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Abstract: At early phalange stages of Hipposideros speoris the mesonephri differentiated into Bowman’s
capsules; mesonephric tubules with very wide lumina lined by the cuboidal epithelial cells, open into a very
narrow mesonephric duct. The metanephric protuberances increase in diameter than the mesonephros. In the
metanephros the primary collecting tubules originate from the central wide renal pelvis and terminate as
ampullae at the outer surface, below the collagenous capsule. The dense metanephrogenic mesoderm around
the ampullae becomes  gradually  transformed  into  the  renal tubules, which differentiate into the renal
corpuscles and further develop into the Bowman’s capsule deep in the metanephros. Large amount of the loose
metanephrogenic mesoderm observed around the tubules. The ureter originates from the central renal pelvis
and emerges out from the kidney through the wide hilus. The late phalange stage is characterized by further
differentiation and increase in size of the metanephros than the mesonephros. The metanephric Bowman’s
capsules and the uriniferous tubules undergo further differentiation in the middle region of the metanephros.
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INTRODUCTION Van der Stricht [2] examined the structural

The origin of excretory system from the intermediate plaques at 21 somite stage of Rhinolophus hipposideros
mesoderm appears at early embryonic stages. In mammals and   an  older   embryos  of Nyctalus [= Vesperugo]
the development of three stages of excretory system viz., noctula. He noticed that the sclerotomes and
pronephros (anterior embryonic kidney), mesonephros mesonephric plaques bear bimetameric relationship for
(middle embryonic kidney) and metanephros (posterior each sclerotomes at the cranial end. This pattern was not
embryonic kidney) appear in succession. The consistent in the older embryos of N.  noctula.  Sperber
mesonephros implies the existence of pronephros and [3] observed typical  fetal  furrows  on  the  surface of
metanephros and the metanephros develops later and fetal kidneys from Myotis  (Kidney  1.0  mm  in  length)
become the permanent functional kidney. Pronephri the and Plecotus. No cortical and medullary zones were
most primitive organs is an exceedingly transitory differentiated at this stage of development. 
structures appears and degenerated in the early Patil and  Janbandhu  [4,  5]  described  relationship
embryonic stages in birds and mammals; while its of protein and glycogen activity in the prenatal and
functional role has been replace temporarily by the postnatal kidneys of Rousettus leschenaulti, Megaderma
mesonephros. In early embryonic stages of mammals the lyra lyra and Hipposideros speoris with structural
mesonephros attain a considerable degree of development development and functional physiology by using
and are believe to be involved on the elimination of histochemical methods. They examined the high protein
nitrogenous waste. All the three types of excretory organ and glycogen activity in the cortical region, which
are the paired structures and are concerned in collecting decreases in the medulla and further decreases in the
waste [1]. region of the papilla in general. 

relationship between the sclerotomes and mesonephric
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In mammals the secretion of hypertonic urine is shows the metanephric protuberance and the
related with the functional activity within the loop of mesonephros. The metanephros consists of outer dense
Henle. In the uriniferous tubules the urine formation metanephrogenic mesoderm around the developing
mainly involves glomerular filtration, tubular reabsorption ampullae and the central loose metanephrogenic
and tubular secretion. The glomerular filtration appears to mesoderm surrounding the primary collecting tubules.
be a  passive  process,  without any cellular activity. In The mesonephric Bowman’s capsule encloses the
most of the mammals about 80-85% of the glomerular glomerulus along with glomerular cells, which are is
filtrate is reabsorbed through tubular active reabsorption surrounded by the lumen lined by flattened epithelial
[6]. The large number of convolutions of the proximal cells. The convoluted mesonephric tubules with lumen
tubules in the thick cortex of the kidney of P. lined by the cuboidal epithelial cells open into the
hermaphroditus hermaphroditus are an indication that mesonephric duct with wide lumen lined by the cuboidal
the proximal convoluted tubule is also the longer part of epithelial cells. The mesonephric tubules are embedded in
the uriniferous tubule. the mesonephric mesoderm. 

There is some species specific differentiation of the The embryo of H. speoris with a body mass 0.009 g
excretory organs during development. In this report the and CR length of 8.5mm is characterized by the
development of mesonephros and metanephros at development of metanephros (permanent kidney) which
phalange stages of embryonic development in is not yet differentiated into a cortex and a medulla. The
Hipposideros speoris are described as a mammalian kidneys exhibit the primary collecting tubules originating
example. from the central wide renal pelvis and terminating as

MATERIALS AND METHODS furrow at the outer surface. The dense metanephrogenic

The report is based on the examination of transformed into the renal tubules. The renal tubules
mesonephros and metanephros at the phalange stages of become differentiated into renal corpuscles, which further
development from 7 preserved embryos of Leaf Nosed Bat develop into the Bowman’s capsules deep in the
Hipposideros speoris. The pregnant females of metanephros. In the differentiating Bowman’s capsules,
Hipposederos speoris were previously collected from the glomeruli with few glomerular cells surrounded by the
underground dilapidated dark rooms of Ballarshah fort, lumen lined by the flattened epithelial cells are present.
Maharashtra, India. The embryos at phalange stage of Large amount of loose metanephrogenic tissue is
development were selected; their body weight (taken by observed around the tubules and the long ureter which
the electronic weighing balance) and crown rump length originates from the central renal pelvis and emerges out of
(CR) were recorded and then fixed in 10% buffer Formalin the kidney through a wide hilus.
for 24 hours for histological study. The embryos washed The embryo with CR length 11.5mm and body mass
overnight in running tap water and dehydrated by 0.009g, show increased differentiating metanephri than the
passing through different grades of ethyl alcohol, cleared mesonephri. At this stage of development, mesonephric
in xylene and embedded in paraffin (58-60°C). The tubules with wide lumina and narrow collecting ducts are
sections of embryos were cut at 5-7µm with the help of observed in the mesonephros. The mesonephros consists
rotary microtome. For routine histological observations of the well differentiaed Bowman’s capsules and the
the sections were stained with Haematoxylin-Eosin mesonephric tubules opening into the mesonephric duct.
technique. The sections containing mesonephros and Mesonephros shows the afferent glomerular vessel
metanephros were selected and observed under light entering the glomerulus and the efferent glomerular vessel
microscope. The measurements of different parts of emerging out from the glomerulus.
mesonephros and metanephros were calculated with the In the embryo with a body mass 0.0095g and a CR
help of ocular micrometer scale. length of 11.5mm the Bowman’s capsules and the

RESULTS middle region of the kidney.

The  prenatal  embryo  of  Hipposederos  speoris at components of mesonephros and metanephros are given
early  phalange stage with a body mass 0.0047g (CR 8mm) in Table 1, 2A and 2B.

ampullae below the collagenous capsule in each fetal

mesoderm around the ampullae becomes gradullay

uriniferous tubules undergo further differentiation in the

Note: The details and measurements of various
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Fig. 1: Potrait of the prenatal embryo of H. speoris at early phalange stage with a body mass 0.0047g (CR 8mm). e: eye;
er: ear; f: fore limb; h: hind limb; t: tail-bud.

Fig. 2: Part of section to show the metanephric protuberance and the mesonephros. The metanephros consists of
outer dense metanephrogenic mesoderm around the developing ampullae (thick arrows) and the central loose
metanephrogenic mesoderm surrounding the primary collecting tubules (thin arrows). In the mesonephros the
Bowman’s capsule encloses the glomerulus along with glomerular cells, which are is surrounded by the lumen
lined by flattened epithelial cells (arrowheads). The highly convoluted mesonephric tubules with wide lumen
lined by the cuboidal epithelial cells open into the mesonephric duct (m) with wide lumen lined by the cuboidal
epithelial cells. The mesonephric tubules are embedded in the mesonephric mesoderm. g: gonad; m:
mesonephric duct; : mesonephric glomerulus; : mesonephric tubule.

Figs. 3-4: Midsagittal sections of the right (Fig. 3) and left (Fig. 4) developing metanephri of the embryo (Fig. 1) showing
the collagenous capsule (cap) forming the outer covering of the kidney. The primary collecting tubules (thick
arrows) originate from the renal pelvis (rp) and terminate as ampullae (arrowheads) below the capsule forming
the furrows at the outer boundary. The ampullae are surrounded by the dense metanephrogenic tissue, from
which develop the renal tubules (long arrows) lying lateral to the ampullae. The differentiating renal tubules
are transformed into the renal corpuscles (thin arrow) which gradually develop into the differentiating
Bowman’s capsule ( ) deep in the loose metanephrogenic mesoderm. The ureter (ur) emerges out from the
metanephros at the hilus (Fig. 3). ad: adrenal.
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Fig. 5: Potrait of the prenatal female embryo of H. speoris with a body mass 0.009g and CR length 11.5 mm. e:eye; er: ear;
f: fore limb; h: hind limb; t: tail bud. 

Fig. 6: Section to show the mesonephric Bowman’s capsule (thick arrow), mesonephric tubules (thin arrows) and
mesonephric duct (arrowhead) in the mesonephros. The developing metanephros shows the primary collecting
tubules (long arrows) terminating as ampullae ( ) surrounded by dense metanephrogenic mesoderm at the outer
surface. g: gonad; ur: ureter. 

Fig. 7: Lateral view of the prenatal male embryo of H. speoris (CR length 11.5 mm) with a body mass 0.0095. e: eye; f: fore
limb; h: hind limb; p: pinna; t: tail-bud. 

Fig. 8: Midsagittal section of the left kidney of the prenatal embryo of H. speoris shown in figure 7. Note that at this
stage of development still there is no differentiation of the metanephric tissue into cortex and medulla. At the
outer boundary of the kidney in each foetal furrow (thin arrows) the ampullae are seen below the collagenous
capsule. The primary collecting tubules (long arrows) originate from the renal pelvis (rp). The ureter (ur) leads
to the exterior through the wide hilus ad: adrenal.

Table 1: Measurements of different parts of Mesonephros at Phalange stage of development Hipposideros speoris (in µm).
Sr. No. 1 2 3 4

CR length 9.5mm 11.5mm 11.5mm
Body Mass 0.0047g. 0.009g. 0.0088g.
Mesonephros at T.S. 451 x 322 547.4 x 290 644 x 322

Mesonephric Bowman’s Capsule External Diameter 100 67.9 75
Diameter of Glomerulus 71.43 53.57 67.9
Lumenal Diameter 35.7 5.4 5.3

Mesonephric Tubule External Diameter 42.9 32.15 53.6
Luminal Diameter 17.9 21.43 42.86
Epithelial cells Height / Shape 10.7 Cuboidal 7.1 Cuboidal 7.1 Cuboidal

Mesonephric Duct External Diameter 32.14 21.43 21.43
Luminal Diameter 10.7 7.1 3.57
Epithelial cells Height / Shape 10.7 Cuboidal 9 Cuboidal 7.1 Cuboidal
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Table 2A: Measurements of different parts of Bowman’s Capsule in the Metanephros at the phalange stage of development of Hipposideros speoris (in m)
Bowman’s Capsule
----------------------------------------------------------------------------------------------------------------------------------------------------------------

Glomerular Cells Capsular Epithelium
----------------------------- -----------------------------------------------------

External Diameter of Glomerular Diameter Nuclear Shape Nuclear
S N CR in mm Diameter Glomerulus Lumen of Cell Diameter of Cells Height Diameter
1. 8 53.57 74.99 7.14 7.14 3.57 Squamosal 3.57 3.4
2. 8.5 75 64.27 10.5 7.14 3.57 Squamosal 3.57 3.4
3. 11.5 71.43 57.14 7.14 7.14 3.57 Squamosal 3.57 3.5
4. 11.5 78.57 67.86 7.14 7.14 3.57 Squamosal 3.57 3.5

Table 2B: Measurements of different parts of Metanephros at the phalange stage of development of Hipposideros speoris (in µm)
Epithelial cells
------------------------------------------------------------------

Metanephric Component Sr. No. External Diameter Luminal Diameter Shape Height Nuclear Diameter
Ureter 1 --- --- --- --- ---

2 78.57 57.14 Cuboidal 14.28 3.5
3 76.57 64.28 Cuboidal 7.15 3.57
4 161 149.9 Cuboidal 7.15 3.57

Renal Pelvis 1 --- --- --- --- ---
2 125 114.28 Cuboidal 7.15 4.45
3 124.99 114.29 Cuboidal 7.15 4.46
4 157.15 135.7 Cuboidal 7.15 4.46

Primary Collecting Tubule 1 53.57 35.71 Cuboidal 5.36 3.57
2 46.43 35.71 Cuboidal 5.36 3.5
3 64.28 35.71 Cuboidal 5.36 3.57
4 53.57 46.43 Cuboidal 5.36 3.57

Straight Collecting Tubules 1 24.99 10.7 Cuboidal 7.14 4.46
2 21.45 10.7 Cuboidal 6.25 4.46
3 28.57 10.7 Cuboidal 7.14 4.46
4 28.57 14.28 Cuboidal 7.14 4.46

Ampulla 1 60.71 24.99 Columnar 14.28 4.46
2 71.43 25 Columnar 10.7 4.46
3 53.57 28.57 Columnar 14.28 4.46
4 46.43 21.43 Columnar 14.28 4.46

Renal Tubule 1 42.86 7.14 Columnar 14.29 5.75
2 28.57 7.14 Columnar 10.7 5.36
3 35.71 7.14 Columnar 14.29 5.75
4 46.43 7.14 Columnar 17.86 6.25

Renal Corpuscle 1 49.99 10.7 Columnar 14.3 4.46
2 42.86 7.14 Columnar 14.3 4.45
3 53.57 10.7 Columnar 14.3 4.45
4 57.14 10.7 Columnar 14.3 4.45

(Sr. No. 1: Embryo of CR length 8.00mm, Body Mass 0.0047g. TS of Metanephros (Left) 0.885x0.515mm;
 Sr. No. 2: Embryo of CR length 8.50mm, Body Mass 0.0090g. TS of Metanephros (Right) 0.966x0.805mm;
 Sr. No. 3: Embryo of CR length 11.5mm, Body Mass 0.0090g. TS of Metanephros (Left) 1.175x0.563mm;
 Sr. No. 4: Embryo of CR length 11.5mm, Body Mass 0.0095g. TS of Metanephros (Left) 1.369x0.805mm)

DISCUSSION kidney. Embryologically the tubules of all three organs

Three types of paired excretory organs, pronephros, connection with the somites [1].
mesonephros and metanephros develop in succession The well differentiated mesonephros is observed at
during the embryogenesis of vertebrates. In  mammals  the the early phalange stages of development of
the pronephros and mesonephros are transitory excretory Hipposederos speoris. The mesonephri occurs as a paired
organs while the metanephros is the permanent functional protuberance of intermediate mesoderm on either side of

arise from intermediate mesoderm which looses its original
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the dorsal aorta. In the mesonephric protuberance the the metanephros of adult [9] and postnatal sucklings [10]
differentiating mesonephric corpuscles enclosing the the renal tubules are well differentiated histologically into
glomerular capillaries are observed. Adjacent to the the Bowman’s capsules, the proximal and distal
mesonephric corpuscles are seen a few developing convolutated tubules in the cortex. The medulla comprises
mesonephric tubules which open into the mesonephric the network of large collecting tubules and the very
duct. narrow loops of Henle with lumen. In the large papilla

At early phalange stages (1. with a body mass collecting ducts with wide lumen open into the wide calyx;
0.0047g and CR length 8mm and 2. body mass 0.009g and few collecting tubules and the thin loop of Henle are also
CR length 8.5mm) the metanephric protuberances increase observed in the papilla. 
in diameter than the mesonephros. In the metanephros the At late phalange stages of the developing
primary collecting tubules originate from the central wide metanephros shows the differentiation of the renal tubles,
renal pelvis and terminate as ampullae at the outer surface, renal corpuscles, Bowman’s capsules and the
below the collagenous capsule. The dense differentiating uriniferous tubules. The branches of renal
metanephrogenic mesoderm around the ampullae becomes vessels observed anterior to the ureter at the region of the
gradually transformed into the renal tubules, which renal pelvis. The surface of the foetal kidneys of Myotis
differentiate into the renal corpuscles, which further and Plecotus show the presence of furrows [3]. Similar
develop into the Bowman’s capsule deep in the furrows are observed in on the outer surfaces of
metanephros. Large amount of the loose metanephrogenic differentiating embryonic kidneys of H. speoris; which are
mesoderm is observed around the tubules. The ureter due to the termination of the collecting tubules as
originates from the central renal pelvis and emerges out ampullae embedded in the peripheral tissue under the
from the kidney through the wide hilus. collagenous capsule.

The phalange stage of H. speoris (at CR length of The metanephros is covered by a thick collagenous
11.5mm and body masses 0.009g and 0.0095g) is capsule, the kidneys are bean shaped, but the right kidney
characterized by further differentiation and increase in size is broader at its anterior pole. Such a variation in the
of the metanephros than the mesonephros. The structure of the two kidneys has also been reported in
metanephric Bowman’s capsules and the uriniferous Pipstrellus jaranicus [11] where the right kidney is
tubules undergo further differentiation in the middle shorter and thicker than the left because of its close
region of the metanephros. At this stage in H. speoris the association with the liver. No differentiation of cortical
mesonephros consists of mesonephric tubules with very and medullary tissues was noticed in the metanephros at
wide lumina lined by the cuboidal epithelial cells which this stage [3, 12]. The length of renal tubules suggests
open into a very narrow mesonephric duct. The that they are adapted to develop into the long loop of
development and structure of the mesonephros are similar Henle of uriniferous tubules [13]. The length of loop of
to that in other vertebrates and the metanephros is similar Henle is directly proportional to the medullary thickness
to that in other mammals [1]. [14, 15] which is an adaptation to conserve more water

In Megaderma lyra lyra at phalange stage of from the filtrate. 
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