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Abstract

Introduction: The description of development of human kidney giue various textbooks doesi
include detail microscopic appearance of kidneyaaipus fetal aes. So an attempt was made in
study to gather information on this toj

Material and methods: The present study was carried out on 15 humandstosknown gestation
age (GA). The sections of kidney were processednaand stained using Hematoy>n and Eosin.
Results: At 12" week of GA various stages of developing glomerwravobserved in the substa
of the kidneys. In the cortex, various cut sectiarfsthe tubules were observed without
differentiation as proximal (PCT) and distal tuts (DCT). The second trimester section showed
differentiated the PCT and DCT by 16th week. Didtibrush border was observed in PCT by
16th week. Immature duct system was observed in nieelulla. The nephrogenic zone v
appreciated till 36 week®By 2¢" week the sections of DCT were observed adjacerhédorena
corpuscles indicating the developing juxtaglomaralaparatus

Conclusion: As it is essential to know the developmental rhoipgy of kidney, the present stu
explains every componeat it in detail
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Introduction developmental anatomy and histogenesis
urinary system for better understanding
various congenital renal conditions. The fi

Prenatal period is a very crucial for hun
development. It is important to know the nort
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kidney has about 12 lobes but these are fusedNhaterial and methods
adults to present a smooth surface [1].

The present study was carried out on 15 formalin
fixed human fetuses (3 first trimester, 6 second
Kidneys develop in the intermediate mesoderfimester and 6 third trimester) of known GA in

in the cranio-caudal direction. They develop if,q department of Anatomy, Kasturba Medical
pronephric, mesonephric and metanephric Stag@ollege, Manipal. The spontaneously aborted
The development of the kidneys illustrates thg 4 otillborn fetuses were procured from the
famous dictum by Haeckel that ‘ontogenyyenartment of Obstetrics and Gynecology,

recapitulates phylogeny’. This means that thg,gyrha Hospital, Manipal after taking informed
development of the three kidney types follow apgnsent for museum specimen preparation. The

evolutionary pattern. The development of kidney; o o first trimester fetuses ranged from 10 to

s a very complex process having two partsy; yweeks whereas it ranged 16 to 24 weeks and
collecting and excretory parts. The collectingg i, 35 weeks for the second and third

part develops from ureteric bud while the;nesiers respectively. Fetuses with any external
excretory part develops from metanephrigietormity were excluded from the study. A

blastema [2]. Ureteric bud is a primordial oferica) incision was made on the abdomen and
ureter, renal pelvis, calices and collecting,q igneys were resected and the sections were
tubules. lts distal end dilates and invades thgya including both the cortex and medulla. The
caudal part of nephrogenic cord dorsal Qg es were processed for histological

mesonephric ridge. Ureteric bud repeatediyseryations. The slides were stained using

divides until about 13 or more generations ofiematoxylin and Eosin and were observed under
tubules are formed. Ureteric bud is capped Wlth|%ht microscope.

metanephric blastema on further sub-division
some parts of the blastema separate from ﬂﬁ?esults

main mass and form clusters of cells on each side . . .
of the tubule forms pear shaped hollow rena-\lihe microscopic anatomy of the kidneys was

vesicles. First vesicle is formed at the end bf 7observed at different GA and the changes were

week in relation to '8 division of ureteric bud noted. ) The varlous components ShQWGd
[3]. Microscopically the kidney is composed O]Jngturatlon at different _GA' The detglled
many tortuous closely packed uriniferous tubule@'crOSt_rUCture of the. kidney is described
bound by little connective tissue in which rur1Slccordlng to the three trimesters.

blood vessels, lymphatic and nerves [4].

First trimester: (10 to 12 weeks)

Due to recent advance in the medical field, it ig] the first f[rlr.neste.r the c.ort.ex anq rgedulla did
now possible for the premature babies to survi\féOt show d'Sth_t differentiation until 1T2week.
successfully. For that it is essential to havghe section of kidney when observed under 10X

knowledge regarding histological maturity of(Figur.e.- 1a) displayed a thick nephrogenic zone

kidney and its functional status at the giVeﬁontalnlng clusters of mesenchymal cells deep to
t .

gestational age (GA). Hence the present studf® cap;ule. At 1'2we§k of GA various Stages of

was undertaken to study in detail the appearan gveloplng glomeruli were observed in the

of various histological elements of kidney insubstance of the kidney interspersed with

relation with GA. The description of undifferentiated mesenchymal cells as shown in

development of human kidney given in variougigure' 2. There were hollow structures lined by
textbooks doesn’t include detail microscopic,CUbO'daI cells adjacent to the capsule indicating
appearance of kidney at various fetal ages. So t}¢ nephrogenic vesicles. Some of the glomeruli

attempt was made in this study to gatheqppeared ‘S’ shaped containing clusters of
information on this topic. cuboidal to columnar cells without any network

of capillaries. The crescentic shape was observed
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to be the next stage of development, where the the cortex, various cut sections of the tubules

crescent was lined by cuboidal cells which wereere observed without any differentiation as

invaginated by the mesenchymal cells. Thproximal (PCT) and distal tubules (DCT). The

juxtamedullary glomeruli showed the furthetubules were lined by simple cuboidal cells

signs of maturity by developing blood capillarywithout any surface modifications.

network and flattening of the lining of Bowman'’s

capsule. The medulla in the first trimester showed the
sections of tubules with cuboidal cells without

Figure - 1: Kidney under 10X showing cortexany distinct blood vessels. Clusters of

and medulla (Hematoxylin and Eosin). mesenchymal cells were observed between the
Figure- l1a: First trimester kidney, tubules Figure- 3).

Figure- 1b: At second trimester

(1-Nephrogenic zone, 2- Developing glomeruluslrigure - 3: Kidney; medulla under 40X
(Hematoxylin and Eosin).

1-Undifferentiated mesenchymal cells, 2- Cut
sections of collecting tubules, developing
capillaries (black arrow)

Figure 3

Figure - 2 Kidney; cortex under 40X
(Hematoxylin and Eosin) showing various stage
of glomerular development, Nephrogenic zoni
(black arrow) and cut sections of tubules (gree
arrow).
(1-Nephrogenic  vesicle, 2- ‘'S’ shaped
glomerulus, 3- Crescentic glomerulus, 4- Mature

glomerulus.) Second trimester: (16 to 24 weeks)

When observed under low magnificatidgridure

- 1b), the thicker cortex and thinner medulla
were differentiated by a distinct corticomedullary
junction by 18 week of GA. The nephrogenic
zone was observed under the capsule. The
mature renal corpuscles were observed b} 20
week with well differentiated Bowman’s capsule
and tuft of glomeruli within it. In the cortex, the
tubules were differentiated by “Léveek as PCT
and DCT. Distinct brush border was observed in
PCT by the 18 week.

Figure 2

Immature duct system was observed in the
medulla with the cut sections of collecting
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tubules which were lined by columnar tonephrogenic zone containing undifferentiated
cuboidal cells. The thick and thin segments ahesenchymal cells just underneath the capsule
Loop of Henle were not differentiated till 24 which decreased in thickness by 32 weeks. The

week. authors also described the various stages of
developing glomeruli. By 24 weeks the cortico
Third trimester: (28 to 36 weeks) medullary differentiation had become more

The nephrogenic zone was appreciated till 3distinct. By 40 weeks subcapsular nephrogenic
weeks. The cortex and medulla were distinctlgone disappeared [5]. The findings of present
differentiated at this stage. Mature renastudy were in agreement with the above author.
corpuscles were observed in the corteg(re -
4). By 28" week the sections of DCT wereFigure - 5: Kidney; under 40X (Hematoxylin
observed adjacent to the renal corpusclend Eosin)
indicating the developing juxta glomerularFigure-5a: Cortex
apparatus (JGA)Higure - 5a). The thin and (1-Glomerulus, 2- PCT, 3- DCT, 4- Capillary,
thick segments of loop of Henle were identifiedite of developing Juxtaglomerular apparatus)
by 28" week Figure - 5b). Figure- 5b: Medulla

(4-Collecting tubule, 5- Thin limb of loop of
Figure - 4: Kidney under 10X showing cortex Henle)
and medulla at third trimester. (Hematoxylin anc
Eosin).
(1-Capsule, 2- Glomeruli)

According to Tank, et al. at 12 weeks the kidney
was covered by a thin capsule with an
undifferentiated corticomedullary junction. In the
cortex the immature developing glomeruli were
more in number. At higher magnification the
Discussion PCT and DCT can be easily identified by 17

According to Maria et al nephrogenesis in humaweeks' In the medulla, the cells were arranged in

starts at & week of intrauterine life and is 9 0UPS indicating the formation of collecting

completed by 35 week of gestation. They alsotubules. The loops of Henle were differentiated

state that distinct corticomedullary differentiatio t,)y 17 Wegks. The primitive b_|00d_ vessels were
ed by simple squamous epithelium [3]. In the

is observed at 25 weeks. The differentiation o%n

tubules was observed during 25 to 30 weeks Bfesent study the differentiation of tubules in the
cortex was observed as early a8 t@ek and the

gestation [2]. In the present study the . L
. _ Imedulla started differentiating by 28 weeks
differentiation of tubules was observed as ear \X/ ; e

here the loops of Henle were identified.

as 16' week of gestation.

0,fb\ccording to Dakou-Bjelakovi, et al. in the

According to Sadiqali, et al. at 14 weeks o .
gestation the section of kidney showed guperflual part of the cortex, nephrogenic zone

Page 52



Hosapatna M, Bangera H, D Souza A, Das A, SupriyapDza AS, Ankolekar VH. Histological differentiati of human
fetal kidney. IAIM, 2015; 2(7): 49-54.

was very large at lower weeks of fertilization buticcurately. Also the vascular development was
as weeks of fertilization increased size ofhot considered in detail in the present study.
nephrogenic zone decreased, it was absent at 36

weeks of fertilization [6]. Conclusion

_ As it is essential to understand the developmental
Few authors have mentioned that thg,oronology of kidney, the present study explains
nephrogenic zone disappears by'3&2ek [3, 7, it in detail. More emphasis is given to the
8]. In the present study the nephrogenic zone Wggyejopment of each component especially the
observed till 36 weeks. appearance of JGA which is been not explained

_ previously.
According to Emery, et al. the scattered

glomeruli were found in two zones; one near thﬁeferences
arcuate vessels and the other near the capsule-t
was suggested that the scattered glomeruli in the

1. Dyson M. Urinary System In: Gray's

arcuate vessels represent involution forms of
large glomeruli. They also describe that the
peripherally situated scattered glomeruli may be
related to disease processes occurring during the
later development of the fetus or in the period
immediately following birth [9]. In the present
study as the arcuate vessels were not identified,
the above findings could not be substantiated.

Study by Bello, et al. on histological
differentiation of bovine kidney in first trimester
kidney showed numerous mesenchymal cells
with few developing glomerulus. In the medulla
few types of collagen fibers were seen. In second
trimester fully formed glomeruli were formed
moderate number of mesenchymal cells and
immature developing duct systems were seen. In
third trimester numerous developed glomeruli
with mature duct system were seen [10]. The
findings were similar to that of the present study
indicating similarities in histogenesis of kidneys
in bovine and in human fetuses.

According to Mishra S, et al. the cortico-
medullary junction was well defined at 18-20
weeks of gestation [11]. According to Maria H et
al the corticomedullary differentiation is
completed between 25-30 weeks [2]. Similar
findings were observed in the present study.

The lack of availability of fetuses of all weeks of
gestation was a limitation as it would be possible
to explain the developmental process more
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