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The problem of the morphometric equivalents of functional activity of the parathyroid
gland epithelium has not yet been adequately studied. We know that the average size of the
parathyrocytes may characterize the functional state of the gland cells: they become smaller
during hypofunction and larger during hyperfunction of the gland [5, 8, 9]. However, to
assess the reliability of this morphometric parameter, quantitative comparisons have to be
made of the average size of the parathyrocytes and the intensity of biosynthetic processes
taking place in them within a wide range of possible variations of function of the para-
thyroid glands. This problem is not discussed in the literature. The aim of the investiga-
tion described below was to undertake such an analysis.

EXPERIMENTAL METHOD

Experiments were carried out on 31 male albino rats weighing 170-200 g. Parathyroid
hypofunction was achieved: a) by intraperitoneal injections of a 10% solution of calcium
gluconate in a dose of 1.0 ml twice a day for 4 days [3] — four rats; b) keeping the animals
for 10 days on a diet with a high content of calcium and vitamin D, [11], for which purpose
four rats were given a 3.57% solution of calcium chloride for drinking and a daily injection
by gastric tube of 10,000 IU of vitamin D,. Parathyroid hyperfunction was achieved: a) by
intraperitoneal injections of a 2.5% solution of trilonB in a dose of 1.0 ml twice a day for
4 days [3] — three rats; b) by keeping the animals for 10 days on a diet with a high content
of inorganic phosphates [9, 12], for which purpose the rats were given an aqueous solution
of mono- and distbstituted calcium phosphates in the ratio of 8:1, pH 6.8-6.9, to drink; the
average inorganic phosphorus concentration was 10 mg/ml — eight rats; c) by subtotal (75-90%)
resection of the parathyroid glands, 30 days after the operation [2] — seven rats. The con-
trol consisted of five intact animals. Biosynthetic activity of the parathyrocytes was
assessed by giving a single injection of *H-leucine (specific activity 90 Ci/mmole) in a dose
of 2.5 uCi/g intraperitoneally, 25 min before sacrifice [4, 10]. This essential amino acid is
one most frequently found in the composition of the parathormone molecule [7]; according to
the results of an autoradiographic investigation of the parathyroid glands during pulse label-
ing with ®H-leucine about 85% of the isotope is involved in hormonal synthesis [6]. The rats
were killed with ether vapor. Paraffin sectioms 4 u thick were coated with type M emulsion
and exposed for 11 days at 4°C; after development, they were stained with hematoxylin and
eosin. Using the stereologic "fields" method, the mean areas of cross~section of the para-
thyrocytes were determined with the aid of an ocular attachment with 100 equidistant points
[1]. The number of grains of silver was counted in each animal simultaneously in 75 ran~
domly chosen squares of the ocular attachment (the area of each square is 65 1?). To evaluate
synthetic processes in the cells the mean number of grains was counted per unit area of sec-
tion (100 u*) and per parathyrocyte (allowing for the mean area of section of the gland cells).
The background level in the series was 6-87 of the basic labeling level. The results were sub-
jected to statistical analysis by methods of correlation and regression analysis and the
significance of differences was judged by Student's test.
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EXPERIMENTAL RESULTS

Inhibition of parathyroid gland function led to a decrease in the average area of cross—
section of the parathyrocytes to 49.4 * 1.3 p? (58.8 * 1.2 u? in the control; p<0.0l) and a
decrease of 47% in the average number of grains calculated per gland cell (to 5.7 * 0.3 from
10.8 % 0.5 in the control; p<0.01). The average areas of cross-section of the parathyrocytes
during hyperfunction of the glands were greater in all the animals than in the controcl. Stimu-
lation of the glands by injection of trilon B or by a phosphate-rich diet led to moderate
hypertrophy — on average to 70.0 * 1.7 u® (p<0.05 compared with the control). The most
marked increase in the average size of the cells (80-100 1i?) was observed after subtotal re-
section of the parathyroid glands (on average to 95.3 * 3.5 u?; p>0.01 compared with the con-
trol). The number of grains of silver calculated per parathyrocyte was on average 30% higher
during parathyroid hyperfunction than in the control (13.7 * 0.5; p<0.05). Close positive
correlation was found between the average area of cross—section of the cells and the number
of grains calculated per parathyrocyte (rxy = +0.85; nyx = +0.98; p<0.01). The corresponding
statistical estimations of this dependence showed it to be nonlinear in character., The num-
ber of grains calculated per cell increased most strongly within the interval from 45 to 65
u?, it stabilized between 65 and 80 u®, and rose gradually between 80 and 110 uZ.

Changes in biosynthetic activity of the cells during hypo- and hyperfunction of the glands
within the range from 45 to 75 u? (+25% from the control level) are linked mainly with dif-
ferences in the intensity of incorporation of labeled leucine into the parenchyma of the gland.
This is shown by the similar character of the change in the average number of grains of silver
calculated per cell and per unit area of cross section (rXy = +0.94; p<0.01). Variations in
the number of grains per unit area of cross section which were found were strictly specific
for parathyrocytes; similar calculations for follicular thyrocytes in the same sections
showed no significant changes in this parameter in the experimental groups compared with the
control (p>0.05). After subtotal resection of the parathyroid glands the intensity of in-
corporation of leucine per unit area of section stabilized at the control level, and a progres-—
sive increase in the progressive increase in the number of grains calculated per parathyrocyte
within the 80-110 p? interval took place entirely on account of marked hypertrophy of the cells
(no correlation could be found between the number of grains calculated per cell and per unit
area of section within this interval, Tyy = +0.25; p>0.05).

The results of this investigation are evidence that the intensity of incorporation of
®H-leucine into the parenchyma of the parathyroid glands is closely connected with parathyro-
cyte function. This is confirmed by data obtained by various workers [6, 10] on the informa-~
tiveness of autoradiographic analysis of incorporation of labeled amino acids for the study
of parathormone biosynthesis. The presence of close positive correlation between the inten-
sity of synthetic processes in the cells and the average area of cross section of the para-
thyrocytes suggests that the latter is an informative parameter, characterizing objectively
the functional state of the parathyroid epithelium. Analysis of the character of this cor-
relation can provide a firm basis for the functional interpretation of the results of mor-
phometric investigation of the parathyroid glands.

LITERATURE CITED

1. G. G. Avtandilov, Morphometry in Pathology [in Russian], Moscow (1973).
2. A. V. Pavlov, Arkh. Anat., No. 9, 77 (1986).
3. P. I. Tashkhodzhaev, M. Gulyamov, and Kh., I. Irsaliev, Med. Zh. Uzbekistana, No. 7, 77
(1974).
4, E. A. Shubnikova and Yu. V. Gerasimov, Morphology of Processes of Adaptation of Cells and
Tissues [in Russian], Moscow (1971), pp. 253-256.
5. E. Engfeldt, Acta Endocrinol. (Copenhagen), Suppl. 6, 1 (1950).
6., J. F., Habener, M. Amherdt, M. Ravazzola, et al., J. Cell Biol., 80, 715 (1979).
7. J. F. Habener, Clin. Biochem., 14, 223 (198l).
8. C. G. Hansson, S. Mathewson, and K. Norrby, Acta Pathol. Microbiol. Scand., Sect. A, 79,
683 (1979).
9. J. D. Lever, J. Endocrinol., 17, 210 (1958).
10. K. Nakagami, H. Warzhawsky, and C. P. Leblond, J. Cell Biol., 51, 596 (1971).
11. K. Swarup, S. Das, and V. K. Das, Ann. Endocrinol. (Paris), 40, 403 (1979).
12. R. H. Whitaker, Calcif. Tissue Res., 8, 133 (1971).

116



