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SUMMARY: Nucleolus Organizer Regions (NORs) are defined as nucleolar components containing argyrophilic proteins
selectively stained by silver methods (AgNORs). Several investigations have shown the AQNOR quantity and area repreiskent a valua
parameter of cell kinetics, since they reflect the level of activity and cellular proliferation. This article addressesataregbthe
functional activity and relation between days of pregnancy and proliferative capacity of trophoblastic mononucleate aaté billscle
from bovine placentomes. Both the number and size of AQNORs were determined in different phases of gestation by silver nitrate
staining in conventional histological slides. The results showed a significant increase (from 1 to 12 AQNORS) in the AgiNRQER 8f
per trophoblastic mononucleate cell in the 3rd trimester, with predominance of 4-6 AgNORs/cell. In the 1st and 2nd tiireesters,
number ranged between 1 and 9 AgNORs/cell, with predominance of 1-3 AgQNORs. No significant differences were observed between
the 2nd and 3rd trimesters, but in the first, in binucleate cells (19-27 and 10-18 AgNORs/cell, respectively) - this numdyenttzan
the one registered in trophoblastic mononucleate cells in the same period. Thus, AQNORs can be used as markers oftitres prolifera
placental cell cycle and established a relation between number of AQNORs and days of gestation. This relation can hagmeestfor d
and prognoses of several placental pathologies, including pregnancy losses from manipulated embryos.
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INTRODUCTION

Nucleolar Organizer Regions (NORs) were first When stained by silver, NORs can be easily identified
described by Heitz (1931) and McClintock (1934) as regioras black dots of larger or smaller size, exclusively located in
of lightly colored chromatin around which, at the end of thihe nucleolar area and called AQNORs (Treré 2000). They
telophase, the nucleolus is formed again after it@re structural-functional units in the nucleolus where all
disappearance in the cell's mitotic phase. components necessary for the synthesis of ribosomal RNA

are located. Their number is closely related to the

NORs are made of rDNA cistrons (clusters) thatranscriptional activity of RNAr and agility and speed of
normally form one or more nucleoli. However, in someell proliferation in the tissue studied (Derengiral, 1989).
situations, they are sprayed inside the nucleus, in the form of
dots (dots), or in modified forms (Goodpasture & Bloom, 1975). The number and size of NORs significantly vary

within the nucleolus, according to the RNAr's transcriptional

A peculiar group of acid proteins of high affinity for activity. Each silver-colored dot (DOT) corresponds, at the
silver is located in the same region of NORs, and can b#rastructural level, to the fibrillar center in close association
clearly and quickly visualized by colorings with the use oivith the dense fibrillar component (Derenzatial, 1990;
silver nitrate (Goodpasture & Bloom). Derenzini & Ploton, 1991).
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Binucleated cells are formed through caryocene There is evidence that in cells in proliferation AQNOR
processes not followed by citicines, that is, there is lzetween the nucleolar protein and the nuclear phosphorescent
duplication of the nucleus without cytoplasm divisiorprotein, has gradually increased since the beginning of phase
(Bjorkman, 1982). Its nuclear division is terminated by mi&1, reaching the maximum value at the end of phase S and
tosis and cytoplasm division never occurs, whichemains constant until the end of G2.
demonstrates its proliferative incapacity (Winsatt, 1980).

Of particular interest is the discovery of the AQNOR

Silver staining has been widely used in the diagnosisterphase number and cells proliferate rapidly. It has been
and prognosis of several types of tumors; it efficientlproven that in human’s tumor cell lines of different origins
characterizes cell proliferation, since cancer cells have a laxgétivated in vitro are shorter the greater the amount of time
amount of AQNORs, whereas cells from benign or norm#he AgNORs cell doubles (Treset al, 1989; Derenzinét
lesions have a smaller number (Derenahial., 1989). al., 1990; Ofneret al, 1992; Derenzinet al, 1995). By
However, the rate of cell proliferation of malignant tumorstudying the relationship between the amount of interphase
is not always higher than that of normal cells or benigAgNOR and the doubling time of the tumor, these data are
tumors. confirmed in vivo xenotransplantation of human cancer cells

in thymus mice (Trerét al, 1997).

Few studies on non-tumor tissues have been
developed — especially regarding trophoblastic tissue, some  Considering the growth of both placenta and mono
refer to tissues from abortions (hydrops, complete or part@ahd binucleated trophoblastic cells, this study aimed to de-
hydatidiform mole) (Sureskt al,1990; Neudeclet al, termine a quantitative relationship between cell proliferation
1997), but no reference related to normal tissue has beard stage of pregnancy through AQNORs (used as markers
found. in bovine placentas) quantification and highlight an intense

proliferative and metabolic activity of binucleated cells. The

Trophoblastic cells are divided into two largestandard of normality was established for bovine pregnancies
populations, namely mononucleated and binucleated celisr their comparison with abnormal pregnancies or those
which account for approximately one fifth of the totafrom embryos manipulated in the laboratory.
population. They produce several hormones and growth
factors associated with fetal growth and maintenance of
pregnancy (Schlafest al, 2000). MATERIAL AND METHOD

The development of the tetraploid nucleus can be
explained by two subsequent cellular dynamics mitoses in Five samples of bovine placentomes from the first
the life history of its TGC dinucleotide (Kliscét al, trimester of pregnancy, 9 samples from the second trimester,
1999a,b). and 7 from the third trimester were collected from the uterus

of slaughterhouse pregnant horns positioned dorsally to the

The invasion of trophoblasts during placentafetus, immediately after the uterus had been removed. They
formation includes several stages. In these stages, trophobleste then cut into cubes of approximately 0.5 cm, packed
cells enter different cell types and may invade different areamsa bottle with 10 % buffered formaldehyde, and fixed for
of the uterine wall. The population of trophoblastic cell24 hours. The material inclusion process, which consists of
differs in the depth of penetration into the uterine wall anain increasing series of alcohols for dehydration, xylol for
in the form of invasion. In rodents, trophoblastic cells thatlarification and later inclusion in paraffin, was initiated.
undergo embryonic implantation produce large primaryhe slides were prepared in duplicate, and the cuts were
trophoblastic cells (PGTC), which dissolve the epitheliurplaced in an oven at 560C for complete fixation and
of the endometrium and migrate from time to time (Albeginning of dewaxing. The process was completed with
Abbass & Schultz, 1966). the immersion of the slides in xylol and the decreasing se-

ries of alcohols for rehydrating the cuts. The first slides were

The NOR interface uses rRNA synthesis. All thestained with Hematoxylin-Eosin (HE), for correct tissue
necessary components of the rib the body's transcription asaluation. A pair of slides was stained with Silver Nitrate
located within the NORs limit: the rRNA genes ardAgNO3), where the cuts were immersed in a final 1:2
completely in the non-nucleosomal stage. The extendsdlution consisting of colloidal solution (gelatin 2 % and
structure (a configuration, which is ready for transcriptionfprmic acid 1 %) and silver nitrate solution (1:1). The slides
RNA polymerase |, RNA polymerase | and topoisomerasenere then placed in the oven at 370C in a humid chamber,
(Derenziniet al,, 1990). where they remained for approximately 20 minutes. After

1359



CARNEIRO, P. DOS S.; SASAHARA, T. H .C.; CARVALHO, H. J. C.; MIGLINO, M. A. & GOMES, S. P. Determination of the relationship among cell proliferation, metabolic activity and stage
of pregnancy by AgNORs as markers in bovine placémital. Morphol., 39(5)L358-1364, 2021.

washing with water, the 1 % sodium thiosulfate solution weBRESULTS
applied for one minute and a new wash was performed. The
slides were dried at room temperature. The capture and
digitalization of the images and subsequent counting of The total number of AQNORs (dots and clusters)
AgNORs were performed under an optical microscope (Leiexpressed by mononucleated trophoblastic cells in the three
Diaplan) of 400X magnification, in CCD-IRIS Sonytrimesters of pregnancy was analyzed. The quantities of
Company system. A statistical analysis involving nonAgNORs per cell (1-3, 4-6, 7-9 and >9) were grouped so as to
parametric t-Student and One-way ANOVA tests for p=0.0&haracterize the trimesters. The first and second trimesters
and a Tukey's multiple comparisons test were theatisplayed a similar behavior regarding number of predominant
conducted.All animals’ experiments were made iAgNORSs/ cell, since most of the counted cells showed 1 to 3
accordance with ARRIVE guidelines and national andgNORs (26.1+ 9.7 and 24.9£13.0, respectively),
international laws of animal protection. significantly differing (p<0.05) from the quantity found in the
third trimester (8.9 9.0). Cells with 4 to 6 AQNORs were the
Ethics approval. The present work was approved by Ethicenost in the third trimester (166 8.9), with a significant

Committee on Animal Using and received the number 330/
200. difference (p<0.05) in relation to the first trimester

(6.0+ 3.8), but not to the second quarter (128.9,
Table 1. Mononucleated bovine placentonium trophoblastic cells in differeqz>0.05). An analysis of larger amounts of AQNORs

trimesters of pregnancy (%) and number of AGQNORs. per cell (7 to 9) revealed a continuous larger number
AGNORS 1a3 426 7 a9 >9 01_‘ cells (7.3t 6.3) in comparison tdnée first_ and secqnd
1°timeter 261497 6009 16:09 04z0p0 Uimesters(161-0.9and #d.3, respectively), which
n=5 is a significant difference (p<0.05) (Table I; Fig. 1
2°trimester  249+130 120£69 1613 13%05 The total number of AgNORs (dots and
n=9 clusters) expressed by binucleated trophoblastic cells
1° trimester 8,9+8,9 166+89 7,363 3,7+35  wasalsoanalyzed in the three trimesters of pregnancy.
n=7 Once again, the quantities of AQNORs found per cell

Table II. Binucleated trophoblastic cells of bovine placentonium in different.c. grouped (10-18, 19-27, 28-36 and >36) for

trimesters of pregnancy (%) and number of AQNORs. characterizing the trimesters. (Fig. 3).

AgNOR: 10a18 19a27 28a36 36 .

Og : S a a a > The firstinterval evaluated (10 to 18 AQNORs/
i_;”me’ter 24+04  14+09  00£00 00%00  (g))) showed no significant differences among the
2° trimester 35413 46418 22403 00400 thrge tnmesters;. howe_ver, Fhls was the interval in
n=9 which most cells in the first trimester were (2.8.4).
1° trimester 4025 50412 32+20 23+09 Thg sgpond |rjterval (19 to 27 AgNORs/cell) §howed
n=7 a significant difference (p<0.01) between the first (1.4

+ 0.0) and the second trimesters (4.6

1.8) — the difference was even larger
Rl (p<0.001) between the first and the third
=112 BB trimesters (5.0 1 1.2). Moreover, most
binucleated cells in the second and third
trimesters were in this range. Similar
results were found for the third analysis
interval (28 to 36 AQNORs/cell), with the

first trimester (0.2 * 0.0) significantly

differing (p<0.05) from the second (2.2

==mA 3° trimester

Number of cells (%)

10-18 19-27 28-36 >36

Number of AgNOR/cell
o difference between the first and second trimester
= difference between the first and third trimester Fig. 1. Distribution of mononucleated bovine
s, *:p<0,05; placentonium trophoblastic cells according to
00, **:p<0.01; the trimesters of pregnancy and number of
e, * % p<0,001 AgNORs per cell.
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+ 0.3) - the difference was larger (p<0.001) in relation to thdifferences (p<0.001) between the first (&.D.0) and the
third trimester (3.2 1 2.0). A comparison among the trimestessecond trimesters (04£20.0) in relation to the third (280.9)
for the last interval (>36 AgNORs/cell) revealed significan{Table II; Fig. 2).

50 7
40 1° trimester
[7)
% 1 2° trimester
O 3 - E==3 3° trimester
(e
[S)
ﬂh’ 20 -+
2
§ ﬁ
4 10 1 *
o 4 — ﬁ_ Fig. 2. Distribution of bovine placentonium
>9 binucleated trophoblastic cells according
Number of AgNORlcelIs to the trimesters of pregnancy and number
of AQNORs.

+ difference between the first and third trimester

# difference between the second and third trimester

* or#:p<0,05
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Fig. 3. Photomlcrographs of hlstologlcal sections of bovine placentones, first trlmester of pregnancy. Figures (B) anih{@rardear

black dots that represent AgNORs. (A) 100X magnification, hematoxylin-eosin (HE) staining; (B) 40X magnification, sileer nitrat
staining (AgNO,); (C) 100X magnification, silver nitrate (AgNO) staining. Photomicrographs of histological sections of lacen|s,
second trimester of pregnancy. Figures (E) and (F) show intranuclear black dots that represent AGQNORS. (D) 100X incra@asg/linhem
eosin (HE) staining; (E) 40X magnification, silver nitrate staining (AgNO3): (F) 100X magnification, silver nitrate stagiN@Q3A
Photomicrograph of bovine placenton, third trimester of pregnancy. Figures (H) and (I) show intranuclear black dots #rdt repres
AgNORs (G) 40x magnification. Hematoxylin-eosin staining (H.E.) (H) 40x increase silver nitrate staining and (I) 100X increase.
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DISCUSSION

Variations in the amount of AQNORSs depend on cebelieve the activity of binucleated cells reaches its maximum
activity (Leeket al, 1991), and several studies have showpeak in the second trimester and remains with this high
they represent a valid parameter for cell kinetics closetgetabolism until the end of pregnancy. This number was
associated with the agility of cell duplication (Derenegini extremely higher than that observed in mononucleated
al., 1989; Treréet al, 1989; Derenzirgt al, 1990, 1995). trophoblastic cells, thus showing the intense metabolic
Our results confirmed an increase in the amount of AgNORstivity of this cell. Both the number and size of AQNORs
in mononucleated trophoblastic cells especially in the thiate highly variable within the nucleolus, according to the
trimester of pregnancy, which indicates an increase in th&NAr's transcriptional activity. A nucleolus with a low tax
proliferative and/or metabolic capacity. The relationshipf ribosomal biogenesis is characterized by a unique and
between the amount of AQNORs and cell duplication resulirge NOR; however, the nucleus of activated cells exhibits
from the production of a ribosomal complement by tha large number of small NORs (Derenzini & Ploton). The
proliferating cells, suitable for daughter cells. Since thgize of the nucleolus, as well as the number and area of
number of AQNORSs is closely related to the transcription&gNORs reflect the activity of the cell and vary in function
activity of RNAr, it is consequently associated with cellgf cell type and stage of the cell cycle (Folkman & Moscona,
in duplication (Derenzini, 2000). The increase in cell978; Lischweet al, 1979; Williamset al, 1982).
proliferation is easily justified, i.e., in many species of
mammals, the weight of the fetus and its placentaincreases  Binucleated cells are formed through mitosis
exponentially throughout the gestation (it is more evideprocesses not followed by cytokinesis, i.e., the nucleus is
in the last months (Evans & Sack, 1973; Featadl., 1976). duplicated with no division of cytoplasm (Bjérkman, 1982).
A positive correlation between fetal weight and placentdlhe nuclear division is finished by mitosis and the
weight has been described for several species (Ibsen, 1988pplasm is never divided, which demonstrates its
Warwick 1928). Reynoldst al (1990) reported the gain proliferative incapacity (Wimsatt, 1951). The high capacity
in the weight of caruncle (maternal tissue) was 2 to 4 timés synthesis of nuclear material and proliferative incapacity
greater than that of cotyledon (fetal tissue) in the last twwave led us to infer the large amount of AgNORs found in
trimesters of pregnancy. However, the concentration tfose cells may be due to this formation process. On the
caruncular DNA remained relatively constant from day 106ther hand, if that was the only reason for the large amount
to day 250, whereas the amount of cotyledonary DNA&f AgQNORSs, it should be constant throughout the pregnancy,
increased, indicating the cell density in cotyledons increasedhich does not occur due to a significant increase from the
throughout pregnancy, although their absolute masisst to the second trimesters. Morgan al. (1989)
increased more slowly than that of caruncle (Baserga, 198&monstrated, through cytochemical methods, a sequential
Reynoldset al). and differential production of proteins in binucleated cells

throughout pregnancy, indicating they perform different

Since such cells, together with binucleate cells, prdunctions according to the gestational stage. Moreover,
duce several hormones and growth factors associated wiihucleated cells are secretory, thus producing and
the development and maintenance of pregnancy (Schlafeansporting proteins to the maternal organism. One of their
et al), their metabolic activity increases as pregnancy starteore effective representations is glycoprotein associated
to require greater efforts from the animal. Consequentlyjth pregnancy (bPAG) (Zolket al, 1992; Klischet al,
the placental function must increase proportionally toward@900). Apart from these proteins, the production and
accompanying the fetal growth (Metcaké al, 1988), secretion of placental lactogen (Wooding & Flint, 1994),
which implies a greater production of hormones, cytokinesteroids and substances derived from the metabolism of
and growth factors (e.g., progesterone), and corpus lutepnostaglandins (Klischkt al, 2000) are also associated with
(its production has proven effective by trophoblastic cellsinucleate cells of the ruminant placenta. Such an intense
(Reimerset al, 1985), placental lactogen (bPL) (Duedo activity of synthesis and secretion of substances can explain
al., 1986), pregnancy-associated glycoproteins (bPAG-1he large amount of AQNORs in the cells that, duly
bPAG-2, bPAG-3) (Robertt al, 1995), and Transforming stimulated by growth and differentiation factors, can be
Growth Factor-beta (TGF-beta) (Munsetnal,, 1996). responsible for the still unknown production of various

substances in the placenta. Therefore, a relationship

The number of AQNORs expressed by binucleatdaetween the number of AQNORs mononucleated
cells increased only from the first to the second trimestérpphoblastic cells and stage of pregnancy, and between
then renaining practically constant, which has led us taumbers of AQNORSs can be established.
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