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ABSTRACT
This work was undertaken to study
the effects of malnutrition during preg-
nancy on the postnatal development
of the kidney in white rat offspring.

The female rats used in this inves-
tigation were housed with the males
and vaginal smear was done daily.
The pregnant ones were divided into
two groups kept on two dietary regi-
mens ;the first were fed on milk, wa-
ter and bread, while the second on
water, sugar and starch from the first
day of conception till delivary. Fifteen
offsprings from the first group (normal
diet) and Fifteen from the second
group (carbohydrate diet) were scari-
fied at 1day, 2 weeks and one month.
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The animals were weighed, the kid-
neys were gently dissected out from
the abdominal cavity and dropped
into the fixative then weighed and the
kidneys to body weight ratio was cal-
culated, tabulated statistically and an-
alysed. Paraffin sections of 5-um
thickness were prepared from the kid-
neys of all animals. Different histologi-
cal stains were used and the kidneys
were examined microscopically

Compared to the control animals,
both the body weight and kidney
weight in the malnourished animals
showed a significant reduction.

The tubules and renal corpuscles
in the control animals increased in
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size and number with increased age.

In the control animals the nephro-
genic masses appeared in the sub-
capsular zone at newborn rats in the
form of oval, rounded or elongated
structures. At the age of two weeks
postnatally, the nephrogenic masses
disappeared and were replaced by
various structures of renal tubules
and renal corpuscles The nephrogen-
ic masses in the malnourished ani-
mals appeared smaller in size and
fewer in number with crowded ele-
ments of parenchyma.

The malnourished animals
showed mild to sever degenerative
changes in all parenchymal elements
including the Bowman's capsule, the
tubules and glomeruli. The glomeruli
appeared collapsed with marked in-
crease in their capsular spaces. The
capillary tufts were shrunken with
cleft formation.

In the malnourished animals the
proximal and distal tubules appeared
adherent to each other and showed
wide tubular lumina, loss of brush
borders, necrosis of the lining cells
with mild to sever degeneration.
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Some of the collecting tubules be-
came wide, and showed accumula-
tion of hyaline materials. The renal
medulla of showed interstitial haemor-
rage, cellular infiltration and fibrous
tissue formation.

In conclusion, it was clear that
malnutrition during pregnancy exerted
a harmful effects on the kidneys of
the developing embryo. These harm-
ful effects might or could be an im-
portant causes for a variety of health
hazards started from hypertension up
to reaching a complete renal failure.
This malnutrition during pregnancy
should be corrected as early as possi-
ble.

INTRODUCTION

Malnutrition is one of the leading
causes of morbidity and mortality in
childhood John et al. (2000). Malnutri-
tion might be due to improper or inad-
equate food intake or might resuilt
from inadequate absorption of food,
poor dietary habits emotional factor
John et al. (2000).

The kidney is essential to the con-
trol of concentration of various sub-
stances in the body fluids e.g. main-
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tained electrolyte and water balance
in tissue fluid and they also had en-
docrine function Young et al. (2000).

Prenatal growth retardation due to
maternal malnutrition resulted in a
permanent abnormality of the struc-
tures and functional capacity of the
kidney Hinchelife et al. (1992).

Feeding of low protein diet preg-
nant rat resulted in, disturbances in
fetal growth and dimensions at birth.
The offspring of rats fed low protein
diet exhibited a number of metabolic
and physiological disturbances Lang-
ley (2001).

The intrauterine factors, are ex-
tremely important in determining the
future health of the individual. There
was strong evidence suggesting that
one of the major organs affected by
an unfavorable prenatal environment
was the kidney Mortiz et al. (2003) .

Protein deficit in pregnent female
nutrition during prenatal development
of the offspring was accompanied by
considerable changes in kidneys both
in early and in late embryogenesis
Timofeeva et al. (2002).

The kidney of albino rat was uni-
pyramidal (unilobular) and the pri-
mary pyramid was observed at the
first postnatal day and acquired the
adult shape with a tapering papilla by
the 3'd week Wassif (1991). The re-
nal pelvis was of a simple type in
early stages of development, and
changes into a complex type at the
third postnatal week with the devel-
opment of secondary fornix due to the
appearance of secondary pyramids at
this age Wassif (1991). The upper
pelvic cavity lined with transitional ep-
ithelium which is thinned out toward
the primary fornix where it changes
into one layer of low cubical epitheli-
um. The renal pyramid and the tip of
papilla are covered by cuboidal epi-

thelium similar to that lining the col-
lecting ducts Wassif (1991).

The postnatal changes of rat kid-
ney, he was found that, the kidney
and body weights of rat were progres-
sively increased postnatally however,
the proportion of the kidney weight to
the body weight showed maximum
value at three weeks and progres-
sively decreased in older ages Hasa-
nien (1993).
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The postnatal development of vas-
cularity of the kidney of the rat, and
found that, the general pattern of the
renal vasculature of the rat kidney at
different postnatal ages was nearly
similar. However the histological
structure of the renal vessels was dif-
ferent from one age to another Abou
El-Naga (1997) .

Effect of malnutrition

Malnutrition is a world wide prob-
lem of enormous magnitude adverse-
ly affect the health of children and
growing persons Chopra (1991). In
the rat, permanent growth retardation
was evident in offspring subjected to
maternal protein restriction during the
postnatal period Tredici et al.(1998).

The development and growth of
the rat embryos are effected by mal-
nutrition and the brain and the kidney
of fetus were damaged in serious vi-
tamin A deficiency Fan and Zhu
(1999).

Recent epidemiological studies in
people whose birth weight were re-
corded many years ago , suggested a
link between impaired growth during
early life and the long-term effects of

Vol. 39, No. 1 & 2 Jan., & April, 2008

retarded early growth which resulted
from malnutrition at critical period
which led to reduction in the growth
of organs and permanent changes in
their metabolism or structure or both
Desai et al . (1996).

Compelling evidence has suggest-
ed that one of the major organs af-
fected by an unfavorable prenatal en-
vironment was the kidney . Many of
the factors that affect fetal renal de-
velopment include exposured to ex-
cess glucocorticoids, insufficient vita-
min,” protein / calorie malnutrition and
alteration in the intrarenal renin angio-

tensinogen system Mortiz et al .
(2003).
Maternal undernutrition before

conception not only affect growth of
vital organs, but also result in in-
creased levels of glucose and choles-
terol in the offspring at adulthood Jo-
shi etal . (2003).

Nutritional restriction of the mother
of the rat throughout gestation and
found that there was intrauterine
growth retardation ( IUGR). They re-
ported that the mean body weight of
fetuses in late gestation from the re-
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stricted diets was significantly lower
. than that of fetuses from control rats
Woodall et al. (1996).

The effects of paternal and mater-
nal undernutrition on growth of off-
spring in rats and found that in adult
males, undernutrition was associated
with altered spermatogenesis. Mater-
nal undernutrition was associated
with decreased maternal weight gain
lower offspring birth weights and body
weights at weaning Abel (1990).

Small size of the body at birth is
associated with increased  blood
pressure in adult men and women. In
rats, isocalorioc protein restriction re-
duced fetal growth and increased
systolic blood pressure in adult rat
Kind et al. (2002).

The offspring parameters studied
were not affected by food restriction
during the first half of the experimen-
tal period. On other hand, food re-
striction during the second half was
more deleterious to the offspring.
When food restriction was applied
during the whole experimental period,
the impairment in energy balance of
offspring was similar to the one ob-

served when food restriction occurred
during the 2"d half of pregnancy add-
ed to a decreased number of off-
springs Griggio et al. (1997) .

Low birth weight ( LBW) from non-
rished mothers had little influence on
renal development, glomerular num-
ber and volume while offspring rats of
low birth weight delivered from mal-
nourished mother suffered from a re-
duction in glomerular number that
might, in turn, predisposed to hyper-
tension in adulthood Jones et al.
(2001) .

The number of nephrons, renal he-
modynamics ,and glomerular morpho-
mertry in rats submitted to a multidefi-
cient diet. These animal exhibited
lower body and kidney weights and
no glomerular hypertrophy. They con-
cluded that the alterations induced by
intrauterine malnutrition were compat-
ible with the development of chronic
renal failure Paixao et al. (2001).

Maternal malnutrition during preg-
nancy and lactation led to reduction in

the offspring kidney weight Murillo et
al .(2001).

MANSOURA MEDICAL JOURNAL




204 POSTNATAL DEVELOPMENT OF THE KIDNEY IN NORMAL etc..

MATERIAL AND METHODS

The fifteen female rats used in this
experiment and were housed with the
males and vaginal smear was done
daily. The pregnant ones were divid-
ed into two groups kept on two die-
tary regimens from the first day of
conception till delivery. The rats of the
first group (15) were used as control
and were fed on milk, water and
bread. The rats of the second groups
(15) were fed on water, sugar and
starch. Five offsprings from the first
group (normal diet) and five from the
second group(carbohydrate diet)
were scarified at the age of 1day (5),
2 weeks (5) and one month (5). The
animals were weighed, the kidney
were gently dissected out from the
abdominal cavity and dropped into
the fixative of 10% formaline for one
to three days then weighed and the
kidney to body weight ratio was calcu-
lated and tabulated. Paraffin sections
of 5-um thickness were prepared
from the kidneys of all animals. Differ-
ent histological stains (H, E, PAS and
Mallory stain ) were used to examine
the kidney parenchyma microscopi-
cally
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RESULTS

NEWLY BORN (ONE DAY POST-
ANTAL) :

One layer of flattened mesothelial
cells covered the kidney. The paren-
chyma of the kidney appeared to be
composed of cortex and medulla and
widely separated by a good amount
of interstitial cellular tissue, but it ap-
peared more crowded and separated
by less interstitial tissue in the deep
part of the cortex. The kidney was
unipyramidal; the apex of the pyramid
protruded into the renal pelvis and
resembled the root of the tongue

(Fig. 1).

THE CORTEX :

Examination of H. & E. stained
sections showed that the cortex ap-
peared to be formed of two different
zones, dense subcapsular zone and
an inner wide less dense cortical
zone. In the cortical zone, there was
cortical labyrinth, which formed of re-
nal corpuscles, proximal and distal
convoluted tubules. The cortical laby-
rinths separated by medullary rays

(Fig.1).

The parenchyma of the cortex
showed different stages of postnatal
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development of renal corpuscles with
the immature ones toward the cap-
sule and the mature corpuscles in the
juxta-medullary region. under the re-
nal capsule, the nephrogenic area
was contained rounded solid cellular
mass with rounded nuclei (Mesen-
chyme) (Fig .2). Rounded vesicles
were also observed lined by tall co-
lumnar cells with basal oval nuclei
surrounded a narrow eccentric lumen
(Fig .3).

Deeper in the cortex, the vesicles
appeared curved shaped with slight
dilatation of their lumena and hading
rounded masses of polygonal cells
came in contact with their concave
side ( Fig.3). The renal corpuscles in
this zone appeared in different stages
of development. Relatively immature
renal corpuscles appeared with dis-
tinct capsular spaces. The degree of
maturity increased toward the medul-
la. The corpuscles were large and
most of them were rounded in shape,
showed capsular spaces partially
surrounded tuft of capillaries. The pa-
rietal layer of Bowman capsule was
formed of simple squamous epitheli-
um. The visceral layer of Bowman's
capsule was formed of a single layer

of radially arranged columnar cells .In
juxta-medullary area of the cortex,
some cells of the parietal layer of
Bowman'’s capsule were cuboidal in
shape, while the other cells were flat-
tened squamous. The columnar cells
represented the visceral layer could
no more identified as a distinct layer
but appeared to become intermingled
with and could not be differentiated
from the cells of the glomerulus in the
full formed renal corpuscles (Fig. 4).

The proximal convoluted tubules
were seen in the deep parts of the
cortex lined with cuboidal cells hading
rounded centrally situated deeply
stained nuclei and acidophilic vacuo-
lated granular cytoplasm. The luminal
surface of the lining cells were highly
irregular showed brush borders in
some areas. The distal convoluted tu-
bules could be differentiated by their
wide lumen and being lined by cubi-
cal cells with central rounded or oval
nuclei and faint acidophilic non granu-
lar cytoplasm. The basement mem-
brane of the distal tubules appeared
thin and ill defined (Fig.4).

The collecting tubules were char-
acterized by their wide lumina and
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were lined by low cuboidal cells with
basally situated, darkly stained round-
ed or oval nuclei and acidophilic cyto-
plasm (Figs. 4&5).

PAS stain exhibited a positive re-
action in the apical part of the cells
and the basement membrane of the
proximal convoluted tubules, which
appeared thin and ill -defined. The
basement membrane of Bowman’s
capsule, the tuft of capillaries, the
proximal and distal tubules as well as
collecting tubules were strongly PAS
positive.The distal tubules were
strongly PAS positive but to a lesser
extent than that of the proximal tu-
bules (Fig . 6) .

With Mallory stain , A little amount
of collagenous fibers in the glomeruli
and a rounded the convoluted tu-
bules were showed (Fig. 7).

The thick parts of the descending
and ascending limbs of Henle's loop
were difficult to be differentiated from
the proximal and distal tubules re-
spectively.

THE MEDULLA :

The medulla formed the major
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thickness of the klidney parenchyma.
The thickness of the medulla repre-
sented more or less 2-3 times the
thickness of the cortex. The paren-
chyma appeared to be formed of tu-
bules separated by a good amount of
cellular interstitial tissues in which fi-
broblast like cells were detected. The
medulla formed of two segments, out-
er and inner. The outer medulla char-
acterized by presence of medullary
rays which pass through the inner
layer of the cortex (Fig.1&7) .

The inner layer of the medulla was
highly crowded with tubules separat-
ed by scanty amount of connective
tissue. The tubules in the inner layer
of the medulla were lined by colum-
nar cells, and some of them lined by
high cuboidal cells. The collecting tu-
bules were lined with columnar epi-
thelium (Fig.5).

ONE DAY MALNOURISHED :

The general structure of the kid-
ney in malnourished animals resem-
bled that of the control ones in this
age.

Examination of H.&E. sections,
showed that The elements of the
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parenchyma of the kidney appeared
crowded. Some changes were ob-
served particularly in the renal cor-
puscles, proximal convoluted tubules,
distal convoluted tubules and renal in-
terstitium. The cortex had a large
number of less differentiated renal
corpuscles as compared with the con-
trol one (Fig.8).

The juxta-medullary region had
some renal corpuscles with dilated
Bowman's space and atrophic glome-
ruli (Fig . 9). The proximal convoluted
tubules had dilated lumen with dam-
aged lining epithelium. There was
also vacuolated cytoplasm of the
cells of the tubules ( Fig.9)

PAS stained section demonstrated
that most of the proximal convoluted
tubules had lost their apical PAS+v
brush border (Fig. 10).

With Mallory stain, the amount of
collagenous fibers in the glomeruli
and around the tubules were marked
increase (Fig.11).

TWO WEEK POSTNATAL :
THE CORTEX :
Examination of H.& E. sections of

these age showed that , The cortex of
the kidney did not showed the outer
nephrogenic zone observed in the
previous ages and appeared to be
formed of one zone .The parenchyma
of the kidney appeared more crowded
and separated by few interstitial cellu-
lar tissues (Fig.12).

In the cortical labyrinth, the renal
corpuscles were increased in size
and number than those detected in
the previous age . The glomeruli were
seen to be formed of fewer dens cel-
lular masses of polygonal cells with
increased in their capillary lumen.
The parietal layers of Bowman'’s cap-
sule were formed of flat epithelial
cell also The visceral layer of the
Bowman’s capsule had became in-
termingled with the endothelium of
the capillary tuft. They increased in
width and diameter and took the ma-
ture form towards the outer medulla
(Fig. 13&14).

The proximal convoluted tubules
appeared to be lined by few pyrami-
dal cells surrounded a narrow lumen.
The cytoplasms of the cells were
acidophilic and granular with ill-
defined boundaries. The apical parts
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of the cells were irregu!ér, nuclei were
central and rounded. The distal con-
voluted tubules could be differentiat-
ed by their wide lumen. Cubical cells
with central rounded nuclei and faint
acidophilic nongranular cytoplasm
lined them. The cells rested on a thin
basement membrane. The macula
densa could be easily identified as
cubical cells with rounded not so
closely packed nuclei (Fig.15).

By BAS reaction, showed a posi-
tive reaction in the basement mem-
brane of the glomeruli and in their
tuft of the capillaries. Also PAS posi-
tive reaction was showed in the apical
brush border and the basement mem-
brane of the proximal convoluted tu-
bules. the distal tubules were strong-
ly PAS positive but to a lesser extent
than that of the proximal tubules
(Fig. 16).

With Mallory stain , a little amount
of collagenous fibers around the
glomeruli and convoluted tubules as
compared to the malnourished one of
the same age (Fig . 17) .

TWO WEEKS MALNOURISHED :
Examination of H.& E. sections
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showed that, the previously men-
tioned changed in one-week-old rats
became even clearer and included in-
creased numbers of degenerated re-
nal corpuscles and tubules. The renal
corpuscles showed marked de-
creased in their sizes and exhibited
an irregular outlines . Some of them
showed a partially disintegration of
their glomerular tufts with increased
in their capsular space , while the oth-
er showed appearance of wide space
within the capillary tuft (Figs.18).

The degenerative changed in the
convoluted tubules started to took a
focal pattern. The affected tubules
showed various levels of degenera-
tion.

Many dilated proximal tubules with
marked vacuolated cytoplasm with
sloughing in their endothelial lining
with appearance of remnants of cyto-
plasm and nuclei inside their lumen
(Fig .19). Some collecting tubules, in
the medulla, were dilated with ap-
pearance of cellular debris inside heir
lumina (Fig.20).

By PAS stained sections, the
most of the apical brush border of the
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proximal convoluted tubules, the tuft
of capillary of the renal corpuscles
and the distal tubules had a weak
positive PAS reaction . (Figs. 21).

By Mallory stains, marked in-
creased in the collagenous fibers in
the glomerulus and around the tu-
bules were showed (Fig .22) .

ONE MONTH POSTNATAL :

Examination of H. &E. sections of
this age showed that, the kidney of
the one-month rats attained the aduit
form. Also in this age showed a rela-
tive increased in the thickness of the
cortex. The parenchyma of the kidney
appeared to be more crowded and
separated by less interstitial tissue.
The kidney recognized as outer cor-
tex and inner medulla .

THE CORTEX :

Thin connective tissue capsule
were covered the cortex externally.
The renal corpuscles were seen to be
lobulated, less cellular and had a rela-
tively wider capillary lumen. Most of
renal corpuscles had cleared capsu-
lar spaces as the previous age .
(Figs 23).

Proximal tubules were numerously
seen hading narrow lumina. They ap-
peared to be lined with cubical cells
with acidophilic granular cytoplasm
and central rounded nuclei. Distal
convoluted tubules could be differen-
tiated by their wide lumen character-
ized by cubical cells with central
rounded nuclei and faintly acidophilic
non-granular cytoplasm lined them
(Fig. 24).

By PAS stained sections The
apical part of the proximal convoluted
tubules, the basement membranes
of the glomeruli and the parietal
layers of the Bauman's capsules
showed a strong positive PAS reac-
tion (Fig.25) .

By Mallory stain, a little amount of
collagenous fibers around the tubules
and the glomeruli
(Fig.26).

were noticed.

ONE MONTH MALNOURISHED :

Examination of H. &E. sections
showed that, the degenerative
changed in the kidney of one-month
malnourished rats started to included
scattered areas of the renal tissue.
The affected areas demonstrated al-
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terations in all constituents of the re-
nal tissue.

The renal corpuscles showed vari-
ous steps of degeneration started
from irregularities in their contour to
partially disintegration of their glomer-
ular tuft which replaced by necrotic
debris. Some the renal corpuscles ap-
peared smaller with atrophic glomeru-
li and increased in the capsular
space. the parietal layer of Bow-
man's capsule was disrupted and
broken in some location which led to
contact between the adherent renal
corpuscles. focal areas of hemor-
rhage were detected (Figs. 27). Sever
degeneration of the renal tubules with
sloughing of their endothelial lining
were detected . in some areas , the
renal tubules had lost their identity
and appeared open into one another .
cellular infiltration of the inflammatory
cells were detected in these section
(Figs . 27) .

PAS stained sections, the apical
brush border of the proximal convolut-
ed tubules, the basement membrane
of the glomeruli and that of the distal
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tubules showed marked weak posi-
tive PAS reaction (Fig.28). By Mallory
stains, there was fibrous tissue forma-
tion around the dilated tubules (Fig
.29).

There was statistically significant
decrease in malnourished group in
comparison to control group as re-
gard body weight. The mean body
weight was (40.27+50.51) in control
group and 13.53 £ 8.50 in malnour-
ished group.

There was highly statistically sig-

nificant decrease in malnourished
group in comparison to control group
as regard body weight in all age

groups

There was statistically significant
decrease in malnourished group in
comparison to control group as re-
gard weight of the kidney.

There was highly, statistically sig-
nificant decreased in malnourished
group in comparison to control group
as regard weight of the kidney in all
age groups (from one day to the
adult).
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Table ( 1): showing the average weight (gm) of the animal , kidney and percentage of

weight of kidney to body weight in the control animal.

Average Average weight Percentage of
Age
weight of of kidney weight of kidney to
animals (gm) (gm) body weight
One day. 5.6 0.044 0.78%
Two week. 13.8 0.091 0.65%
One month. 35.8 0.20 0.55%

Table (2 ) showing the average weight (gm) of the animal . kidney and percentage of

weight of kidney to body weight in the malnourished animal.

I
Average Percentage of
Average weight of
Age weight of weight of kidney
kidney
animals to body weight
One day. 42 0.029 0.69%
Two week. 108 0.061 0.56%
One month. 19.3 0.10 0.51%
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Table (3): Comparison between control group and malnourished. group as regard body

weight.
Number of
GROUP Mean S.D t p
rat
Control 15 40.27 50.51 0.012*
2.61 Sig.
Malnourished. | 15 13.53 8.50

* The test is significant at p 20.05

** The test is highly significant at p > 0.0]

Table (4): Comparison between control group and malnourished group as regard body

weight marked by age
Age Group N Mean S.D t p

Control 5 5.60 0.15 10.43 <0.001**
One day

malnourished 5 4.20 0.25
Two Control 5 13.80 0.22 19.78 <0.001**
weeks .

malnourished 5 10.80 0.25
One Control 5 35.80 0.22 88.19 <0.001**
month

malnourished 5 19.30 0.35

* The test is significant at p =0.05

** The test is highly significant atp > 0.01
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Table (5): Comparison between control group and malnourished group as regard weight

of the kidney
Number of
GROUP Mean S.D T P
rat
Control 15 0.21 gm 0.24 0.008*
Sig.
2.78 .
Malnourished 15 0.077 gm 0.043

* The test is significant at p =0.05

** The test is highly significant at p > 0.01

Table (6): Comparison between control group and malnourished group as regard weight

of the kidney marked by age
Age Group N Mean S.D t P

Control 5 0.044 0.0015 15.00 <0.001**
One day

malnourished 5 0.029 0.0015
Two Control 5 0.091 0.0017 28.6 <0.001**
weeks

malnourished 5 0.061 0.0015
One Control 5 0.20 0.022 8.16 <0.001**
month

malnourished 5 0.10 0.015

* The test is significant at p <0.05 ** The test is highly significant at p .01
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13.53 gm

{EICOnlmI B Malnourished l

Figure (1) : Comparison between control group and malnourished group as regard body
weight.

BControl ®Malnourished |

Figure (2) : Comparison between control group and malnourished group as regard
weight of the kidney
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Fig. 1 : A photograph of a section in the

kidney of control albino rat
aged one day showing meso-
thelium (arrow), outer cortex
(oc), inner cortex (i c), outer
medulla(o m), inner medulla (i
m) , Medullary rays (crossed
arrow) and renal pelvis (R).
(Hx&E.; x100)

Fig. 2 : A photograph of a section in the

renal cortex of control albino
rat aged one day showing a
multiple undifferentiated sub-
capsular nephrogenic masses
in the form of, mesenchyme
(ms) and vesicle (arrow). (Hx&
E.; x200)

Fig.3 : A photograph of a section in the

renal cortex of control albino
rat aged one day showing mul-
tiple subcapsular vesicles (ar-
rows) , one of them invaginat-
ed by tuft of capillaries
(crossed arrow) subcapsular
nephrogenic mass (arrows).

(Hx& E.;x400)

Fig. 4 : A photograph of a section at the

deeper level of the renal cortex
of control albino rat aged one
day showing mature renal cor-
puscle (G) with distinct Bow-
man's spaces . also the proxi-
mal tubule (P) and distal tubule
(D) are seen. (Hx&E.; x400)
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Fig. 5 : A photograph of a section in the

renal medulla (M) and renal
pelvis (R) of control albino rat
aged one day showing a lot of
collecting tubules (CT) (Hx &
E.; x400)

Fig.7 : A photograph of a section in the

renal cortex of control albino
rat aged one day showing a lit-
tle amount of collagenous fi-
bers in the glomerulus (G) and
around the convoluted tubules
(arrow).Notice appearance of
fibroblast (+).(Mallory. x400) .
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Fig.6 : A photograph of a section in the

kidney of control albino aged
one day showing strong PAS-
positive reaction in the apical
part of the proximal tubule ( a )
and distal tubules ( arrow )
The basement membrane of
the glomerulus and the parietal
layer of Bowman's capsule. are
PAS  positive reaction (>>).
(PAS.;x400)

Fig.8 : A photograph of a section in the

renai cortex of the malnour-
ished albino rat aged one day
showing, degenerated renal
corpuscles ( arrow) in the form
of collapsed glomerulus with
marked increase in the capsu-
lar space ( ¢) , some corpus-
cles are degenerated( + ) while
others corpuscle appear nor-
mal (N).. (Hx & E.; x200 )
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Fig.9 : A photograph of a section in the

renal cortex of malnourished
albino rat aged one day show-
ing degenerated renal corpus-
cles in the form of collapsed
glomerulus (dg) with marked
increase in their capsular
space (>> ). Notice the marked
dilatation of the convoluted tu-
bules with disruption of their
lining epithelium {arrcw)
(Hx&E.; x400)

Fig.10 : A photograph of a section in the

renal cortex of malnourished
albino rat aged one day show-
ing a weak PAS Jpositive re-
action in the basement mem-
brane (arrow) of the
glomerulus(G) and parietal
layer of the Bowman's capsule
(crossed Arrow), also some of
the apical part of proximal
convoluted tubules(a) (PAS.;
x400)

Fig.11 : A photograph of a section in the

renal cortex of malnourished
albino rat aged one day show-
ing marked increase in the
amount of collagenous fibers in
the glomerulus (crossed Arrow)
and around the convoluted tu-
bules (arrow}. (Mallory.;x400)

Fig.12 : A photograph of a section in the

renal cortex of control albino
rat aged two weeks old show-
ing the disappearance of the
outer nephrogenic zone ( ar-
row) . The parenchyma ap-
pears very crowded with the
convoluted tubules ( Hx&E.;
x200 )
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Fig.13 : A photograph of a section in the

renal cortex of control albino
rat aged two weeks old show-
ing, mature renal corpuscles
(R C). The convoluted tubules,
proximal (P) and distal (D) are
of normal appearnce. Notice
appearance of macula densa
(arrow). ( Hx&E.; x400)

Fig.15 : A photograph of a section in the

renal cortex of control albino
rat aged two weeks old show-
ing a strong positive PAS reac-
tion in the apical part of the
proximal convoluted tubules
(P). Notice the basement mem-
brane of the Bowmen's cap-
sule () , the parietal layer of
Bowman's capsule (<<) and
the distal tubules are also
strongly PAS- positive
(PAS.;x400)
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Fig.14 : A photograph of a section in the

renal medulla of control albino
rat aged two weeks old show-
ing the loop of Henle(LH). Also
the collecting tubule (CT) are
seen . ( HX&E.; X 400)

Fig.16 : A photograph of a section of the
kidney of control albino rat
aged two weeks showing
marked diminution of collage-
nous fibers around the glomer-
ulus and the convoluted tu-
bules (arrows). (Mallory; x 400)
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Fig.17 : A photograph of a section in the

renal cortex of malnourished
albino rat aged two weeks
showing, degenerated renal
corpuscles in the form of
shrunked glomeruli (arrow)
with marked increase in their
capsular spaces (s).
(Hx&E.;x200)

Fig.18 : A photograph of a section in the

renal medulla of malnour-
ished albino rat aged two
weeks showing, the degenerat-
ed renal corpuscle in the form
of bulging of parietal layer of
Bowman's capsule ( arrow )
and fragmentation of the capil-
lary tuft (crossed arrow).
(Hx&E.; x 400)

Fig. 19 : A photograph of a section in the

renal cortex of malnourished
albino rat aged two weeks old
showing degenerated renal tu-
buleswith dilated lumen (arrow)
with disruption of their lining
epithelium and vaculated cyto-
plasm. a remnants of cyto-
plasm (crossed arrow) and nu-
clei were detected inside their
lumen. (Hx&E.; x400)

Fig. 20 : A photograph of a section in the

renal medulla of malnourished
albino rat aged two weeks
showing marked dilatation of
the collecting tubules (ct) with
appearance of cellular debris
inside their lumen (stare).
(Hx&E.; x400)
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Fig. 21

: A photograph of a section in the

renal cortex of mainourished
albino rat aged two weeks
showing a weak positive PAS
reaction in the apical brush
border of the proximal tubule
(arrow), also the basement
membrane of the glomeruli
(crossed arrow), the parietal
layer of Bowman's capsule and
that of distal tubules (+)
showed a very weak positive
PAS reaction. (PAS.; x400)

Fig.22 : A photograph of a section of the

kidney of control albino rat
aged two weeks showing
marked increase of collage-
nous fibers around the glomer-
ulus and the convoluted tu-
bules (arrows). (Mallory; x 400)

Fig.23 : A photograph of a section of the

kidney of control albino rat
aged one month old showing
the cortex ( C ) which are cov-
ered by thin connective tissue
capsule (arrow) . Notice the
appearance of secondry fornix
(f) . (Hx&E.; x 50)
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Fig. 24 : A photograph of a section in the

renal cortex of control albino
rat aged one month showing
mature renal corpuscle (arrow)
with lobulated less cellular glo-
merular tuft . Also the proximal
tubule (P) and distal tubule (D)
appeared normal. (Hx&E.; 400)
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Fig.25 : A photograph of a section in the
renal cortex of control albino
rat aged one month showing a

strong positive PAS reaction in Fig.26 : A photograph of a section in the

the apical part of the proximal
convoluted tubules (P). Notice
the basement membrane of
the Bowmen's capsule ( + ),
the parietal layer of Bowman's
capsule (<<) and the distal tu-

renal cortex of control albino
rat aged one month showing a
scanty; amount of collagenous
fibers around the glomerulus
and the convoluted tubules( ar-

bule(D) are also strongly PAS- row ) . (Mallory. X 1000)

positive reaction . (PAS.;x400)

Fig.27 : A photograph of a section in the kidney of malnourished albino rat aged one
month old showing marked shrunken glomerulus (G) with wide Bowman's
space which contain a remnant sloughing of their endothelial lining some are-
as , the renal tubules(crossed arrow &+) ,lost their identity and appeared open
into one another(arrow) . Notice the appearance of focal area of haemorrage
(HG) . (Hx&E.; x 650)
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Fig.28 : A photograph of a section in the
renal cortex of malnourished
albino rat one month old show-
ing a weak of PAS reaction in
the Bowman_»s capsule(
crossed arrow) and basement
membrane of the proximal tu-
bule (arrow) and the distal tu-
bule(+). (PAS.; x 400)

DISCUSSION

In the present study, the body
weight of the control animals in-
creased gradually with age, while in
the malnourished ones it showed a
marked decline compared with the
control one. This came in agreement
with the reports of Kyong et al,
(2003) who concluded that in the ma-
ternal malnutrition the body weights
of the offspring were usually de-
creased .

In the present work the kidney
weight in the malnourished animals

Vol. 39, No. 1 & 2 Jan., & April, 2008

Fig.29 : A photograph of a section in the
renal cortex of malnourished
albino rat one month old show-
ing marked increased in collag-
enous contents in the glomeruli
(arrow) and around the tubules
(crossed arrow) as compared
with the control one. (Mallory.;
x 1000)

showed marked reduction when com-
pared with the control animals. Simi-
lar observation was reported by Wil-
son (1991) and Langley (2001) who
studied the effect of malnutrition on
the postnatal development of the kid-
ney.

In this study the kidney of one-
day-old albino rat was unipyramidal
or unilobular and a primary pyramid
was observed. El-Hessy (1985) re-
corded that the primary pyramid ap-
peared at the 2oth day of prenatal
life and became more apparent in
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the neonatal rat, while Nossier (1989)
demonstrated it at the 5 postnatal
day and described it as globular rath-
er than pyramidal. The controversial
dates at which the primary pyramid
could be noticed was explained by to
be due to the different strains of the
rats used by the different authors
Wassif (1991).

The appearance of secondary for-
nices was noted in this study at the
first postnatal month. Again different
dates were reported by different au-
thors regarding the appearance of the
secondary fornices. So while Wassif
(1991) mentioned that the secondary
pyramid and fornices were noted at
the 3rd postnatal week, Trimple
(1970) and Nossier (1989) recorded
that the secondary fornices started to
appear by the 10th postnatal day and
became well developed by the 20t
day.

According to the presence of the
secondary pyramid and secondary
fornices, Pfeiffer (1968) classified the
renal pelvis into two types; type one
which was simple uncomplicated
without secondary fornices, fold or ex-
tension and founded in water and

land animal of the rat family wcich
bulds dams across streans, while
type two was more extensive with
specialized fornices and founded in
man and adult rat.

In the present work, numerous
subcapsular nephrogenic structures
of basophilic cells (nephrogenic zone)
were demonstrated in the one-day-
old rat. These structures vary in
shape from oval to rounded or elon-
gated. They were invaginated by
blood vessels to form the renal tu-
bules and renal corpuscles. This de-
scription of nephrogenic structure in
the kidney at birth coincided with that
reported by Potter (1972), Arey
(1974), Fris (1980), Wassif (1991)
and Abou El-Nagga (1997). In that re-
spect, El-Hessy (1985) demonstrated
solid nephric primordia, hollow neph-
ric vesicles and S-shaped segments
in the rat kidney at 16th day parental--
ly. These segments increased mark-
edly by the 18th day. At the 20th pre-
natal day nephron in all stages of
development were observed and at
birth (neonate kidney) immature
glomeruli together with some devel-
oped ones were present.
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Lackovic and Mujovic (1980) and
Abou El-Nagga (1997), mentioned
also that, in rat, the nephrogenic zone
was distincted at 1st day after birth
and was the most dominant part of
the cortex of the kidney. There was
only one row of differentiated juxta-
medullary situated glomeruli. At the
2nd day, more mature glomeruli were
arranged in two or three rows .By the
3rd to 5th day the nephrogenic zone
was reduced with an increased in
number of mature glomeruli.

Fris (1980) also observed in newly
iborn pig, a thin nephrogenic zone in
which nephrons were divided into
many stages of development, first
stages corresponded to the renal
vesicle in which the glomerular ana-
logue could be distinguished from
the tubular analogue. The second
stage of development corresponded
to the transformation of renal vesicles
to S-shaped, and then the third stag-
es the glomerulus was spherical or
oval with a distinct Bowman's space.
But in the malnourished animals the
nephrogenic zone appeared small in
siie, congested and degenerative
changes were more observed when
compared with control animals.
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The thickness of the nephrogenic
zone in the malnourished animals
decreased compared to those ob-
served in the control animals. The
nephrogenic zone could be observed
in two weeks old rats of control and
malnourished animals. However, dif-
ferentiation of nephrons continued till
the 3rd week with very few undifferen-
tiated renal corpuscles that lack Bow-
man's space. The formation of new
nephrons during postnatal life in most
mammals had previously been report-
ed by Nash and Edelmann (1873). In
this respect, Lackovic and Mujovic
(1980) and Abou El-Nagga (1997)
mentioned that in the rat, nephrogen-
esis was completed by the 15th post-
natal day and the number of glomeruli
was the same as in the adult.

From the data in this study, the
kidney of early postnatal life was un-
able to concentrate urine till the 4th
week. These data included the pres-
ence of subcapsular nephrogenic
zone with less developed neph-
rons.lacking Bowman's space, ab-
sence of the lumen of the majority of
the proximal and distal convoluted tu-
bules as well as absence of secon-
dary pyramid and secondary fornices.
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This is in agreement with the result
of Trimple (1970) and Abou EI-
Nagga (1997) who mentioned that
ithe kidney was unable to concen-
trate urine until the 20" day of post-
natal growth when secondary pyra-
mid and secondary fornices were
well developed. Morever, Siptzer and
Brandis (1972) reported that, the
urine was highly concentrated after
the 15 postnatal day when the
nephrogenic zone disappeared and
the nephrons were completely devel-
oped.

In the pig, Fris (1980) recorded
that the kidney produced concentrat-
ed urine at the 3rd postnatal week
when well-developed nephrons were
reached. At one day postnatally.' it
was noted in the present work that,
the degree of maturity of the renal
corpuscle increased toward the me-
dulla (corticomedullary area). Similar
finding were reported by Potter
(1972), Nash and Edelman (1973),
El-Hessy (1985) and Abou El-Nagga
(1997) .

Cormack (1987) also mentioned
that the first formed glomeruli, which
were the largest, lied near the arcu-

ate vessels, where as the last formed
glomeruli lied in the outer cortex im-
mediately under the capsules, these
outermost glomeruli were the small-
est in the kidney. Wassif (1991) and
Abou El-Nagga (1997) mentioned
that, the more differentiated renal cor-
puscles were present in the corticom-
edullary zone.

The present study revealed that in
the control animals, the glomerulus
appeared to be formed of a mass of
polygonal cells enclosed very narrow
capillary lumina, and surrounded by
a single layer of radially arranged co-
lumnar cells represented the visceral
layer of Bowman's capsule the parie-
tal layer was formed of cubical cells.
With more maturation the columnar
cells of the visceral layer of Bow-
man's capsule became intermingled
with and not differentiated from the
glomerular cells. Similar results were
given by Fris (1980).

in 14 - 21 days old rats, the neph-
rogenic zone was no more observed.
The parietal layer of Bowman's cap-
sule was formed of flat squamous
cells, but occasionally some low cubi-
cal cells could be seen in the outer-
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most located corpuscles. These cubi-
cal cells became flat squamous in
adult rats. As regards the glomerular
changes, in (14-21) days old rats, the
glomeruli were seen spherical in
shape formed of less dense cellular
masses of polygonal cells with slight
increased in their capillary lumen.

In this work, the renal corpuscles
of malnourished animals showed de-
generated changes which occurred
at the age of one day with gradual in-
crease in severity until the adult age.
These changes were in the form of ir-
regular Bowman's capsule, dilated, ir-
regular capsular space, congested
glomerular tuft with appearance of
cleft in between, sort-of haemorrage,
complete or partial disintegration of
the glomerular tuft, partial or com-
plete lose of parietal epithelium. Simi-
lar degenerative changes were re-
ported in the kidney of malnourished
animals by Di Tommaso et al (2002).

Snell (1984) stated that,the func-
tion of renal corpuscles in the glomer-
ular filtration of plasma with practical-
ly no proteins so that the damage of
glomeruli by number of diseases and
malnutrition lead to complete degen-
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eration of the glomeruli this lead to
block of filtration which end by chron-
ic glomerulonephritis, renal hyperten-
sion and chronic renal failure.

In the present study the macula
densa could be distinguished in
young rats 7- 21 days old in some of
the distal convoluted tubules as cubi-
cal cells with rounded not so closely
packed nuclei. It became columnar
cells with closely packed oval nuclei
in two month old rats and later, on the
contrary, Vesna and Spomenka
(1980) proved that, the macula densa
cells which appeared cubical in one
day old rats, became slightly taller
than other epithelial cells of the distal
nephron in the second day after birth
and completely differentiated into cy-
lindrical cells with closely packed
elongated nuclei in two weeks old
rats .

The majority of the proximal con-
voluted tubules in this study were
found having no lumina at one week
but some of them possessed a nar-
row lumen with brush border due to
presence of the microvilli. By the age
of two weeks most of them acquired
the adult form.
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Fris (1980) noticed that in the new-
born pig, the proximal convoluted tu-
bules had the same structural appear-
ance of the renal vesicle cells and
formed the irregular apical cell sur-
face small prospective microvilli
(brush border) protruded into the lu-
men. In advanced age, the cells of
the proximal tubules had decreased
in height and their initial diameter had
increased. At the 4th postnatal week
the proximal convoluted tubules ac-
quired a brush border of constant
width.

The proximal convoluted tubules
of the malnourished animals de-
ceased in number and showed de-
generative changes that increased
gradually from one day postnatally to
adult age. The changes were in the
form of crowded adherent tubules,
desquamation of their lining epitheli-
um with dilatation of their wall and
lost of the apical brush border and
absence of some nuclei. The vacu-
oles increased in severity in ad-
vanced ages with sloughing of many
cells and haemorrage between the tu-
bules. Similar results were given by
Di Tommaso et al. (2002) who stud-

ied the effect of vitamin B6 deficiency
on the kidney of albino rat.

The function of the proximal tu-
bules were reabsorption of 65% of
glomerular filtration (water, Na, CL,
glucose, amino Acids, Ca ,K, Po4 and
vitamin C and excretion of creatinine,
iodine compound and penicillin (Snell,
1981). When the tubules were ex-
posed to malnutrition tubular necrosis
might appear and led
creased

to an in-
concentration of urinary
salts, decreased preduction of the uri-
nary colloid, which might form renal
stones and end by chronic renal fail-
ure.

Di Tommaso et al. (2002) found-
ed also that, the histological feature
of kidney of vitamin B6 deficiency in
rat were those of tubular-interstitial
nephritis, characterized by tubular
atrophy. The function of distal tu-
bules was the reabsorption of 10 %
Na, CL, H20 and secretion of NH4,
H, K. So that in the malnutrition it led
to a tubular necrosis which also end
by chronic renal failure (Snell, 1984).

Malnutrition led to degenerative
changes in these tubules added to
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failure in the kidney function.The in-
terstitial connective tissue between
the renal corpuscles and different
parts of the renal tubules was abun-
dant in the early stages of develop-
ment (one day postnatal) and de-
creased with the advance of age.
Trimple (1970) founded also that in
10-day-oid rat, the interstitial connec-
tive tissue was more abundant and
decreased with age being very mini-
mal at the 20day old rat. Malnutrition
causes an increased in the amount of
interstitial connective tissues, which
seemed to replace the degenerating
parenchyma of the kidney.
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