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T he changes that occur in the parenchyma of an epithelial organ during its
ontogenesis are controlled by the interaction with its stroma of mesenchymal
origin. The objective of this work was to evaluate a possible relation between the
evolution of the absolute volume and the number of cellsin the stroma and in the
parenchymaof rat submandibular glands during postnatal devel opment. From days 2
to 70 the glandular massincreased 1822%, due to great increases 3593% and 1211%,
respectively, in the absol ute volume of the parenchymaand the stroma. On the other
hand, the number of cells for the same compartments increased 1033% and 1203%,
respectively. These resultsindicate that the increase in the individual cell volume of
the epithelial cells aso plays an important role in the growth of the parenchymal
volume. In the stroma, the data indicated that a proportional growth occurs in the
number of cells and of the extracellular matrix. The stromal volume to parenchymal
volumeratio decreasesfrom 2 to 28, and 35 to 70 daysrespectively, stabilizing during
the period of 28 to 35 days of age. Theratio between the number of cellsin the stroma
and in the parenchyma increased substantially in the period of 28 to 35 days due
exclusively totheincreasein stromacell number, showing stability inthe other periods.
It should be pointed out that during the period of 28 to 35 days of age, agreat process
of transformation of the striated duct cellsinto serous secretory cells of the convoluted
granular tubules occurs, which characterizes the beginning of the ductal phasein the
rat submandibular gland post-natal development. The changes detected in the stroma
during the same period could be related to thisfact.
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I ntroduction

Rat submandibular glands consist of sero-mucous
acini, intercalated ducts, convoluted granular tubules,
striated ducts and excretory ductsimmersed in a highly
vascularized connective tissue 118,

During the first days after birth, these glands are
morphologically immature, made up of transitory
epithelial structures designated of terminal tubules, and
of immature ducts, immersed in an abundant stroma of
loose connective tissue 5. During the first two months
of post-natal life, thesetransitory structures are replaced
by permanent secretory structures, the acini and
convoluted granular tubules 357, Concomitant with
the enormous growth of the glandular parenchyma, the
interparenchymatous spaces of connectivetissue undergo
areduction.

It haslong been accepted that, during the devel opment
of an organ, a crucial interaction occurs between the
epithelial tissue responsible for the formation of the
parenchymatous structures and the adjacent
mesenchyma. This interaction is important for the
occurrence of morphogenesis and cytodifferentiation ©
14

In fully developed skin and oral mucosa, this
interaction between the epithelium and the underlying
connectivetissue seemsto be essentia for the epithelium
to develop in an orderly fashion and to expressits own
phenotypes (ref. in Ten-Cate, 1998).

The abjective of the present study was to evaluate
the changes that occur in the volume density, absolute
volume and total number of cellsin the stroma of rat’s
submandibular glands in relation to the parenchyma
during the post-natal development.

Material and M ethods

In the present study, 42 male Wistar rats (Rattus
novergicus) were used, furnished by the Central
Bioterium of the School of Dentistry, University of Sdo
Paulo, Bauru, Brazil. The animals were divided by age
into groups of 6 animals: 2, 7, 14, 21, 28, 35 and 70
postnatal days.

Histological procedure

The animals were anesthetized with ethyl ether and
their body masses were measured on a Mettler® Toledo
PG5002-S scale, and afterwards, the submandibular
glands of each animal were dissected and removed and
their fresh masses were rapidly determined on a Mettler

Toledo® AT261 Delta Rang analytical scale. All the
glands were collected between 11:00 and 12:00 a.m.

The glands were fixed in Bouin liquid for 4 hours at
room temperature and kept in 80% ethanol overnight.
On the subsequent day, the glands were submitted to
standardized dehydration proceduresin ethylic alcohal,
clarification in xylol and embedded in Histosec-
Merck(paraffin + plastic resin).

Semi-seria cutsof 5umthick sectionswere obtained
with a Leitz-Jung® 2045 Multicut microtome, with a
50um interval between sections. The sections were
stained by the Masson-trichrome method, modified by
Goldner 22,

Evaluation of processed submandibular gland
volume

In morphometry, in order for relative numerical data
to betransformed into absol ute data, for examplevolume
density of parenchyma into the absolute volume of
parenchymawithin the organ, it isnecessary to determine
the gland’s processed volume (Vp), that is, its volume
after all the histological procedures, as described above.

The processed volume of the submandibular gland
of each animal was calculated based on the fresh mass
of the organ (M), the density of the organ (d) and the
retraction caused by the histological processing (Rf). The
processed volume was calculated using the formula:
V p=m/dxRf.

Thedensity (d) of thegland wasevaluated in groups
of 6 animalshby age: 14, 21, 35 and 70 postnatal days, on
a Mettler Toledo® AT261 Delta Rang precision scale,
containing the accessories to determine the density of
solids. Analysis of variance ANOVA) obtained by
SigmaStat — Jadel scientific software for windows 1.0
(Jadel Corporation) showed that between 14 and 21 days
and between 35 and 70 days not occurred statistical
difference (P>0,05). The average density obtained for
thegroupsat 14 and 21 dayswas 1.056mg/mm?, and for
the groups at 35 and 70 days, 1.07mg/mm?,

The shrinkage caused by the histol ogical procedures,
was evaluated in 12 animal's, subdivided into 2 groups at
21 and 70 days old, respectively, using the method
described by Taga and Sesso . Analysis of variance
(ANOVA) obtained by SigmaStat — Jadel scientific
software showed that there was no statistical difference
between days 21 and 70. The average retraction obtained
was 53.75%, and the retraction factor was 0.4625.

Morphometric evaluation of volume density, total
volume and absolute cell number of parenchyma and
stroma

These morphometric parameterswere evaluated with



a 100X imersion objective and an 8X Zeiss® Kpl
eyepiece containing aZeiss® |1 integration grid with 10
parallel linesand 100 pointsin aquadrangul ar area. Fifty
histological fields per animal were selected by systematic-
stratified sampling %, and thefollowing parameterswere
counted: @) number points (Pi) above the images of
parenchyma and stroma and above the entire gland (P);
b) number of nuclear images (n) of parenchyma and
stroma; and ¢) number of crossing (Li) of the nuclel of
the parenchyma and the stromawith the grid lines.
Knowing the processed glandular volume (Vp), the
distance between the grid lines(d), the total area
examined(A) and the tickness of the histological
section(t), the following morphometric parameterswere
calculated for the parenchymaand the stroma[2, 20]: a)
volume density (Vvi), Vvi=Pi/P; b) total volume (Vti),
Vti=Vvi x Vp; and ¢) absolute cell number (Ni),

Ni=

Statistical analysis

All the quantitative data obtained for each group were
compared pairwise by theanalysisof variance (ANOVA)
using SigmaStat — Jadel scientific software for windows
version 1.0 (Jadel Corporation) . For volume density, the
tests were applied after arcsin transformation of the
original data. The data concerning glandular mass, total
volume and absol ute cell number were submitted to curve
fitting by linear and exponential regression: y=a, +ax
and y=a.e”, respectively, using ARCUS professional
statistical analysis software version 2.0 XTc. (Eain E
Buchan, 1992) The quality of curvefittingswereverified
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examining the values of determination coefficient (r?) of
the equations.

Results

Theevolution of the post-natal body mass, glandular
mass and volume density, absolute volume and the total
number of cells in the stroma and parenchyma of
developing rat submandibular glands are represented in
Tablelandin Figuresl - 6.

Theanalysis of the data presented from days 2 to 70,
showed that:

a) thebody massgrew 3446% (P<0.01) (Tableland
Figure 1) and the gland mass 1882% (P<0.01) (Table 1
and Figure 1);

b) agrowth of volumedensity of 1.16 times (P<0.01)
occurred in the parenchyma (Table 1 and Figure 2). The
stroma decrease of 0.66 times (P<0.01) in two phases,
one between 2 and 28 days and the other between 35
and 70 days; between 28 and 35 days there was
stabilization (P>0.05);

¢) the absolute volume of the parenchyma grew
3592% (P<0.01), whereas that of the stroma increased
1203%(P<0.01) (Table 1 and Figure 3). Theratio between
stromaand the parenchyma (Figure 4) calculated for this
parameter decreased substantially throughout the period
analyzed, varying from 0.465 at 2 days to 0.264 at 70
days, that is, a reduction of 43.2% (P<0.01) indicating
that the growth in stromal volume was proportionally
smaller than in relation to the parenchymal volume;

d) thetotal number of cellsinthe gland grew 1066%
(P<0.01) (Table 1 and Figure 5), where the number of
cells of the parenchyma (Table 1 and Figure 5) increased
1030% (P<0.01) in two phases: the first from 2 to 28

TABLE 1- Evolution of body mass(in g), gland mass(in mg) and volume density(in %), total volume(in mm?) and total cell
number(x10°) of the parenchyma and stroma of rat submandibular gland, during the first 70 days of postnatal life

I'ericad 1 ) 14 21 13 AE mn
By rags BaTan 128 1 50333 TEOE-0.2628 SEO311 546 AT S50 57 BN A+2 17 s e ]
Gl mpns T AR kAT o TEO 020 40 2T:3321 01,433,280 2E 452 60T 160 52 870 IS P12 160
Velfeme densily
Pordnchyia GEIG-0402 T, B 2410 FTEROCD A EE T R R B b, 770, 254 TR AN-0A5E 9,187,193
Siroma 1. 7G=0402 D0l 241 2E 3300218 P RS E e 23,2320, D4 2301:0A55 EEE R E R
Camparimieqival 1o1#] v dame
Ieranchyms 5,300,100 - T L=k vl 116740529 9981 360 400 Sa1E0 ESE GE 051 M 121 023 Gred
Stromy 2AT=DTEE £ 8 HRLRE ] 4150 20 4.10+,392 13, =10, 584 1 D rd 5 22901 G5
Tonal el aumler
land BATe0 227 15.00=0 25 14, Td +0, T 46 151, 28 43 04 752 481,070 a0 A8+ BE
Pana e BARDE 12. 980,503 16, 350005368 20 3RD 0TS A4 0 TR0 507 T PR g TE BEs T 450
Sanaia 1G5 3 B30, 06541 1 330,175 ESTrUA0  A22ned 13,89:0,387  24,6%:0,7H

© rmian f Shardaed peor of maan



TAGA, R.; ALENCAR JUNIOR, G. M. de; CESTARI, T.M.; ASSIS, G. F. de; STIPP, A.C. M.
Changesin thecell population and in theabsolutevolumeof thestroma of rat submandibular glandsduring postnatal development

TABLE 2- Linear and exponential regression equations of the growth of the rat

submandibular glands during the first 70 days of postnatal life

period of 35 to 70 days, stabilization
(P>0.05) aso occurred in thisregard.
Thelinear equationstypey =a, +ax.,

| andexponential equationstypey = a.e*
. Deteroisaton Dl accumelstion (Daj corresponding to the evolution of

Farameter Regresshon cquating coclicient (r') by
- Daplicatinn ime (01} | glandular mass, absolute volume and
| Cland mass - zs;us s J ::L : E:‘““ number of stromal and parenchymal cells,
i e obtained by curve fitting on
o ST microcomputer are presented in Table 2
Fencrym. g : IHT E: '_L";_:' with the corresponding coefficients of
. e e T determination (r?). Both of the equations,
¥ = 307 I3ai 020 0 B3 = 182 dias linear and exponential, yielded a good
s adjustment for all the parameters analyzed.
e y = 4408 + 1.351x 0,583 oy This table also presents the average daily
y = 124130100 D.ETZ Dt = 20 4dias accumulation (Ad) and the duplication
| Parenchyma ¥ % 40821 + 1.050x 0.9 Da = 105 x 10 time (Td) for each parameters analyzed.
¥ 1011597 S0 s e e The average daily accumulation was
" i iiae - oo obtained directly from the term a, of the
— linear equation, and the duplication time
— (Td) was calculated from the relation Td

days and the second from 35 to 70 days; in the period
from 28 to 35 days, there was a stabilization (P>0.05).
The number of cells of the stroma increased 1211%
(P<0.01) in only one phase(Table 1 and Figure 5). The
ratio between the stromal cell number and parenchymal
cell number (Figure 6) exhibited stabilization (P>0.05)
between 2 and 28 days, that is, the increase in the number
of cellsin the parenchyma and the stromain this period
occurred in proportionality; in the period of 28 to 35 days,
an increase of 20.5% (P<0.01) occurred in this ratio,
indicating agreater growth in the stromal cell number in
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FIGURE 1- Postnatal evolution of the body and gland mass

=In2/k, whereIn2 isthe natural logarithm
of 2 and k isthe exponent from the exponential equation.

Discussion

In the present research, the glandular massincreased
1882% in the interval from 2 to 70 days, with average
daily accumulation of 5.28mg/day obtained by thelinear
equation, and average duplication time of 16.0 days
obtained by the exponential equation. The analysis of

FIGURE 2- Postnatal evolution of the volume density of the
parenchyma and stroma of rat submandibular
gland
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gland

the latest data showed that, duplication of the glandular
mass occurred every 16 days. This marked growth in
glandular massresulted from theincreasein the absolute
volume of the parenchyma and the stroma.

Sincetheincreasein the parenchymawas significantly
greater than the stroma, in terms of volume density there
was an inversely proportional relation in the evolution
of the two compartments, that is, the parenchyma grew
relatively occupying the connectivetissue spaces, which
can clearly be confirmed during the analysis of the
histological sections.
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In absolute terms, the parenchyma and the stroma
grew 3592% and 1203%, respectively, with the average
daily accumulation of volume being 1.77 and 0.45mm?,
and with average duplication time of 15.2 and 18.2 days,
respectively. These numbers show that the largeincrease
in glandular volume owed itself mainly to the growth of
the parenchyma.

Regarding the number of cells, the number for the
parenchymagrew 1033%, and for the stroma 1211%. In
the case of the parenchyma, the fact that the percentual
(1033%) is significantly less than the growth of its
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absolute volume (3592%) indicated that the increasein
the parenchymal cell volumehasalso alarge participation
in this compartmental growth. Regarding the stroma, an
equivalence occurred between the growth percentual of
number of cells (1211%) and in its compartmental
volume (1203%). The stroma is made up of cells and
extracellular matrix, and since the cells do not
significantly change their individual volume during
development, it can be inferred that the cells and the
extracellular matrix of the gland connective tissue grew
in proportion to each other.

Theratio cal culated between the volume of the stroma
and the volume of the parenchyma decreased during the
period from 2 to 28 days, whiletheratio between stromal
cell number to parenchymal cells number remained
stable. These data demonstrate that, during this period,
the two compartments increased proportionally the
number of cells, while the parenchymal cell presented a
greater increase in cellular volume in relation to the
stromal cells.

In the period of 28 to 35 days, the stromal volume—
to-parenchymal volumeratio remained stable, indicating
proportionality in the growth among themselves, while
the number of stroma cell number—to- parenchymal cell
number ratio increased substantially. Since the number
of parenchymal cellsdid not increase during this period,
the increase observed of the cell number ratio ion this
period resulted entirely from the growth in the number
of cellsinthe connectivetissue. It should be pointed that
isin this period that occurs the transformation of the in
transporting cells of striated ducts in serous secretory
cells of the convoluted granular tubules, characterizing
the beginning of the ductal phase of post-natal
development of the rat submandibular gland 525

The changes that occur in the parenchyma of an
epithelial organ during its ontogenetic development are
controlled by their interaction with connectivetissue that
congtitutes its stroma. Various molecules present in the
stroma, produced there or acquired, including growth
factors absorbed in proteoglycans and the components
of its extracellular matrix and of the basal membrane,
affect these changes and the parenchymal organization,
as well as, directing the formation and arrangement of
collagen fibers ® 1013, Some authors have demonstrated
the importance of the type and organization of the
collagen fibersinthisepithelial-mesenchymal interaction
4,7,8

The results of this work, therefore, showed that, the
stroma of the rat submandibular gland has an inherent
pattern of development in relation to the parenchyma
during the post-natal life, with some changes that could
be detected at certain periods, which may be related to

the epithelial-connectivetissueinteraction that occursin
key phases of the devel opment.
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Resumo

As mudancas que ocorrem no parénquima de um
orgdo epitelial durante o seu desenvolvimento
ontogenético sdo controladas pela suainteracdo com seu
estroma de origem mesenquimal. O objetivo do atual
trabalho foi o deavaliar umapossivel relagdo naevolugdo
do volume absoluto e no nimero de célulasdo estromae
do parénquima da glandula submandibular do rato
durante o desenvolvimento pds-natal. No periodo de 2 a
70 dias de idade, a massa glandular aumentou 1822%,
as custas de um marcante crescimento de 3593% e de
1211%, respectivamente, no volume absoluto do
parénquima e do estroma. Por outro lado, o nimero de
células nos mesmos compartimentos aumentou,
respectivamente, 1033% e 1203%. Esses resultados
indicaram gque 0 aumento no volume celular individual
das células epiteliais também tem papel importante no
crescimento do volume do parénguima, e que no estroma,
ocorreu proporcionalidade entre o crescimento do
nimero de células e de matriz extracelular. A relagdo
volumedo estroma/volume do parénquimadiminuiu nos
periodos, respectivamente, de 2 a28 e 35 a 70 dias, e
manteve-se estével no periodo de 28 a 35 dias de idade,
enquanto que, a relagdo nimero de células no estroma/
namero de células no parénquima, aumentou
substancialmente no periodo de 28 a 35 dias devido
exclusivamente ao aumento no nimero de células do
estroma e exibiu estabilidade nos demais periodos.
Convém salientar, que é nesse periodo de 28 a 35 dias,
queocorre o grande processo de transformagéo de células
dos ductos estriados em células secretoras serosas dos
ductos granulosos, o que caracteriza o inicio da fase
ductal do desenvolvimento pés-natal da glandula
submandibular do rato. As mudancgas detectadas no
estroma nesse periodo podem estar relacionados a este
fato.
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