroidism + + - + + +
Hyperthyroidism + + - + + +
1. NPA, Control rats + + - + + + +
aDMan Hypothyroidism + + + + + + + + +
Hyperthyroidism + + + + + + + + + + +
4. PFA, Control rats + + - - - + +
alLFuc Hypothyroidism + + + + + + +
Hyperthyroidism + + + + + ++
5. LLA, Control rats + + + - _ T+
aLFuc Hypothyroidism + + + + + - - + +
Hyperthyroidism + + + + + + + + +
6. LABA, Control rats + + - + + +
LFuc Hypothyroidism + + + + - + + +
Hyperthyroidism + + + + + + + + + +
7. LASA, Control rats + + + + + +
LFuc,DGal Hypothyroidism + + + + + + +
Hyperthyroidism + + + + + + + + + _
8. EEA, Control rats + + _ T T T
LFuc, Hypothyroidism + + - - + ++
DGIcNAc Hyperthyroidism + + - + + + + + +
9. SNA, Control rats + + + — + T T+
NeuNAc(a2-6)DGal Hypothyroidism + + + + - - + + +
Hyperthyroidism + + + - + + + + +
10. RCA, Control rats + + + - + + - + +
BDGal Hypothyroidism + + + - + + _ + +
NeuNAc Hyperthyroidism + + + + + + + + -
11. WGA, Control rats + + - + + + +
DGIcNAc Hypothyroidism - + - + + + + +
NeuNAc Hyperthyroidism + + - - + + + + + +
12. UDA, Control rats + + - + + _
DGIcNAc Hypothyroidism + + - + + + +
Hyperthyroidism + + + + + + + _
13. PNA, Control rats + + - + + +
DGal Hypothyroidism + + - + + + +
Hyperthyroidism + + - + + + ++
14. SBA, Control rats + + + + + +
aDGalNAc Hypothyroidism + + + + + + + + +
BDGalNAc Hyperthyroidism + + + + + + + + + + +
15. HPA, Control rats + + - + + +
aDGalNAc Hypothyroidism + + - + + + +
Hyperthyroidism + + - + + + +
16. MPFA, Control rats + + + + + + _
DMan, Hypothyroidism + + + + + + + +
DGIcNAc Hyperthyroidism + + + + + + + + —
17. LPFA, Control rats + + - + + +
DGal Hypothyroidism - - - + + +
Hyperthyroidism - - - + + + + +
18. PAFA, Control rats + + - + + + +
DGal Hypothyroidism + + - + + + +
Hyperthyroidism + + + + + + + + + + +
19. LTFA, Control rats - - + + +
DGal Hypothyroidism - - - + + +
Hyperthyroidism - - - + + + +
20. LSFA, Control rats - - - — — _
DGal/DGlc Hypothyroidism - - - -
Hyperthyroidism - - - - - _

Binding intensity: + + strong; + positive; — negative labeling
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Both hyper- and hypothyroidism induced signifi-
cant redistribution of DMan, LFuc, NeuNAc,
DGIcNAc, DGalNAc, and DGal determinants in the
ovaries and endometrium. The most representative
results are summarized in Tables 2-3 and Figures 1-3.
It is noteworthy that the reduction of certain residues
was combined with overexposure of others, but dif-
ferent structural elements of the ovaries and en-
dometrium demonstrated rather specific modes of
such redistribution.

In particular, hypothyroidism induced enhanced
SBA reactivity of ovarian follicles granulosa cells and
cytoplasmic granularity of oocytes (Figure 1). Col-
lagen fibers in the endometrium of hyperthyroid rats
expressed additional receptor sites for LABA, SNA,
MPFA, LPFA, LTFA, and PAFA, while in control rats,
these fibers were only slightly positive with LABA,
LPFA, MPFA and SNA (Figure 2). Selective lectin la-
beling of leucocytes was useful for demonstrating hy-
pothyroidism-induced accumulation of these cells
within ovarian and endometrial stroma, even in cases
when the surrounding tissues expressed reduced lec-
tin reactivity (Figure 3). It was also shown that hyper-
thyroidism altered ovarian and endometrial glycocon-
jugates more strongly than hypothyroidism; the en-
dometrium was more susceptible to thyroxine-mod-
ulated impairments than the ovaries.

Rats given mercazolil with 30 wg/kg of thyroxin
demonstrated normal leucocyte counts and normal
amounts of collagen fibers, as well as normal lectin-
binding characteristics in the ovaries and endometri-
um, except for slightly reduced reactivity of collagen
fibers with SBA, HPA, and PNA. Mercazolil given in
combination with 1.6 ug/kg of thyroxin was accompa-
nied by all of the typical signs of induced hypothy-
roidism, thus proving that the above dose provided
an insufficient replacement.

Discussion

The present observations of the morphological and
functional changes in the ovaries and endometrium
correlate with previously reported data [16, 17] and
indicate the negative effects of both hyper- and hy-
pothyroidism on the female reproductive system. It
is most likely that an altered balance of thyroid hor-
mones affects the hypothalamic-pituitary-gonadal axis
[5, 7]. Disorders in the hormonal activity of the ova-
ries apparently induce the histopathological changes
in the endometrium.

The present data on increased folliculogenesis and
inhibited corpora lutea formation under hypothyroid
influence are to a certain extent at variance with the
results reported by Hapon et al. [18], who described
prolonged activity of corpus luteum gravidarum in
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hypothyroid rats. At the same time, the present re-
sults are in good agreement with the clinical observa-
tions of polycystic ovary syndrome associated with
hypothyroidism [19].

The present findings on decreased lectin reactivity
of collagen fibers in hypothyroid endometrium support
the earlier observations of Saha et al. [20], who report-
ed decreased synthesis in combination with enhanced
degradation of collagen fibers in hypothyroid rat ova-
ries. We detected an adverse reaction — extra collageni-
zation of hyperthyroid endometrium, probably result-
ing from the stimulatory influence of hyperthyroidism
on all cells, including fibroblasts, thus leading to the in-
creased production of collagen fibers. Moreover, thy-
roxin stimulates production of progesterone releasing
factor [7], which, via the effect of progesterone, appar-
ently stimulates the accumulation of pre-decidual cells.

Our results on the intense lectin binding to ovari-
an and endometrial constituents confirm the obser-
vations of others on the vast diversity and important
role of glycoconjugates in the histophysiology of the
female reproductive system [9, 12]. The diversity of
different classes of carbohydrates in the ovaries (Fig-
ure 4) and endometrium apparently results in multi-
ple possible forms of rearrangement under experi-
mental conditions.

It can be speculated that, induced by hyper- and
hypothyroidism, the reported trends in the redistri-
bution of lectin receptor sites could involve two main
mechanisms: (1) incomplete final glycosylation pat-
terns of tissue carbohydrates, resulting in exposure
of subterminal sugar residues; (2) alterations of lyso-
somal exoglycosidases (i.e. D-mannosidase, L-fucosi-
dase, D-galactosidase, N-acetyl-D-hexosaminidase)
synthesis, leading to the accumulation or unmasking
of certain lectin receptor sites (Figure 4). The latter
mechanism is supported by the recent observations
of Szajda et al. [21], who reported exoglycosidases
impairments in patients with neoplasia.

Conclusions

1. Thyroid disorders induce significant redistribution
of carbohydrate determinants in female reproduc-
tive organs: hyperthyroidism causes more severe
alterations of glycoconjugates than hypothyroid-
ism, with the endometrium being more suscepti-
ble than the ovaries.

2. New lectin preparations from fungi (MPFA,
LPFA, LTFA, PAFA, LSFA) proved to be useful
tools for selective labeling of ovarian and endome-
trial constituents.

3. Lectin histochemistry methods can be recom-
mended for monitoring the efficacy of pharmaco-
logical treatment of endocrine pathologies.
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Figure 1. SBA labeling in growing ovarian follicles of control (A) and hypothyroid (B) rats. Enhanced reactivity of
granulosa cells and cytoplasmic granularity of oocytes induced by hypothyroidism are seen: oc — oocyte;
zp — zona pellucida; cr — corona radiata. Original magnification X 400

Figure 2. Micromorphology of control (A) and hyperthyroid (B) rat endometrium. Thick bundles of collagen fibers show increased
lectin reactivity (B) with the MPFA lectin label: eg — endometrial gland; cf — collagen fibers. Original magnification X 400
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