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Abstract: Rhinilophid bat Hipposederos speoris possesses anatomical variation in kidneys; the left kidney is
typical bean shaped while right is broader at the anterior and narrower at the posterior region. The thick renal
medulla and long papilla indicates the long uriniferous meant for maximum water reabsorbtion from the filtrate.
The anatomical and histological structures of uriniferous tubules are adapted with insectivorous feeding habit
as well as the humid habitats of tropical environment.
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INTRODUCTION used for this study. The fixed kidneys were washed,

An animal’s ecological distribution and feeding wax (58-60°C). The mid sagittal sections were cut at 5-7 µm
habits are related with renal physiology in several with the help of rotary microtome. For histological
mammalian species [1-5]. Chiropterans also exhibit the observations the midsagittal sections were stained with
renal adaptations influenced by the habitats and feeding Haematoxylin-eosin technique. Histochemistry of
habits [6-9]. The kidneys of animalivorous bats possesses glycogen by Periodic Acid Schiff’s technique [18, 19];
thick medulla and long renal papilla which is associated proteins by mercuric bromophenol blue method [20] and
with their protein rich diet; an adaptation for water phospholipids by Sudan Black–B method [21] was
conservation [2, 10, 11]. The old world Megachiropteran examined. The cellular measurements were taken with the
fruit bats possessed kidneys with thick cortex; a thin help of ocular micrometer scale.
medulla and a very short papilla [9, 12]. Patil et al. [13]
reported the developmental morphology of leaf nosed bat RESULTS
Hipposideros speoris. The development and structure of
mesonephros and metanephros in prenatal embryonic Kidneys of Hipposederos speoris are bean shaped
stages and lactating postnatals of H. speoris and false possess similar weight; the right kidney is broader at the
vampire Megaderma lyra lyra has already been studied anterior side and narrower at the posterior part (Table 1).
[14-17]. Anatomically the kidney is divided into cortex and an

The present study discussed the relationship of inner medulla which is further divided into outer and inner
anatomical components of kidney, histological structure zones, long papilla protrudes outside the kidney at the
and some  histochemical investigations of uriniferous hillus (Figs. 1 and 2; Table 2). Uriniferous tubules in the
tubules in Rhinilophid bat Hipposederos speoris with its cortex differentiated into the proximal and distal
insectivorous feeding habit and the tropical habitats. convolutions. The columnar epithelial cells lining the

MATERIALS AND METHODS lumen; while the cuboidal epithelial cells lines distal

Preserved kidneys of Hipposederos speoris, fixed in capsules embedded in the convolutions of the cortical
Alcoholic Bouin’s, Aqueous Bouin’s and 10% Formalin tubules  (Fig.  3;  Tables 3 and 4). In the medulla collecting

dehydrated, cleared in xylene and embedded in paraffin

proximal convoluted tubules are possess microvilli at the

convoluted tubules with wide lumen. The Bowman’s
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Table 1: Kidney Measurements of Hipposideros speoris

Kidney Measurement in m.m. (Length x Width x Thickness) Weight of Kidney in g.
------------------------------------------------------------------------------ -----------------------------------------

Sr. No. Sex Body wt. in g. Right Kidney Left Kidney Right Kidney Left Kidney

1 Male 14 5.8 x 4.7 x 2.9 5.6 x 4.5 x 3.4 0.049 0.049
2 Female 12.5 5.0 x 3.9 x 3.2 6.1 x 3.5 x 3.2 0.033 0.033

Table 2: Measurements of different parts of Kidney of Hipposideros speoris (in µm)

Sr. No. Part of Kidney Thickness/ Length*/ Space**/ Diameter***

1 Collagenous Capsule 160.713
2 Cortex 614.376
3 Medulla (Outer) 696.804
4 Medulla (Inner) 356.132
5 Papilla 2256.3
6 Calyx 109.48**
7 Hilum 808.22***

Table 3: Diameter of different parts of Uriniferous Tubule,Ureter, Renal Artery and Renal Vein of Hipposideros speoris (in µm)

Sr. No. Part of Renal Tubule / Ureter / Renal Artery / Renal Vein External Diameter/ Thickness* Luminal Diameter

1 Bowman’s Capsule 60.643 --
2 Glomerulus 56.189 --
3 J-Glomerular apparatus 36.225* --
4 Proximal Tubule 29.354 6.387
5 Thin Loop of Henle 19.723 6.762
6 Distal Tubule 27.960 11.753
7 Collecting Tubule 32.844 11.753
5 Collecting Duct 35.823 14.651
8 Ureter 253.571 64.4
9 Renal Artery 57.142 14.286
10 Renal Vein 44.642 26.785

Table 4: Details of Cells in Different Parts of Uriniferous Tubule of Hipposideros speoris

Sr. No. Part of Renal Tubule Diameter of Cells in µm Diameter of Nucleus in µm Shape of cells No. of Cells in T.S.

1 Glomerulus 5.635 4.025 Irregular --
2 J-Glomerular Cells 6.44 4.83 Spherical --
3 Macula Densa 8.05 4.83 Cuboidal 5
4 Proximal Tubule 9.123 4.83 Columnar 5 to 7
5 Thin Loop of Henle 7.889 4.83 Cuboidal 3 to 5
6 Distal Tubule 9.338 4.83 Cuboidal 6
7 Collecting Tubule 10.787 4.83 Cuboidal 6 to 7
5 Collecting Duct 10.626 7.406 Cuboidal 8 to 10
8 Interstitial Cells 9.66 6.44 Spherical --

tubules with wide lumen are lined by the cuboidal in the Bowman’s capsule, juxta- glomerular apparatus;
epithelial cells; the loops of Henle possess very narrow proximal convoluted tubules and the basement membrane
lumen are lined by the squamous epithelial cells (Fig. 4; of distal convoluted tubules is high. The uriniferous
Tables 3 and 4). In the large papilla collecting ducts with tubules of the medulla and papilla exhibit less protein;
wide lumen lined by the columnar epithelial cells, the while no glycogen reaction is observed in the distal
collecting tubules and the thin loop of Henle and tubules. Very weak glycogen reaction is observed in
interstitial cells are also observed (Fig. 5; Tables 3 and 4). collecting ducts and collecting tubules of the papilla.
Histochemistry  of  protein  (Figs.  6 and 7), glycogen Phospholipid activity in the uriniferous tubules of
(Figs.  8,  9  and 10) and phospholipid (Fig. 11) examined. Medulla is increased as compared to the cortical region
In the cortex; protein, glycogen and phospholipid activity which decreased again in the tubules of papillary region.



World J. Zool., 9 (1): 38-45, 2014

40

Fig. 1: Midsagittal   section    of    the    right   kidney  of H. speoris showing an outer thin cortex (c) and an inner medulla
which further divided into outer ( ) and inner ( ) zones. A large conical papilla (p) protrudes through the hilus.
The papilla is separated from the outer cortico-medullary tissue by a narrow calyx

Fig. 2: Microphotograph of the right kidney of the H. speoris to show the outer thin cortex (c), the thick medulla which
is further divided into an outer ( ) and an inner ( ) zone. The long papilla (p) protrudes outside the kidney
through the wide hilus

Fig. 3: Photomicrograph to show Bowman’s capsule lined by flattened epithelial cells, the darkly stained glomerular cells
(g) lies inbetween the glomerular capillary network, which is surrounded by glomerular lumen. The juxta-
glomerular apparatus is present at the vascular pole and the emerging proximal convoluted tubules (pt) lies at the
tubular pole. The Bowman’s consules are surrounded by the proximal convoluted tubules and the distal
convoluted tubules (dt). Asterix points the cortical blood capillary
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Fig. 4: T.S. medulla of adult kidney of H. speoris magnified showing different parts of uriniferous tubules. The collecting
tubules, the small tubules of the thin loop of Henle (h), the proximal tubules (pt) and the distal tubules (dt)

Fig. 5: Papillary region magnified, showing the collecting ducts (cd) with wide lumen and collecting tubules (ct) with
narrow lumen, both are lined by cuboidal epithelial cells with centrally placed large round nuclei. The arrowheads
point towards the papillary blood capillaries. Note the interstitial cells with large nuclei lying in the connective
tissue matrix. Note the part of proximal tubule (pt) in the papilla

Fig. 6: Cortex of the kidney of H. speoris showing high protein accumulation in the nuclei of the glomerular cells (g),
epithelium of Bowman’s capsule, juxta-glomerular cells, proximal convoluted tubules (pt) and the blood capillaries
(arrow). The distal convoluted tubules (dt) show moderate reaction for proteins
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Fig. 7: Medulla of the kidney of adult H. speoris showing high protein activity in the proximal tubules (pt), distal tubules
(dt), the thin loop of Henle and collecting ducts (cd). The interstitial connective tissue membranes (ic)
surrounding the tubules show moderate protein intensity

Fig. 8: The cortex of the adult kidney of H. speoris showing high accumulation of glycogen in the glomerulus (g),
basement membrane and luminal surface of cells of the proximal convoluted tubules (pt) and the basement
membrane of cells of the distal convoluted tubules (dt). The cells of the uriniferous tubules show moderate to
weak reaction with PAS. The luminal surface of cells of the distal convoluted tubules exhibit no reaction for
glycogen

Fig. 9: The medulla showing high accumulation of glycogen in the basement membrane of cells of the proximal tubules
(pt), distal tubules (dt), the thin loop of Henle (h), collecting tubules (ct) and collecting ducts (cd). The cytoplasm
of cells of the tubules and luminal surface show moderate to weak glycogen activity
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Fig. 10: Papilla showing high to moderate intensity of glycogen accumulation in the basement membranes of collecting
ducts. The basement membranes of the cells and luminal surface of cells show moderate to weak reaction with
PAS. Arrow points towards the blood capillary showing high accumulation of glycogen

Fig. 11: Section of the kidney of H. speoris showing moderate phospholipid activity in the cortex (c), high reaction in
the outer zone of medulla (om). The inner zone of medulla (im) and the papilla (p) exhibit weak affinity for
phospholipids

DISCUSSION The kidneys of H. speoris show the thick medulla divided

Anatomically the chiropteran kidney is simple and is protruding outside the kidney indicates the long loop of
divided into an outer cortex, a single medullary pyramid Henle; which correlates the urine concentrating ability of
converging in straight lines to the pelvis forming the this bat, the condition is same with other neotropical
terminal papilla [22]. In H. speoris the kidneys are bean microchiropteran bats [1, 7, 10, 11, 24]. The relative
shaped, bearing almost same size and weight (Table 1); medullary and papillary thickness is correlated with the
but the right kidney is broader anteriorly, which is a water reabsorption and the urine concentrating ability of
common  feature  in  other  neotropical  bats  [5, 23, 24]. the  animal  [25].  The  diet  of H.  speoris  mainly includes

into an outer and an inner zone and a long conical papilla
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insect proteins; the dietary habits might be playing more 4. Patil, K.G., K.S. Janbandhu and A.V. Ramteke, 2010.
significant role in deciding the urine concentrating ability. Renal  Morphology  of Indian Palm Civet
The interstial cells present in the basement membranes of Paradoxurus hermaphroditus hermaphroditus
medulla and papilla may act as bridges in between the (Schrater) (Carnivora; Mammalia). Hislopia Journal,
uriniferous tubules and the blood capillaries. It is 3(2): 179-184.
presumed that these cells might be acting as temporary 5. Patil, K.G, 2013. Morphological Adaptations in the
reservoir for the substrates. The presence of tissue fluid Kidney and Urine Concentrating Ability in Relation
and lymphatic vessels around the blood capillaries and to Dietary Habit in the Three Species of Bats. World
nephric tubules are responsible for transport of substrates Journal of Zoology, 8(2): 198-205.
across the kidney tissue [26, 27]. 6. Geluso, K.N., 1978. Urine concentrating ability and

Histochemically,  the  high  protein   intensity in renal  structure  of  insectivorous  bats.  J.  Mamm.,
juxta-glomerular apparatus confirm the enzymatic activity; 59: 312-323.
as this site secretes enzyme Renin, responsible for 7. Studier,  E.H.,   S.J.   Wisniewski,   A.T.  Feldman,
regulation of blood pressure, renal blood flow and R.W. Dapson, B.C. Boyd and D.E Wilson., 1983.
ultrafiltration rate. High protein and glycogen Kidney  structure  in  Neotropical bats. J. Mamm.,
concentration in the microvillar brush border of the 64(3): 445-452.
proximal tubules indicate its absorptive nature for water 8. Studier, E.H. and D.E. Wilson, 1983. Natural urine
glucose, minerals etc. More protein reaction noticed in the concentration and composition in Neotropical bats.
basement membranes of the cells linning the uriniferous Comp. Biochem. Physiol., 75A(4): 509-515. 
tubules in the medulla. The proximal convoluted tubule is 9. Patil, K.G., 2013. Renal Adaptation in Fruit Bat
one of the most important sites for active absorption of Rousettus leschenaulti (Desmarest): Pteropodidae,
minerals which are mostly in ionic form. Thus presence of Chiroptera. Asian Journal of Biology and
glycogen in these cells can be attributed for its role as Biotechnology, 2(2) e207: 1-10.
energy substrate because active absorption takes place at 10. Rosenbaum,  R.M.,  1970.  Urinary System. In:
the expense of energy [9, 11and 27]. Concentration of “Biology of bats”, (W.A. Wimsatt, Ed.) Acad. Press,
phospholipids is less in the epithelium of the Bowman’s New York, pp: 331-387.
capsule, juxta-glomerular cells and the basement 11. Patil, K.G. and K.S. Janbandhu, 2012. Observations
membranes of the proximal tubules, thin loop of Henle, the on the Renal Morphology of Indian False Vampire
collecting tubules in H. speoris showing same Megaderma lyra lyra (Geoffroy). Asian Journal of
observations in Megaderma lyra lyra [11]. Phospholipids Biology and Biotechnology, 1(1) e103: 1-11.
along with proteins are important molecules in the cell 12. Sriya, P., 2005. Renal Microvasculature in the Lylei's
membranes making fluid-mosaic structure more suitable Flying Fox Pteropus Lylei. M. Sc. Thesis Mahidol
for the process of diffusion. Its intensity suggests that it Univ Thailand, pp: 70.
facilitates passive absorption of the materials from filtrate 13. Patil,  K.G.,  K.S.  Janbandhu,  A.V.   Ramteke  and
in the cells of nephric tubules. Sperber [1] also described S.B. Zade, 2012. Observations on the Growth Related
lipids in the proximal epithelium of the kidney in Morphology in Indian Leaf Nosed Bat Hipposideros
Pipistrellus nilssoni. speoris (Schnider), Microchiroptera- Rhinolophidae.
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