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ABSTRACT

The objective of present paper was to describe a method for the evaluation of the volume of nonspherical nuclei
in 0.5 um thick araldite embedded sections, and to compare with the methods applied for the determination of volume
of spherical nuclei in the same sections. Terminal tubule and acinar cell nuclei of submandibular glands from 15-day
old rats, were studied. Radii of approximately spherical terminal tubule cell nuclei, were measured in 0.5 um semithin
sections and the mean nuclear radius was estimated using Bach’s method. The mean nuclear volume was calculated
by the geometric formula for the volume of the sphere. For comparison, the nuclear volume of the same cells, was
also evaluated by an indirect method, through estimation of the number of nuclei per unit glandular volume and, the
uncorrected and corrected cell nuclear volume densities in the gland. The volume of nonspherical acinar cell nuclei
was evaluated solely by the indirect method; the value thus obtained was also corrected.
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INTRODUCTION

The evaluation of the volume of the spherical cell nuclei
in semithin (0,5 um of thickness) or ultrathin (70 - 100 nm
of thickness) plastic embedded sections of tissues, can be
made in practice, by measures of the transection circle
diameters of the nuclei in the sections. From the profile
size distribution obtained, the mean nuclear diameter can
be calculated by various methods (ref. in Weibel7). These
methods can’not be applied in determination of the
volume of the nonspherical nuclei; in this case, the volume
of the nuclei may be estimated indirectly.

In the present paper, we described a method for the
evaluation of the volume of nonspherical nuclei in 0.5 um
plastic embedded sections and compared the results with
that obtained in spherical nuclei by, both, the indirect and
Bach"s method”.

The approximately spherical nuclei of terminal tubule
cells and nonspherical nuclei of acinar cells of the
developing rat submandibular glands, were studied in this
work. Terminal tubules are transient secretory structures
found at the extremity of the intralobular ducts in
submandibular glands of postnatal developing rats.
During the first month of postnatal life, these terminal
units, are gradually substituted by the sero-mucous
acini(ref. in Alvares and Sesso ).

MATERIAL AND METHODS

Morphometric studies were realized on submandibular
glands of 15day old male Wistar rats, obtained from the
Central Animal House of the School of Medicine of Séo
Paulo, University of Sdo Paulo, Brazil, in group of four
animals. Glands were collected between 8:00 and 10:00
hs A.M., with the animals under ether anesthesia.
Fragments of the glands with approximately 1mm3, were
fixed with 2% glutaraldehyde in 0.09M phosphate buffer
(pH 7.2) for 2 hours, followed by immersion and fixation
in 1% osmium tetroxide in 0.05M phosphate buffer (pH
7.2) containing 106 mg sucrose/ml, for 2 hours. The
fragments were then dehydrated in 70%, 80%, 90%, 95%
and 100% ethanol, washed with propylene oxide and
embedded in Araldite. After five days of polymerization
in the oven, 10 fragments per animal were cut with a Porter
Blum Mt-1 microtome. The semithin sections (0.5 um
thick) were stained with methylene blue + azur IT (1:1).

The mean radius of approximately spherical nuclei of
terminal tubule cells (Fig.1) was evaluated by the method
of Bach®. Initially a total of 260 nuclear transections were
measured from each animal, using an 8x Ramsden-type
micrometric eyepiece and a 100X objective. The mean
radius was obtained from the frequency distribution of the
nuclear radii from the these transections, by the
mathematical formulae of Bach
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ri = values distributed by class interval;
pi = frequency;

ro = first distribution value;

po = frequency of the first value;

h = class interval;

o= section thickness.

For rapid calculation, these formulae were programmed in
a Hewlett-Packard 9810A electronic calculator (Arcon et
al.z). Nuclear volume was calculated by the formula for

the volume of a sphere: VN = 4/31.. R?,
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FIG. 1 - Terminal tubule (TT) and acinar (A) cells rat submandibular gland in 0.5 um
thick section. 15th day of the post-natal development. Observe approximately spherical
nuclei of terminal tubule cells (arrows heads), nonspherical nuclei of acinar cells (arrows
and striated duct (SD). 1,000X.

The mean volume of the nonspherical nuclei from acinar
cells (arrows heads in the Fig. 1) and of the approximately
spherical nuclei Prom terminal tubule cells (arrows in the
Fig. 1), were estimated indirectly by the number of nuclei
of each cell type per unit glandular volume and of the
volume density of the nuclei of each cell type in the gland.

In 25 randomly selected microscopic fields per animal,
using a Zeiss integration II grid with 100 points
simmetrically distributed in a quadrangular area and a
100X immersion objective, the number of nuclear
transections within the eyepiece graticle square and the
number of points over nuclei (Pi) and over glandular
tissues (Pgl), were counted.

The volume density of the counted nuclei in the gland
(VvNifor each cell type, was calculated by the following
equation: VyNi = Pi/Pg] (Weibel6’7); and the number of
nuclei (N) of each cell type per unit salivary gland volume
was estimated using the equation: N=1/8 . n*? . vyni' 2
(Weibel & Gomez), where, n= number of nuclear
transection per unit glandular area and Vyni = volume
density of the nuclei in the gland.

An indirect estimate of the mean nuclear volume Vnj is
obtained by the relation: VNi = VynNi. VI/N, where VT is
the unit glandular volume.
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RESULTS AND DISCUSSION

The mean number of nuclei per em’ (NT1T) and nuclear
volume density (VyNTT) of terminal tubule cells are show
in Table 1; with these data a mean nuclear volume of

F3a 10,57 ,um3 was indirectely obtained.

TABLE I - Nuclear volume (Bach’s method), number of nuclei, overestimated and cor-
rected nuclear volume density in the gland, and overestimated and corrected nuclear
volume evaluated by indirect method, in developing rat submandibular gland
nuclear volume e\faluato(.; 94.0 + 12.15*
by Bach’s method (in pm™)
N° of nuclei per gm’ of 3.94+0.340 3.63£0.304
gland (xpl UE)
Nuclear volume dengity in 0.044 £ 0.0037 0.033 £ 0.0012
the gland (in cm”) )
Overestimated nuglcar 113.3+£10.52 93.8+7,87
volume (in pm-) 3
N° of nuclei per em® 420+ 0.365
corrected for Holmes
effect (x 10%)
Nuclear volume density 0.039 £ 0.0035
in the gland corrected
for b olmesjeﬁ"ecl
{in pm~)
Corrected nucle?r 94.0 £ 10.52 78.5+6.58
volume (in pm™)
* Mean + standard error of mean

The mean nuclear volume of terminal tubule cells
estimated by the Bach’s method was 94.0 12.15 um’
(Table 1).This volume is 17% lower than that evaluated
through both the number of nuclei per unit glandular
volume and the fraction of this volume occupied by the
nuclei. Comparison of the terminal tubule cell nuclear
volume estimates obtained by the two above procedures
using a paired t-test® gave a value 2.45. This result
indicates that the two mean values are different at the 9%
probability level.

Although terminal tubule cell nuclear profiles are lighter
than the azurophilic cytoplasm in semithin sections, some
these transections represent small nuclear caps which in
0.5 um thick sections, are enveloped and topped by
cytoplasm. In point counting volumetry, this cytoplasm is
not scored as such causing over estimations of the nuclear
volume density (Vvni) in the gland. These over
estimations increase the nuclear volume values indirectly
estimated.
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In order to estimate the height K of a nuclear cap from a
nucleus with radius R, with diameter 2RF in 0.5 um thick
araldite sectlon the following relation was, used (R =
RF+(R- K) (Floderus, 1944, ref. in Eranko” ). In terminal
tubule cells which possess, according to evaluation carried
out by Bach’s methodB, a mean nuclear radius (R) of 2.86
um, the profiles of radius (RF) less than 1.62 um may be
from caps with K less than 0.5 um. The smallest caps
measured 1.12 um. Analysis of 1,040 nuclear transection
radius values showed that 12.3% of the transections, had
radii between 1.62 and 1.12 um. Overestimated nuclear
volume density in the gland (VyNTT) may be corrected
when the nuclei are spherical, by Holme’s factor
(Weibel,ﬁ). Corrected nuclear volume density (VVNTTC)
is calculated by VyNTTC = VVNTT/Ko, Where Ko = 1 +
3t/2D, t = section thickness (0.5 um) and D = mean nuclear
diameter (evaluated by Bach’s method).

Using the corrected nuclear volume density, in the Weibel
e Gomez’s relationg, a new cell number estimate was
obtained (Table 1). From the latter value and the correct
volume density, a new mean nuclear volume of 94.9%
10.52 um® was obtained which is close to the mean value
obtained by the Bac:h’pl:ocf.:dl.u_‘e3 and 16.3% lower than
that evaluated through of the over estimated data by the
indirect method.

In view of the previous results it seemed necessary to
correct the indirect estimation of the acinar cell nuclear
volume for the Holme’s effect. We assumed that, as in the
terminal tubule cells, the uncorrected acinar cell nuclear
volume indirectly estimated would be 16.3% greater than
the actual nuclear volume. Introducing this correction, a
nuclear volume of 78.5 um® was obtained (Table 1).

Running Tittle: Morphometric determination of nuclear
volume

O objetivo deste trabalho foi de apresentar um método
para a avaliagdo do volume de nicleos ndo esféricos em
cortes semifinos de 0,5 um de espessura, ¢ de realizar uma
comparagio com os métodos aplicados & determinagdo de
volume de nicleos esféricos, no mesmo tipo de cortes.
Niicleos de células dos tibulos terminais e dos acinos de
glandulas submandibulares de ratos com 15 dias de idade,
foram estudados. Réios de transecgdes de nicleos
aproximadamente esféricos dos tibulos terminais foram
mensurados em cortes semifinos de 0,5 um e o raio nuclear
médio foi estimado pelo método de Bach. O volume
nuclear médio foi calculado pela formula geométrica do

volume da esfera. Com o objetivo de comparagdo, o
volume nuclear dessas mesmas células foi também
determinado por um método indireto, através da avaliagdo
do ntimero de niicleos por unidade de volume glandular e
das densidades de volume ndo corrigida e corrigida dos
nicleos na glandula. O volume médio dos nucleos ndo
esféricos de células acinosas foi avaliado, somente pelo
método indireto; o valor assim obtido, também foi
posteriormente corrigido.
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