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Detection of Cellular Proliferation during Compensatory Renal Growth in
Neonatal Rats Using Flow Cytometry and Activity of Nitric Oxide
Synthase
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Renal compensatory growth, after the loss of functioning parenchyme due to nephrectomy or
hydronephrosis, is an important clinical phenomenon which often eventually results in
glomemlosclerosis and renal failure. Thus numerous efforts have been made to elucidate the
mechanism of compensatory growth and to discover the methods which can impede the
compensatory process. Compensatory renal growth in mature animals is mainly by cellular
hypertrophy, the increase in cellular component without increase in number of cells. But small
portion of growth is composed of hyperplasia, the increase in total number of cells.

To evaluate hyperplasia and hypertrophy, flow cytometry is employed. The DNA ploidy
pattern of each kidney cell is analyzed, and the proportion of synthetic and replicating cells is
calculated. For evaluation of hypertrophy, the presumed causative metabolite, nitric oxide, is ‘
indirectly titrated by measuring the activity of its key enzyme, nitric oxide synthase. The results
of the experiment are as follows.

1. The increase in fraction of synthetic and replicating cells in flow cytometry is a definite
evidence of cellular hyperplasia, thus hyperplasia is involved in neonatal compensatory renal
growth.

2. Cellular hyperplasia is profound after 48 to 72 hours of injury.

3. A statistically significant difference was noted at 12 hours after nephrectomy between control
and experimental groups in G, + M phase (mitotic phase).

4. Nitric oxide is an important messenger of early (within 48 hours) renal compensatory growth
in neonatal rats.

S. In view of the adult model experiment of nitric oxide synthase, where nitric oxide is |
confirmed to be involved in renal compensatory hypertrophy, nitric oxde is also related to the
renal hypertrophy in neonatal periods.

In conclusion, the compensatory renal growth in neonatal period is due to both hyperplasia
and hypertrophy. Nitric oxide is a key signalling messenger of early compensatory renal growth,
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it can be stated that if the process of hypertrophy could be selectively blocked, prevention of
renal failure as a consequence of glomerulosclerosis can be a reality.
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Table 1. DNA content by flow cytometry

Phase GG, 5 Gp+M S+G,+M

Hours Control UNX* Control UNX Control UNX Control UNX

0 85.6 10.6 38 14.4
12 86.1 89.0 8.6 74 53 3.6 13.9 10.9
24 88.6 893 8.5 1.7 3.0 3.0 115 10.7
48 89.2 88.0 715 7.6 3.3 4.3 10.8 12.0
72 89.1 86.2 7.0 9.4 39 4.6 10.9 13.9
120 878 89.7 6.2 6.9 4.6 3.4 10.7 10.3

Values are in percents, UNX* : unilateral nephrectomy.
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Fig. 1. Changes of DNA pattern in the Go+M phase (dividing phase) during compensatory renal hypertrophy
in neonatal rat kidney cells using flow cytometry. The proportions of dividing cells in unilateral nephrec-
tomized rats at 12, 48 and 72 hours postoperatively are increased, and only at 12 hours such increase was sta-
tistically significant (p<0.05). Conrol, kidney cells of control group; UNX, kidney cells of unilateral nephrec-
tomized rats.

S + G2 + M Phase

Thirsars

Fig. 2. Changes of DNA pattern in the S+M+G, phase (synthetic and dividing phase) during compensatory
renal hypertrophy in neonatal rat kidney cells vsing flow cytometry. The proportions of synshetic and dividing
cells in uvnilateral nephrectomized rats at 48 and 72 hours postoperatively are increased, however not sta-
fistically significant. Control, kidney cells of control group; UNX, kidney cells of unilateral nephrectomized rats.
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Table 2. Activity of nitric oxide synthase

% Conversion (NOSY*/mg protein

Hours 0 12 24 48 72 120
Control 38.96 56,20 43.56 56.14 52.32 54.40
UNX** 66.68 5832 56.33 53.70 58.20

% conversion (NOS)*: conversion of “C-L-arginine to **C-L-citrulline

UNX**: unilateral nephrectomy,

NOS Activity
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Fig. 3. Changes of nitric oxide symhase(NOS) activity during compensatory renal hypertrophy in neonatal rat

kidney cells, expressed in conversion rate of *

C-L-arginine to “C-L-citrulline. NOS activity in cells of uni-

lateral nephrectomized rats is increased at 12 and 24 hours postoperatively, however not statistically significant.
Control, kidney cells of control group; UNX, kidrey cells of unilateral nephrectomized rats.
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