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ABSTRACT

A simplification of the differential counting of particles
can be obtained by double counting the particles in the same
sTice: firstly, through the whole slice thickness and secondly,
in the optical section only. This method was empirically tested
on the epithelial nuclei of the adult male mouse, namely on five
step slices of one thyroid lobe. It showed that the results
obtained by simplified differential counting and the original
one were of the same class size. The economy index was higher
with the modified method. But, the economy of the simplified
method is still greater because there is no need to prepare two
differently thick section series. On this basis the simplified
differential counting of particles in light microscopy can be
recommended as an alternative method with higher economy.

Keywords: Depth of focus, differential particle counting, light
microscopy, numerical density, slice thickness, thy-
roid gland.

INTRODUCTION

Bok and van Erp Taalman Kip (1940) proposed the differen-
tial counting of particles in two differently thick slices. This
idea was used in practice by Ebbesson and Tang (1965) and Loud
et al. (1978). The advantage of the differential counting of
particles over classical methods lies in the fact that only the
slice thicknesses must be known: ot the shape, average diame-
ter, particle size distribution, or height of the Tost caps.
Recently we proposed an improved method for particle counting
in light microscopy by counting their profiles in the optical
section only, that is in the objective depth of focus; for
example, at objective magnification x100 the depth of focus is
1.250 pm (Haug, 1955). :

MATERIAL AND METHODS

Further improvement of the differential counting of parti-
cles can be obtained by double counting the particle profiles in
the same slice: firstly, through the whole slice thickness and
secondly, in the optical section only. With this the efficiency
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of the method is improved and the expected accuracy is satis-
factory. We propose the use of the following formula:

N - N
- At Ao ‘ (J)

t - o0

where NAt is the number of profiles in the whole slice thickness
t, N the number of profiles in the optical section through
this ' ®slice, t the thickness of the slice and o the depth of
focus of a certain objective.

This method was empirically tested on the epithelial nuclei
of the adult male mouse, namely on five step slices of one thyro-
id lobe of the following thicknesses, calculated for the depth of
focus and/or estimated by the microscrew: 1.250 um, 2.380 um,
8.580 um and 18.860 um. The values for N, were used for calcula-
tions of N,, by the formulas according to: Floderus (1944),
modified FYoderus where (D - 2h) was estimated by the Loud et al.
method (1978), our method (Pajer and Kalidnik, 1984), Ebbesson
and Tang (1965) for all possible different combinations, the
modified Ebbesson and Tang method where the depth of focus was
taken for the thinnest slice and Loud et al. (1978). The results
of the last method were used as a reference value (graph 1). The
economy index for all methods was also calculated.
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Graph 1. Regression line between numerical areal density (NA+25E)
of the thyroid gland epithelial nuclei and diffe- —
rent slice thicknesses (t). The slope of the line is
equal to the reference numerical density (N,). The
intersection of the regresion line with the ordinate
axis at t=0 equals (N, (D - 2h)), where D is the dia-
meter of particles and h the Tost cap height; r is
the correlation coefficient.
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RESULTS

Results are presented in table 1. The values for the nume-
rical density (N n) for different methods have been calculated
from empirically obtained values for N,. Besides, the modified
numerical densities (NV’) have been calculated according to
the corresponding equations where NA values from the re-
gression line were used.

Empirical testing showed that the results obtained by sim-
plified differential counting and the original Ebbesson and Tang
method were of the same class size (relative deviations from the
reference value with the original Ebbesson and Tang method were
between -0.02 and +0.01, with the modified method between +0.02
and +0.07) (graph 2). ) .
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Graph 2. Relative deviations of the mouse thyroid gland epithe-
lial nuclei numerical densities for different methods
from the reference value of the Loud et al. method (L)

ngo original method of Floderus for three differently thick
F020 slices (2.380 um, 8.580 um, 18.860 um)

FM2 e : ‘ ‘
EM10 modified method of Floderus with values for (D - 2h)
FM20 obtained according to the Loud et al. method

PK2 . S . . .

PK10 method of Paqer apd Kali3nik with counting in one sharp
PK20 optical section with the depth of focus 1.250 um
Eigg:;o method of Ebbesson and Tang for all possible combina-
ET10-2 tions of differences for differently thick slices

ET20-0 simplified method of Ebbesson and Tang with counting in
ET10-0 two differently thick slices and in their optical section
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Graph 3. Relation between the reversed value of the relative
standard error (1/RSE), time used for counting in
hours (T1 ) and economy index (IE) for the estima-
tion of numerical densities according to different
methods

But the economy index was higher with the modified method
(with the original method it was between 3.9 and 5.2, with the
modified between 5.7 and 6.7) (graph 3). The economy of our
method is still greater because there is no need to prepare two
differently thick section series.

CONCLUSION

On this basis we may recommend the simplified differential
counting of particles in light microscopy as an alternative me-
thod with nigher economy.
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