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Ahstraet

We have studied microsomal phospholipid, cholesterol and
protein concentration in rat renal papilla, medulla and coriex
during postnatal development, and the relationship between
these membrane biochemical parameters and morphological
changes. We also deterrnined DNA concentration in each kid-
ney zone. No changes were observed either in papillary micro-
somal phospholipids, proteins and cholesterol or in DNA con-
centration from 10- to 70-day-old rats. Medullary microsomal
proteins and cholesterol did not change but a significant
increase was observed in the microsomal phospholipid con-
centration during development; in this case, mednllary DNA
was significantly lower at 70 than at 10 days. In contrast, all
biochemical parameters in renal cortex were significantly
higher during development except for DNA concentration
which suffered a great decrease. These biochemical findings
agree with the morphological changes observed. Our results
demonstrate that the developmental pattern is different in
each zone of the kidney and confirm the fact that the papilla,
in newborn rats, is almost fully developed whereas the renal
cortex and medulla are immature.

kidney, those nephrons located in the outer-
most region of the cortex are the least differ-

During nephrogenesis, morphological and  entiated morphologically [1]. In contrast,
functional differentiation of nephrons hap- nephrons located in the inner cortex have a
pens centrifugally. Thus, in the developing vascular pole and a greater proportion of

Dr. Norma Sterin-Spezinle © 1995
Departamento de Quimica Biologica 5. Karger AG, Basel
Facultad de Farmacia y Bioquimica, UBA 0006-3126795/
Junia 956 (1113), Buenos Aires (Argentina} 0682-014158.00/¢



them is blood perfused [2]. During fetal and
newborn life, kidney growth is accomplished
by cell proliferation [3]. After birth, nephro-
genesis declines and the kidney medulla ex-
pands as collecting ducts and loons of Henle
lengthen [4].

It has been considered that, at the end of
the first week of life, rat nephrogenesis is
completed [5]. However, at this stage the kid-
ney does not function as efficiently as in adult
life and the maturation degree of the kidney
zones is very dissimilar {6]. It has been re-
ported that high protein intake during devel-
opment induces acceleration of the renal cor-
tical growth by cell proliferation and hyper-
trophy [7]. Additionally, increasc in size of
tubular cells followed by greater cell division
has been also reported in compensatory renal
growth after nephrectomy [8]. However, N0
studies have been performed on kidney
growth and maturation under physiological
conditions.

Kidney growth is accomplished by cell pro-
liferation and it is clear that the formation of
new cells must be accompanied by that of new
membranes. Moreover, membrane genera-
tion could be necessary for the cellular differ-
entiation required to ensure full functioning
of kidney cells. The morphological construc-
tion of the cells requires the presence of the
biochemical entities from which they are
made.

Based on the above, the aim of this study 18
to determine how the different kidney zones
develop under nonstimulated conditions and
how the biochemical entities involved in cell
membrane structure accompany the histologi-
cal kidney maturation. Since eukaryotic cell
membranes are made by a phospholipid bi-
layer, proteins and cholesterol [9], we deter-
mined their concentration as a biochemical
parameter of new membrane formation and
its relationship with cell number expressed as
DNA concentration. These determinations

have been correlated with histological mor-
phometric analysis and mitotic index deter-
mination.

Miaterials and Methods

Silica gel G plates and standard phospholipids were
obtained from Sigma (St. Louis, Mo., USA). All re-
agents were pure quality compounds.

Animals and Sample Preparations

Wistar rats of 10, 20 and 30 postnatal days, with an
average weight of 20, 30 and 70 ¢ respeclively, were
used, After parturition, litter size was reduced to 8
pups/mother to ensure uniform nutrition. Adult rats of
70 days were used as controls. The animals were
decapitated and both kidneys were removed and
placed in ice-cold Krebs solution coniaining 3.5 mmol/
1 glucose. Each kidney was cut in half through the pel-
vis along its longitudinal axis, and the papilla, inner
and outer medulla and cortex were dissected. For each
experiment, tissue from 8 rats was pooled.

Methods :

For each experiment, 300mg of papillary, med-
ullary and cortical tissue were collected in 3ml of
0.25 mmol/l sucrose. Tissue samples were homoge-
nized in glass tubes with a Teflon pestle at 3,000-
3,500 rpm. Microsomes were ohtained by the method
of Low and Zilversmit [10]. The homogenate was cen-
trifuged at 9,000 rpm in Sorvall 10-m] centrifuge tubes
for 30 min. The supernatant was separated and the pel-
let was resuspended in 3 ml of sucrose at 4° C and cen-
trifuged under the same conditions. The pellet was
discarded. This supernatant was then poaled with
that previously obtained and both centrifuged at
38,500 rpm for 60 min in a Beckman Ti 40 rotor. The
supernatant was discarded and the pellet resuspended
in 300 ml distilled water.

Protein Determination

Pratein determination was carried out by the meth-
od of Lowry et al. [11]. Aliquots of the membrane sus-
pension {10 pl) were hydrolyzed with 0.5 M NaGH for
15 min and then 1 mi of {resh copper tartrate was add-
ed. Afier 10 min, 100 pl of Folin reactive was added to
cach sample and quickly mixed. The color developed
in each sample was measured at 750 nm and protein
concentration was determined using bovine albumin
as standard. The results are expressed as pg/mg dry
weight tissue.
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Cholesterol Determination

An aliquot of 500 pl of agueous suspension was
extracted by the method of Bligh and Dyer [12]. The
organic phase was evaporated at 60°C. The residue
was used for the cholesterol guantitation by the meth-
ad of Searcy and Bergquist {13], which uses as calor-
reactive a saturate soluiion of ferric suifaie in acetic
acid. Pure cholesterol was dissolved in chloroform and
used as standard. Resulls are expressed as pg/mg dry
weight tissue.

Phospholipid Determination

An aliquot of the agueous suspension of micro-
somes, equivalent to 20 mg of lissue, was extracted as
per Bligh and Dyer [12]. The organic phase was Té-
moved and dried under a stream of Wa. The extracis
were redissolved in chloroform, applied onto Silica get
G TLC plates (0.25 mm thick) and submitted to a ane-
dimensional thin-layer chromatography. The solvent
system used was the upper phase of ethylacetate: 2,2,4-
trimethylpentanc:acetic acid:water (90:50:20:100 viv)
[14]. Migration of the lipids was detected by iodine
vapors. To quantify the phospholipids, the correspond-
ing zone of the thin-jayer chromatographic plates was
scraped off and the inorganic phosphorous was deter-
mined by a modification of the method of Fiske-Subba-
row with the previous mineralization [15]. Areas of sili-
ca pel were used as blank values for all samples. The
resulls are expressed as pg/mg dry weight tissue.

DNA Determination

For each experiment, 20 mg of papillary, medullary
or cortical slices were collected in 0.5 m! of HCl-Tris
bufler, pH 7.4. After homogenization, an aliquot was
separated for protein delermination. DNA separation
began when 0.5 ml of perchloric acid (0.4 N) was add-
ed to get the final concentration of 0.2 N of perchloric
acid. After cenirifugation at 2,400 pm at 4°C for
10 min, the pellet was washed twice with 1 m] perchlo-
ric acid (0.2 &) and then resuspended in 0.5 N perchlo-
ric acid and incubated at 70°C during 20 min in order
to hydrolyze the DNA. After cenirifugation at
2,400 rpm at 4°C far 10 min, the supernatant was uti-
iized for DNA gquantitation. An aliquot of 500 pl was
assayed by ihe method of Burten {16]. Resulis are
expressed as pug/mg dry weight tissue or by total kidney
zame. All results are expressed per dry weight so as i
gel vatues that do not depend on the hydration degree
of the tissue.

Statistical Analysis
All values are means * SEM. Significant differ-
ences between means were assessed by two-way analy-

sis of variance (ANOVA) and subsequent Tukey test.
Differences were considered statistically significant
when p values were < 0.05.

Morphological Studies

For light microscopy. hemilongitudinal blocks of
hoth kidneys were fixed overnight in an absolute alco-
hol-formol-acetic acid fixative solution. Paraffin sec-
tions {5 jum) were stained with the periodic acid-Schiff
technique [17].

Mitatic Index

“The mitotic index from glomeruli, tubules and
interstitial cells was expressed as the ratio between the
aumber of alitoses and the high-power fields evaluated
(> 400).

Density of Glomeruli, Tubules and Interstitial

Tissue Compartments

The marphometric analysis was performed as fol-
lows: 18 nonconsecutive photograpbs from corlical,
medullary (external zone) and papillary regions, at &
final magnification of 312.5, were evaluated using a
multipurpose test system grid (M 42), according to the
principles and applications of point counting discussed
by Weibel et al. {1 8}. The densities of the glomerular,
{ubular and interstitial fissue compartments were de-
termined as follows: (a) Density of the glomerular com-
partment (DGC) = number of the intersecting lines
faliing on all glomerular profiles/total intersecting
lines. (b) Density of the tubular compartment (DTC) =
aumber of the intersecting lines falling on all tubular
profiles/total intersecting lines. {c) Percentage of proxi-
mal convoluted tubules (% PCT) = number of inter-
secting lines falling on all proximal convoluted tubule
profiles/number of the lines failing on all tubule pro-
fites % 100. {d) Density of the interstitial tissue com-
partment (DITC) = number of the intersecting lines
falling on interstitial tissue/total intersecting.

Resulfs

Microsomal Protein Content

The microsomal protein concentration dif-
fered in the various kidney zones at an early
age (fig. 1). The lowest value corresponded to
cortex, the amount in papilla was the highest,
and the medulla value was in between. During
development, no changes were observed in
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papillary microsomal protein concentration.
Medullary concentration did not change from
10 to 20 days. Thereafier, protein concentra-
tion increased from 20 days, rising 17% (p <
0.05) and 35% (p < 0.05) after 30 and 70 days
respectively. Cortical microsomal protein
concentration rose linearly from 10 to 30
days, reaching a 39 and 92% increase at 20
and 30 days respectively. Differences between
10-20 and 20-30 days were statistically sig-
nificant (p < 0.05). Microsomal protein accu-
mulation reached maximum at 30 days since
the value in adulthood did not differ signifi-
cantly. In adult life, microsomal protein con-
centration presented a gradient from the cor-
tex to the papilla. Cortical concentration was
35% (p < 0.05) higher and papillary concen-~
tration 8% (p < 0.05) lower than medullary
protein concentration,

Microsomal Cholesterol Content

At the age of 10 days, cortical microsomes
were the poorest in cholesterol content. No
change was observed until 20 days. Thereaf-
ier, a linear increase of 50 and 100% occurred
at 30 and 70 days respectively compared to
the 10th postnatal day, becoming the renal tis-
sue richest in microsomal cholesterol content.
Papillary and medullary microsomal choles-
terol concentration was the same at an early
age and remained unchanged during develop-
ment {fig. 2).

Microsemal Phosphofipid Content

At 10 days of age, the microsomal phos-
pholipid content (expressed as ug/mg dry
weight tissue) did not differ significantly as
repards papilla, medulla and cortex (fig. 3).
During development, papillary phospholipid
concentration remained constant. The medul-
lary concentration rose by 32% at 20 days and
then remained constant up to adult life. The
evolution of the cortical concentration dif-
fered from those of the medulla. From 10 to

Fig. 1. Microsomal protein content from renal pa-
pilla (&), medulla (O} and coriex (B) as a function of
age, Each point represents the mean 3 SEM of 5 sam-
ples. * p<0.05 vs. the value at 10 days (ANOVA).

i

20 days, at the time when the medullary
changes were evident, cortical concentration
did not change. Afterwards, a linear increase
of 42% (30 days) and 82% (70 days) was
observed. In adulthood, the kidney shows a
clear gradient in the microsomal phospholip-
id concentration with significant phospholip-
i1d enrichment of the cortical zone, followed
by the medulla and the papilla.

DNA Content

In order to determine if kidney growth was
accompanied by changes in the number of cells
perunit of mass, DNA content per milligram of
dry weight tissue was determined (table 1). No
difference was observed in renal papilla be-
tween 10 and 70 days. Medullary DNA per
unit of tissue mass began to decrease as from 20
days of age. The DNA concentration at 20 days
was 20% lower than at 10 days. Such cellular
dilution persisted up to adult life. Results ob-
tained from the cortex denote a greater differ-
ence than those from the medulla. Cortical
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Fig. 2. Microsomal cholesterol content from renal
papilla (&), medulia (O) and cortex (&) as a function of
age. Each point represents the mean = SEM of 5 sam-
ples. * p < 0.05 vs. the value at 10 days (ANOVA).

Fig. 3. Microsomal phospholipid content from re-
nal papilla (@), medulla (O) and cortex (i) as a func-
tion of age. Each point represents the mean + SEM of
5 samples. *p < 0.05 vs. the value at 10 days

(ANOVA).

Table 1. DNA content and tissue mass in different kidney zones from 10- and 70-day-old
rats: results are expressed as mean SEM of 5 samples (DNA/mass was calculated as follows:

DNA = DNAJ/DINA 105 and mass = mass,/mass oas % = 20, 30, 70 days)

Papilla 10 27.0%0.2 18.9 0.70+0.01 -
20 26923 134.5 5.00:£0.08 1.00
30 26.842.1 168.8 6.00+£0.07 0.935
0 26.5%2.0 198.7 7.504:0.10 1.60

Medulla 10 36.0£2.3 1152 320009 -
20 20242 1% 356.2 12.2£0.10 0.81
30 29.3£2.0% 588.9 20.1+£0.20 0.74
70 29.1+£2.7% 646.0 22.2:+0.20 0.81

Cortex 10 26.3+3.1 999.4 38.0x1.0 -
20 22.2:£2.3 3,199.8 144.4£3.5 0.84
30 15.32.0% 4,284.0 280.0+8.3 0.57
70 13.5+2.1 42120 312.0x10.1 0.51

* Sipnificantly different (p < ¢.05) than the value at 10 days.
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DNA concentration began to drop at 20 days,
bul became significantly lower at 30 days
(42%), in adult life being half of the 10-day val-
ue. In order to get an explanation for these
results, we determined the mass evolution of
the different zones of the kidney, and the rela-
tionship between mass and total DNA incre-
ment at each development siage was then
established (DNA/mass).

As shown in table 1, in the papilla, the ratio
was approximately 1.0 thus reflecting that
mass growth was accompanied by an increase
in cell number. In the medulla, the ratio from
20 to 70 days was 0.8, which means that a
moderate dilution of cells occurred during
maturation ~ mainly in the 10- to 20-day-old
period. Cortical maturation denoted the
greatest cell dilution since the discrepancy be-
tween DNA content and mass growth was
more marked as development occurred reach-
ing a ratio of 0.5 in adulthood.

Relationship between the Membrane

Biochemical Entities

In table 2, protein/phospholipid and cho-
lesterol/phospholipid ratios from 10- to 70-
day-old rats are shown. In renal papilla, no
differences were observed in values obtained.
The lower values obtained at 20 and 30 days
in the protein/DNA and protein/phospholip-
id ratios were mainly a consequence of the
nonsignificant decrease in the protein con-
tent, In renal medulla, the protein/DNA ratio
= which reflects cellular size [7] - fluctuated
from 10 to 30 days of age but then a 69%
increase was observed in comparison with
that of 10 days of age (p < 0.05). The protein/
phospholipid ratio remained unchanged from
1010 70 days despite the transient decrease in
the ratio during the intermediate period. On
the other hand, a 25% decrease (p<0.05) in
the cholesterol/phospholipid tatio was ob-
served from childhood to adult life due to the
phospholipid increase not accompanied by a

Table 2. Protein/DNA (Pr/DNA), protein/phos-
pholipid (Pr/Phl) and cholesterol/phospholipid (Cho/
Phl) ratios in renal papilla, medulla and cortex from
10- and 70-day-old rats

T ——
Papilla 10 3.50 148.0 8.33
20 2.95 110.0 7.81
30 2.96 110.0 8.13
70 3.58 146.0 8.13
Medulla 10 2.59 109.8 7.35
20 2.40 76.5% 5.78*
30 277 86.6% 5.58%
70 3.51% 103.0 5.49%
Cortex 10 2.42 92.7 5.91
20 3.98% 126.2* 6.28
30 6.69* 125.0% 6.20
70 10.23* 110,5% 7.09%

* Significantly different (p < (.05) than value at 10
days.

rise in the cholesterol content. The renal corti-
cal zone showed a gradual increase in its pro-
tein/DNA ratio. In adulthood, the value was
4.1-fold higher than that at 10 days p <
0.03).

Morphometric Analysis

Results expressed as density in this mor-
phometric analysis (table 3) reflected the vol-
ume occupied by the various compartments
with no discrimination of cell number or size.
At 10 days of age, most of the papillary densi-
ty was occupied by the tubular compartment
since the density of the interstitial compart-
ment was low. From the tubular compari-
ment, most were collecting tubules and few
were thin limb tubules. From the Very imma-
ture stage to 70 days of age, collecting tubules
were the major structures within the tubular
compartment. The interstitial compartment
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Table 3. Density of glomeruli, tubules and interstitial compariments in renal papilla,
medulla and cortex from 10- and 70-day-old rais: results are expressed as mean + SEM of §
experiments

0.050+0.001
0.055:+0.007

0.95+0.09
0.94:0.,07

oo oo Al

0.86:0.02 0.127x0.003*
0.83+0.01 0.1600.010*
Medu]la 10 - 0.4040.01 15 0.60:£0.03
20 - 0.57+0.02 60 0.30£0.07*
30 - 0.59+0.02 68 0.13£0.06*
70 - 0.61+£0.03 70 0.14x0.01%
Cortex 14 0.10x0.01 0.62+0.02 40 0.131£0.01
20 0.11£0.01 0.60+0.02 42 0.114£0.01
30 0.12+0.01 0.53+0.01 58 0.07x0.01*
70 0.14+0.03 0.48+0.03 60 0.05:£0.01%

DGC = Density of the giomerular compariment; DTC = density of the tubular compart-
ment; PCT = proximal conveluted tubules; BITC = density of the interstitial tissue compart-

ment.

* Significantly different (p < 0.05) than value at 10 days. ¢

acquired significance at 30 days in compari-

son to that at 10 days.

In renal medulla, the density of the tubular
compartment rose from 0.40 (10 days) to 0.60
(70 days). The greatest change occurred be-
tween 10 and 20 days. Thereafier, the rise was
gradual, and changes between the different
maturation stages were not statistically signif-
icant, Within this compartment, a significant
increase in proximal convoluted tubules was
observed. At 20 days, the volume occupied by
convoluted tubules was 4-fold that at 10 days,
then the differentiation rate diminished ac-
counting for 70% at 70 days. In contrast, the
density of the interstitial tissue compartment
was significantly higher at 10 than at 70 days
of age (0.60 vs. 0. 14). Changes between 10~20
and 20-30 days were also significant. How-
ever, it appears that these developmental
changes were already complete at 30 days.

In the renal cortical zone, the total density
was composed of glomerular, tubular and in-
terstitial compartments. The density of {he
glomerular compartment was not significant-
ly different between 10 and 70 days while the
density of the interstitial compartment grad-
ually decreased from 0.13 to 0.03, from 10 to
70 days respectively. In the intermediate de-
velopment period, changes were significant as
from 30 days (with reference to those at 10
and 20 days) with no differences in the 30- to
70-day period. Density of the tubular com-
partment suffered a slight decrease during de-
velopment: nevertheless, the percentage of
proximal convoluted tubules increased, which
denotes a tubular cell differentiation increase
(40--60%). Differentiation appeared not to be
significant during the first stage (10-20 days)
but, after 20 days, maturation became evi-
dent.
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Table 4. Mitotic index in different zones of kidney from 10- and 70-day-cld rats: results
are expressed as mean = SEM of 5 samples

10 0.7£0.1 44101
20 0 PLI=x0.1%
30 0 0.30.1*
70 0 0

0.7+0.4 0.2£0.1 2202040 0.4%0.1
0 0 0.83+0.11¥ 0
0 0 0.68£0.15* 0
0 0 0 0

G = Glomeruli; T = {ubules; IC = interstitial cells.
* Significantly different (p < 0.05) than vatue at 10 days.

Mitotic Index

The different cell types showed also a dif-
ferent mitotic index in each kidney zone (ta-
ble 4). Mitosis of the various cell types was
active in the tissue from 10-day-old rats but
not in that from adults. Tubular papillary cells
stopped dividing at a very early stage while
medullary and cortical tubular cells still
showed mitosis at 30 days; however, mitosis
dropped dramatically at 20 days of age. Inter-
stitial cells also stopped dividing early since
no mitosis was observed in any zone at 20
days of age. Tubular cells were the most active
since, in the cortical zone, the mitotic index
for this cell type was 11 and 3.5 higher than
that for glomerular and interstitial cells. The
same thing happened in the medulla where
tubular cell mitosis was 4.3-fold higher than
that of interstitial cells,

At the 10-day development stage, the me-
dulla was the kidney zone that showed the
most active tubular cell mitotic activity, twice
that of the cortex and 6.3-fold that of the
papilla. However, the medullar mitotic activi-
ty loss was faster than that of the cortex.

The cortical tubular mitotic index con-
served 30% of its activity at 30 days of age
since the remaining mitosis in the medulla

was 7%. Papillary cells stopped dividing very
early since no mitosis was observed at 20 days
of age. .

Microscopic Findings

No differences were observed in the micro-
scopic analysis of papillary tissue between 10
and 70 days of age (not shown). On the other
hand, the medullary microscopic analysis
(fig. 4a, b) shows differences: tubular cells
from 10 days are smaller and less differen-
tiated than those from 70-day-old rats. Few
brush border membranes are observed at 10
days while a considerable increase can be seen
at 70 days. Differences observed in the renal
cortex are similar but more evident
(fig. 5a, b).

Tissue from 10-day-old rats shows mor-
phological evidence of immaturity. Scanty
glomeruli are seen as solid, round avascular
masses of density, packed with epithelial cells,
with no clefts as evidence of Bowman’s space.
Tubular cells are not differentiated and very
few brush border membranes are observed on
the Iuminal surface of the tubules. At 10 days
of postnatal life, tubular cells seem to be
smaller and more numerous than in 70-day-
old rats. At 70 days, the cortex reaches a com-
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Fig. 4. a Renal medulla {outer
zong) from 10-day-old rats. PAS.
% 312.5. bRenal medulla (outer
zone) from 70-day-old rats. PAS.
® 312.5.

plete maturity degree. Glomeruli show a com-
plex capilary tuft subdivided into lobules
projected into capsular space. The brush bor-
der is seen as evidence of differentiated proxi-
mal convoluted tubules. The juxtaglomerular
apparatus is evident in a preat number of glo-

meruli.

Discussion

This paper clearly indicates that growth of
{he postnatal kidney is different in the various
zones of the organ. Although it has been con-
sidered that nephrogenesis is completed in the
rat at 10 days of age [51, mitotic activity at this
age is present in the three zones of the kidney.
Such mitotic activity must account for the
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Fig. 5 a Renal cortex from 10-
day-old rats. PAS. x 312.5. b Re-
nal cortex from 70-day-old rats.
PAS. x 312.5.

proliferative process that occurs as growth
progresses and is significantly higher in tubu-
lar cells from medulla than in those from cor-
tex and papilla {table 3).

The increase in mass, which reflects tissue
growth, is different in the various kidney
zones and is not always accompanied by a
parallel rise in the number of cells as is dem-
onstrated by DNA concentration (table 1).
Thus, cortical mass increases 2.0-fold the

DNA concentration and, in the medulla, the
mass growth was 1.5 times the DNA increase.
On the other hand, the papillary rise i1 mass
is synchronized with the proliferative process
since the mass and DNA increase are similar
and DNA concentration remains constant
during development. The analysis of the pro-
tein/DNA ratio 1s higher in adulthood than at
10 days of age, in cortex as well as in medulla,
which suggests changes in cell size in these
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two kidney zones but not in papilla where no
changes in such ratio were observed.

This biochemical description is confirmed
by the microscopic analysis that shows more
and smaller cells in the cortex (fig. 4a) and
medulla (fig. 5a) of 10-day-old rats than in
adulthood (fig. 4b, 5b), while no microscopic
changes were observed in the papilla (not
shown).

It has been reported that renal growth is
due to cell hypertrophy and hyperplasia as
measured by the increase in DNA and the
protein/DNA ratio, respectively [7]. How-
ever, such a conclusion has been reached by
experiments performed on renal cortex only.
Our results demonstrate that the growth pat-
tern is different for the various kidney zones,
Thus, as maturation progresses, the papillary
growth is only due to hypertrophy while me-
dullary and cortical growth occurs with hyper-
trophy and hyperplasia. Although both coex-
ist in cortical and medullary growth, preva-
lence of the latter over the former is clear
since DNA concentration decreases while the
protetn/DNA ratio increases.

While DNA concentration decreases in
cortex and medulla (table 1), phospholipid
concentration rises by 81 and 43 % respective-
ly (fig. 3). This fact constitutes an indication
that new membranes are formed not only due
to cell proliferation. This result 1s also con-
firmed by Microscopic analysis. An increase
in brush border membranes in adulthood
(fig. 4b, 5b) in cortex as well as in medulla, is
observed. Said, rise is reflected by a relative
increase in the density occupied by convo-
luted over other tubular cells (table 2).

Microsomal phospholipid, cholesterol and
protein relationships demonstrate that, in the
papilla, the biochemical characteristics of the
new membranes do not change with matura-
tion. In contrast, medullary cells appear to be
poorer in cholesterol in adult than those in
newborn rats, while an enrichment in choles-

terol is observed in mature cortical cells,
Changes in the cholesterol/phospholipid ratio
observed in medullary and cortical micro-
Somes may cause differences in membrane
biochemical parameters as in its fluidity
known to influence the membrane biological
activity [19]. No changes in the relative con-
centration on microsomal proteins are ob-
served in any of the caseg,

The comparative study presented in this
baper confirms the concept that the papilla is
almost fully developed in newborn rats where-
as the renal cortex and also the medulla are
very immature and undifferentiated. Qur re-
sults also proved that the developmental pat-
tern is different and characteristic for each
zone of the kidney while it agrees with the
high functional compartmentalization of thig
organ. On the other hand, the membrane bio-
chemical parameters studied in the present
work correlate well with the morphologic feg-
tures of the various kidney tissues from new-
born and adult rats as is demonstrated by the
microscopic analysis herein presented,

151



..u---.nc------n.-c;.-.-o.n-c.----on.----....---o.-----nc

—

a2

References

Gruskin AB, Edelmann CM Jr,
Yuan S: Maturational changes in re-
nal blood flow in pigleis. Pediatr Res
1970;4:7-13.

Aperia A, Broberger O, Herin P,
Joelsson |t Renal hemodynamics in
the perinatal pericd. A study in
lambs. Acta Physiol Scand £1977;99:
261-269.

Takobson B, Celsi G, Lindbland BS,
Aperia A: Influence of different pro-
{ein intake an renal growilh in yousg
rais. Acta Pediatr Scand 1987;76:
293-299.

Twaki T, Iwaki A, Liem RKH, Gold-
man JE: Expression of Becrystaltin
in the developing rat kidoey. Kidney
Int 1991;40:52-56.

Abrahamson DR: Glomerulopenesis
in the developing kidney. Semin
Nephrel 1991;11:375-389.

Aperia A, Larson L: Correlation be-
tween fluid reabsorption and proxi-
mal tubule ultrastructure during de-
velopment of the rat kidney. Acta
Physiol Scand 1970;105:11-22.

7

il

13

Tufro-McReddie A, Arizurreta EE,
Brocca S, Gomez RA: Dietary pro-
tein modulates intrarenal distribu-
tion of renin and its mRINA during
development. Am [ Physiol 1992;
263:F427-F433.

Syraastad ©: Compensatory cell
proliferation in the kidney after uni-
lateral mephrectomy in mice. Vir-
chows Arch [B} 1987;53:97-101.
Singer SF, Nicholson GL: The fluid
mosaic model of the structure of cell
membranes. Science 1972;175:720-
721,

Low MG, Zilversmit DG: Role of
phosphatidylinositol in attachment
of alkaline phosphatase to mem-
brane. Biochemistry 1980;19:3913-
a916.

Lowry OH, Roscbrough NI, Farr
AL, Randall RI: Protein measure-
ment with the Folin phenol reagent.
J Biol Chem 1951;193:265-275.
Bligh EG, Dyer WIt A rapid methed
of total lipid extraction and purifica-
tion. Can J Biochem 1959;37:5-11.
Searcy R, Bergquist LM: A new cob-
or reaction for the quantitation of
serum cholesterol, Clin Chim Acta
1960;5:192-194.

14

15

16

17

18

.----nc.u----.cu.----n-n.---..u.----.u-.---lccn----uln-o-.....

Lapetina EG, Cuatrecasas P: Stimu-
lation of phosphatidic acid produc-
tion in platelets precedes the forma-
tion of arachidonate and parallels
+he release of serotonin. Bicchim
Biophys Acta 1979;573:394-399.
Bartlett G: Phosphorus assay in col-
umiat chromatography. J Biol Chem
1958;238:898-504.

Burton K: Determination of DNA
concentration with diphenylamine;
in Grossman, Moldave (eds): Meth-
ods in Enzymology. New York, Aca-
demic Press, 1969, val 128, pp 163-
169.

McManus JFA, Mowry RW: Stain-
ing Methods: Histologic and Histo-
chemical. New York, Hoeber, 1960,
pp 57-59.

Weibel TR, Staubli W, Guagi HR,
THess FA: Correlated morphometric
and biochemical studies on liver
cells. Morphometric model stereo-
logic methods and normal morpho-
metric data for rat fiver, J Cell Biol
1969;42:68-91.

Wieb Van Der Meer B: Membrane
fluidity, more than one sifigle pa-
rameter. Acta Pharm Yugos! 1991,
43:311-326.

Kahane et al.

Changes in the Peveloping Kidney



