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ABSIRACT

Studlies on the kidneys of 12 male and 8 female
buffaloes were-made, Haematoxylin and eosin were used as
routine stains and Ven Gleson's, Gridley's and Gallego's
as special stalns. Perilodie Acid Sehiff techniqge was also
employef to study the speecial structures of the kidney.

The right kidney is triangular in outline, reseme
bling the heart of a playing card., The hilus is situated
almost in the centre of the ventral surface of the right
kidney. :

The approximate weizhts of the right and left
kidneys are 161 gms. and 172 gﬁs. respectively in the young
and 39% gns. & 43% gms. in the adult animals. The length,
breadth and thickness of the right kidney in younz animals
are 11.5 cm., 6.8 cms and 3.% em. but 15.0 em., 9.7 em, and
%3 em. in adult animals respectively. The dimensions of the
lef't kidney are 10.7 ems, 641 cm. and %.0 em, respectively
in calves, vhereas 13.% cm., 7.6 cm, and 6.8 en. in adult
buffaloes.,

The tunica fibrosa of the kidney capsule has a
definite layer of smooth muscle cells in its innermost part,
The renal fascia which is the first fascial membrane is situe-

ated outside the perinephric fat.

(1)




The cortical renal corpuscles (139/% in young and
168/9 in sdult enimals) are larger than those of the Juxta-
medullary region (130/Q in young and 156/9 in edult animals).

The glomerull of the cortical region (107/4 in young
and 133/% in adult animals) are also larger than those of the
Juxtamedullary gone (95/4 in young and $23/2 in adult animals).

The capsular space is of greater width in adult
kidneys than in young ones.

In the kidneys of calves the typical juxtaglomerular
cells with rounded nuclei and PAS positive granules are less
numerous than In those of the adult buffaloes.

The proximal tubule has a diameter of 36/% in young
“and %9/Q in adult animals. The lining eells are 9/U and 10/4
in hedight in young and adult animels respectively. PAS posie
tive granules mask the cell boundaries of the lining epithe~
1ial cells of the proximal tubule.

The thin segnent of the Henle's loop has a diameter
of 16/% and 25/1 and the epithelial cell height 4/% and 5/%
in young and adult animals respectively.

The distal tubule of the kidney of young animals has
a diameter of 23/% as ageinst 4%2/Q in adult animals. The epi-
thelial cell height 1s 6/U in calves but 7/4 in adult females.

The macula cells are comparatively taller than those
of the rest portion of the distal tubule. The chromatin granue
les of these cells take degper stain.

The diameters of the straizht eollecting tubules in
calves and adult buffaloes are 35/1 and 50/R respectively.The

(1)



heights of the lining cells are 7/4 and 8/U in young and
adults respectively.

The papillary duet is lined by_a single layer of
tall columnar cells except at the terminal portion where
the epithelium becomes transitional. The transitional epi-
thelium of the papillary duct is seen continued on to the
surface of the renal papilla. The duct has a diameter of
43/% in young but B4/U in adult enimals. The heights of the
1ining epithelia in the transitional portion are 17/2 and
25/® in the kidneys of ealves and adult buffaloes respectively.

The reticular fibres surround the renal tubules.

The fibres become more concentrated in the reglon of tle
“"arteriolae rectae spuriae”.

The papillary epithelium is transitional except at
the angle of reflexion vhere hardly two layers of cells are
present. The transitional papillary epithelirm extends to a
varying extent into the papillary duect.

The cell boundaries of Becher's cells are not dis-
cernible. The nucleus of the cell has a central deeply stained
nuciéoiﬁs with many such in the periphery.

The eells of Goormaghtigh are indistinetly demarcated
from one another. The heaps of Goormaghtigh cells are devoid
of blcod capillaries.

The above findings on the kidneys of Indian buffaloes
are thought to be reported for the first time.

(i11)
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IBTRQDUCZTION

* Practise thyself even 1n’th§ thinge which thou
despaireet of accomplishing. For even the left hand, which
iz ineffectual for all other thinge for want of émcuoe,
holde the bridle more vigorously than the right hand, for
it has been practised in this*, Thie admon;tion given by
Marcue Aurelius Antoninus will fﬁdubltnﬁiy vindicate the
resson for Indian buffalo (Bos bubalis) being tipped for
the present investigatlion. Besides this, a few following
facts regarding the paramount importance of buffalo,specis-
1ly in India, will make the reason more elucidative.

The historieal importance of buffalo is evident
with its existence since the Neolithic era even though its
domestication became suceéessful near the Christian times.

2 Viewing the milk production and the value of meat
and hide production in India, one ohgerves that buffaloes
play a great role in Tndian eeonomy. The total milk produe-
tion by sh. buffaloes is 31 ?1 226,647 mide. per annum as
againet only 2,87,43,075 nds. by that of the cows.The value
of buffalo meat production is Ra465 lacs anﬂ that of its hide
ie P2, 669 lace ﬁer annum (S8ingh & Parnerkar ,1966).

- Iaetly but not the least, the use of Tndian buffaloes
&8 labbratorw animale in most of the VQterinarw colleges and
ruaenrch.;nstitutlon& in Indis, undoubtedly aytbolises the gro-
' wing importance of this npeoias.



Coming to the tople of selection of the kidney asg an
organ of study portrayed in this thesis, the following pera-
graphe are extended in favour of i%te Justification.

Continuous elimination of the waste products, main-
taining a proper salt balance, repulating the fluid balance
and conservation of fluid and/or dissolved materials necessary
for the maintenance of & proper state of affairs in the blood
gtream are the different important and indispensable funetions
of the kidney which sttract the attantioh of the anatomlsts,
phyelologistes and pathologists alike (Fer and leeson,1961).
Viewing the relation of histology %o other bilological sciences
{physiology,pathology,ete.), the indispensibility of a souvnd
back ground of the histolopy of the kidney as preliminary to
the study of this organ in other subjects in the veterinary
and medical ourricula can hardly be over emphasized.

dave and except the english translation of ?rautﬁann
and Pieblger's derman text-book,"Fundamentals of the Histology
of the Nomestlc Animals(1957) and *"Comparative Histology of
the ¥idney of the Nomestlc Animals” (Yadava's thesie, 1955},
there is scanty information reparding the histology of the kidney
of domestic animals.

¥llenberger's text-book, "Mand-buch der vergzleichende
Mikroskopischen Anatomie der Mustiere®, though contain a chapter
on the kidney of domestic animals (Tereg,1911), but this book is
deprived of many things, as so many structurss have been digoo-
vered since then by different scientists in the kidney of man

and animals.
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The comprehensive studies on the mieroscopio
structure of the bovine tidnci by langham and Hallman (1938)
and langham gt sl.(1942) 414 not embrace the maculadensa,the
Juxtaglomerular apparatus and Becher's cells of the kidney.

Valuable deseriptions extended by Bloom (1954) in
his book, "Pathology of the dog and ecat®, is confined to the
structures of the kidney of dog and eat.

The studies on the kidney during pregnanecy in the
cow by Pellegrini and Pellegrini (1560) are much more of
pathological than of anatomicasl importance.

Summing up the works of different gclentiete enlisted
above, one observes that the stﬁ&r on the mieroscopic estruct-
ures of the buffalo kidney remained abesolutely untouched £ill
now. tnder the cilrecumatznces, it is imperative to visualise
the mieroscopic structures of the kidney of buffalo, for which
this investigation was undertaken,

The presgent ressarch embraces the realm of both miero-
scoplec and gross structures of the kidney of Indian buffalo.
The microscopic structures have been depieted in detail, whereasg
only a brief account of its gross structures hag been msde.

¥icroscopic studles were made under light microscope
and as such ultramicroscopic structures can not be expected in
this work. Moreover, the fleld of light microscopy is also left
open for further investigation to be carried on esspeclally for
the reversal of Colgl material in the maculadenea, the granules
of the Juxtaglomerular cells, the nerve terminatione and the

pattern of bleod and lymph vessels in detail.



Inspite of the above omissionsg, this investigation
will ecertainly contribute towards an up-to-date gtudy of the
anatomy of the kidney of Indlan buffalo with apeclal reference
to its mieroscopic struectures.

Over and above, the present work carried on the kidney
of Tndian buffalo in such an entity is thought to be reported
for the firet time,




HISTORICAL BACKGROUND

The urgency of the historical review can be best
elicited by the dicero's dlctum,*Not to know what has been
transacted in former timee 1z %o be always a ehild. If no
use is made of the labours of paect agee, the world must
remain always in the infanocy of knowledge®.

Aristotle (384.322 B.0.), a great thinker amd
philosopher was the first to elucidate the somparative study
on the uro-genital system of mammals. He mentioned the terme
“the nephros*, “the cavity of the nephrog” ,and “duct from
nephros to eystie" for the kidney, its pelvie and the ureter
respectively in his book entitled "Historia Animaliunm”.

It were the early decades of second century A.D.when
Aretacue considered the kidneys to be true glands. M compared
them with testes, probably due to the superficial similarity
‘between the shapes of the two organs. Me 1llustrious deserip-
tion of the kidney hae led many sclentiets of the field to
suspect that Aretaeus was knowing the existence of the papallnry‘
ducts.

An explanatory outline of the urino-genital system wes
sketohed by leonardo Adavinel (1452.1519).

Berenger (1470-1030) injected the renal blood vessels.

Yesalius (1543) in his monograph "on the fabric of the
human body*® dealt with ﬁha male an? female urino-genital system.

"ustachius (1620-1574) eritiocised vesalius for repree
senting dog kidney in place of that of the human. "ortieal




&

substance of the kidneye wap descoribed for the first time by
fustachiua. b

Rulni (1599) extended "Anatomis del Cavallo® in which
he made an illustrious Adeseription of the kidney of horse.

Nue %o elaborate study made on the renal glomerulus
by Rnyseh (1638-1731), the term rglomerulus Rnyschiana® wae
employed for the renal glomerulus in the honour of the scientist,

The celebrated histologist Malpight (1889) dlecovered
that the kidney wae made up of pyramidal masees and as such
thece pyramids are called the "pyramids of ¥alpighi®, With the
help of injected specimens, he noted that the convoluted tubules
started as capsules containings a cluster of small blood vessels
which in turn hang on the little arteries like "apples on a tres®,
Hence these structures are called as "Malpighian corpusclesc,

The oredit for the Aiscovery of the straight collecting
tubulee and the paplllary ducts goes to the renowned anatomist
Bellini (1€62). The papillary ducts are also termed as the *ducts
of Bellini® after him.

rerrein (1693-1769) deseribed the medullary raye and
hence these medullary rays were also once called as "rerrein's
pyramide®, Fe further described the convoluted uriniferous
tubules of the kidney.

Bertini (1772-1846) discovered the remal columns and
as spuch these columns are termed as "columne of RBRertiniv.

Fenle (1841) in hie "Allgemeine Anatomie® desoribed in
detail the loops of uriniferous tubules which are termed as

"loope of Fenle® after him.
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Feidenhain (1834.1897) developed a method of staining
the celle of the kidney by injeeting indigo-caramine into the
blood.

Bowman (1842) was the firet who Arew a piature of the
eingle nephron which is the renal functional unit.

The foregolng statement is based upon the work of
Singer (1828), Castiglioni (1947) and Mettler (1947).

Referring the historical background of the kidneye of
Indian buffalo, 1t is presumed that no scientist has come up
as yet with any remarkable investigation, |




REVIEW OF LTTERATURE

gross Anatomy

Chauveau (1891), presenting a comparative description
of the kidney of ox, stated that each kidney was a multipyra-
midal agglomeration containing fifteen to twenty gecondary
kidneys, ‘ ‘

Chauveau (1891), SBremer (1944), Patten (1983) and Arey
(1964) deseribed many lobee with well defined external lobation
in the kidneys of mammalian foetuses. ‘

Dixon (1931) deseribed superfioial lobation in the
kidney of young child and adult both but the lobes were found
cometimes and lese diestinotly in the latter,

Atraus (1934) referred the kidney of man to be multi-
pyramidal and that of apes unipgraﬁidal.

langham and FMellman (1939) pointed out sixteen to
thirtytwo lobes in each kidney of the ox.

Grahame (1944:) and Smith (1968) studied the kidney of

-

elephant and found 4%t to be multipyramidal with clear superfi-
clal lobation. The latter citing sperber,desoribed that in many
mammals (cow,elephant,hippopotamus, seal, whale ete.), kidney
Uas divided into a number of lobes so nearly independent that
they were virtually eeparate kidneys,

Flias (1944) and siseon & Grogsman (1967) described the
kidney of pig. They observed dlstinct pyramids in the plg kidney
but found quite emooth external surface like that of unipyramidal

kidneys.
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Eliaes (1944 ) made an invaluable contribution towards
the gross structures of mammalian kidneys. M found unilobar
kidneye in horse, sheep and goat as in the case of rodente, W
observed certaln resemblances between the pyramids of the kidney
of german shephered dog and those of the plg. The pyramids were
seen %o be closely united in the great-dane dog. In the case of

eat he found unilobar kidney with a simple pyramid.
' Bradley and grahame (1980) described Aistinet superfi-

eial lobation in the kidney of fowl, the number of lobes varying

from three to four.
Ffeiffer et al.(1960) found a short crest on the lateral

wall of the small,simple pelvis in non-lobed kidney of Aplodontia

/mrﬂ.n

fisson and Oroseman (1962) gave an elaborate desorip-
tion of the kidneys of horee, ox, sheep,pig and dog. According to
them the longlitudinal section of the kidney of horse prezented a
non-papiliated appearance. A concave projeoction called renal
orest locatsd in the inner central part of the medulla presented
many small openinge of the papillary Auete. The name "area
cribrosa® was attributed to this congregation of the small openi-
nge which was aseen projecting into the renal pelvis of horse.
Theee anstomiets stated that dlstinet pyramide with their papillae
projecting into the calyces minores were noticed in the kidney of
ox. Renal ecrest in the kidney of sheep was the resultant of the
fusion of twelve to sixteen pyramide, Tn the pig alao they found
distinet papillae, Further, they observed curved ridges proceeding
dorsally and ventrally from the renal erest in the frontal section

of the kidney of dog.
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Wrobel (1963) desoribed 377 lobes in the kidney of

sea-lion (Zalopme californianue).
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Microscopic Anatomy

Capsule

Chauveau (1891) stated that the capsule of the kidney
of horse was a fibrous membrane, closely attached to the
parenchyma of the organ.

Tereg (1911) desoribsd two easlly separable layers in
the capsule of the mammalian kidney. The outer layer comprised
of bloéd and lymph vegeels and nervee whereas the inner one
wag devoid of blood veesels.

Tereg (1911) and Trautmann and ¥Fiebiger (1967) pointed
out the pregence of smooth muscle fibres in the capsule of the
kidney of ox and sheep. The location of emooth muscle fibres
were said to be in the innermost part of the capsule.

Maximow and‘aloom (1962) and Copenhaver (1984) gave an
account of the capaule of the kidney of man. According %o them
the capsule of human kidney contained collagenous and elastic

fibres.
greep (1954) went to the extent of describing the

presence of a few smooth muscle cells in the delicate tunica-
fibrosa besides, the collagenous and elsetiec fibres in the human
kidney. ¥e indicated the easy removal of the capsule from the
kidney %o be a sign of normal kidney. e further described a
fatty layor, the capsula adiposa ousside‘thn tunlcafibross.
Yadava (1985) diecovered smooth muscle cells in the
ipner layer of the capsule of the kidney or~ox,horuo,pig,nhacp,
goat and dog. Purther, he reported the absence of smooth musecle
cells in the capsule of the cat kidney. |
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Mayner (1958) deseribed the basic pattern of the renal
fascla in the kidney of dog,0at,rhesus-monkey and man. He expl-
ained that the first fasclal membrane (renal fasela) was devoid
of any lateral alar stem of its own. The second fascial membrane
i.e. tunica fibroea, being partially or entirely surrounded by
perinephric fat, closely and completely covered the kidney and
formed an in between septum of the kildney and the adrensl gland.,

Fammersen and sStaubesand (1961) deseridbed s stratum
fibro-vasoulare between the fibrous and adipose capsules of the
kidney of man but a simple fibro-lipo-vascular capsule in the
dog. |

Uriniferous Tubule

greap (1954) presented a systematic elasuitioﬁtlon of
uriniferous tubules into two segments, a seoretory tubule asnd s
eollecting tubule. He maintained the term ‘nephron' whieh was
glven to the secretory or terminal tubule by Sraus as cited by
Copenhaver (1964). According to Greep uriniferous tubule,
secretory tubule and collecting tubule of human kidney,measured
50-60 mm.,30-40 mm. and 20-22 mm. in length respectively.

Nephron
Ruber (1932) studled the nephron of rabbit kidney and

termed 1t,"the renal tubuler, which compriced of the renal A
corpuscle, the proximal convoluted portion with the medullary
loop, the dlstal oconvoluted portion and the junctional tubule.

Smith (1958) divided the tubular portion of the dog and
ecat nephron on the basis of both oytological structures and
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function into three segments.

(1) Proximal tubule (rarg convoluta and rars recta)
(2) Thin segment

(3) nietal tubule (rars recta and Pars convoluta).

Desmet (1980) distinguished the following segments
in the Polypherus nephron, viz: Malpighian corpuscle, & neck-
segment, a proximal convoluted segment (with four more or less
different portions), & elliated intermediate gegment, an initial
collecting segment and a general collecting segment.

Desmet et al. (1963} desoribed the highly differentiated
nephron of Amla calva which was comprised of Malpighisn corpusele,
two parts in the proximal segment, the intermediate segment and
eix parts in the distal segment.,

The renal corpuscle. Huber (1932,1935) found spherical
shape of the mammalian renal corpuscle with & dismeter varying
between 100 /¥ to 200 /%,

langham and Hallman (1939) measured the diameter of
bovine (adult) renal corpuseles, He found that each renal corpus-
ele had a dlameter of 216 /® in fixed stainea preparation.

agreep (1954) and Copenhaver (1964) mentioned tha%t renal
corpuscle of human kidney had the diameter of 200 /Y.

Yadava (1958) dlscovered that the cortieal renal corpu-
sclee were larger than those of the juxtamedullary zone in ox,
sheep and goat.

Yokoi (1959) observed that the renal corpuscles of mice,
guineapigs and rabblits were larger in the internal part of the
cortex than those of the external part.
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The glomerulus.- Yadava (1955) found that the cortieal
glomerull were larger than the juxtamedullary in ox but the
reverse was true in case of horee, pig and cat. Mowever, in the
sheep and goat kidneys, the cortical glomerull were equal or
elightly larger than those of the juxtamedullary zone.

Ellas (1957) called the renal glomerulus,“lamins
vasculosa glomeruli® due tp its appearance 1like a branched flat
sheet. ™ applied the term *fndenoyma” to the mase of celle,
poesibly syneytlal, belonging to the endotheliasl system which
i1e contained in it. Fe advocated that the blood channels course
in the endenchymal mass of the glomerulus of the mamaa;lan kidney.

Tolezel (1962) observed marked indivisuasl 4iffersences
between the glomerull of different reglons and in the gsame
region in the kidney of rat.

Abrams et al. (1963) deseribed that essentially a trun-
eated prolate spheroid glomerulus bore a selective spatial orien-
tation with respect to the afferent arteriole in human kidney.

Hoffat and Fourman (1964) found ectopic glomerull 19 ths
renal pelvis of rat, oxt, dog, rabbit and ferret and in the human
: full term foetus. The glomeruli were found to be embedded in the
connective tissue around the mein intrs renal vessels and deep %o
the pelvic mucosa and thus they d4id not fora a psrt of the renal
parenchyms.

¥unkacel and Palkovite (19656) 414 not fin? any exact
relationshlp between the glomerular volumes, kidneys weight and
body weight in different mammals when compared to sach other.
They noted that the desert living snimals had a much bigger
difference in volume between the cortical and the juxtamedullary
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glomeruli than those animals of water rich environment, The
large size of the jJjuxtamedullary glomerull and deep nephrons
in relation to dehydration was considered as an adaptation to
1ife in an arid environment.

Afferent arteriole. Bensley (1929), 3chloss (1946)
and Dorello (1948) noticed dilatation in the afferent arteriole
of the gulneaply, human and piz kidneys reapectively after ite
entrance into the renal corpuscle. Schlosg termed such expan-
slon as "Becher's glomerular sinus".

Codden (1949) however, di1d not observe any euch dils-
tation but he saw a ramification of the afferent arteriole in
the human kidney Jjust after its entrance into the renal corpusecle.

The glémrulgr capillary tuft: WwWilmer (1941) observed

in humsn kidney that there were no shunts within the glomerulus,
and the cspillgrlen 414 not snastomose with each other,but
coalesce into an efferent arteriole which in turn bresks up

again into a.second caplllary system l.e. peritubular capillaries.

Mall (1965) deseribed direct echannels between the
afferent and efferent sides of the glomerulus, besides the usual
tuft of caplllaries in the glomerull of rat,cut,dog,rabbit and
man kidneys. ‘

Boyer (1956) held that the capillary network of the
glomerulue of animels and human kidneys wae comparsble to all
other capillary bedes in the body but for ite adaptation to the
spatlal arrangement of 1fs unicue location. Fe further condemned
the classical concept of capillary loops without anastomoees
between loops or between limbs of the same loop.
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Smith (1958) desoribed that the capillary tuft in the
human kidney was formed by abrupt division of the afferent
arteriole into 2 or 4, rarely upto 10, primary branches which
had ae many as 50 capillary loops.

Bonhomme ot al.(19680) observed two types of ocapillaries
in the glomerulns of dog,ecat, and gulneapig kidneys, the ramifi-
eation of the afferent arteriole at the periphery of the glomeru-
lue and 2 capillary net at the centre of the glomerulus,

: Tardini (1961) confirmed the existence of a vaet anse-
tomotic network which originated from the 4 or 5 branches of
afferent artery.

Kinoshita and Fujisaki (1963) described that the human
and other mammallan glomerulsr capillary loops were composed of
epithelium, a basement membrane, endothelium and megengial celle.
They 414 not observe any basic difference between human subjects

and other mammalian species.

The efferent arteriole. Bensley (1929) described that

the efferent arteriole of guilneapig varies in etructure from an
endothelial vessel to a typical arteriole, invested by smooth
mecle cells. Fe found much longer efferent vessels in the Juxta-
medullary region which entered into the formation of the asrterio-
lae rectae of the medulla.

gechloes (1946) found a dilatation in the efferent
arteriole of human kidney just at the point of ite emérgence
from the glomerulus.

Idwards (1953) discovered that only 20 to 25¢ of the
efferent arterioles of the Juxtamedullary region in the human
kidney were short, thin walled and gave rise to & network of

£
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eapillaries. The rest efferent arterioles were long which were
found to descend into the mefulla. Fdwarde (1958) further
demonstrated that the volume of muscle in the walls of the
medullary arterioles was greater than that in those of the
cortex.

Adebahr (1963) obeerved that epetheloid and muscle
cells form a small funnel at the commencement of the efferent
arteriole in the rat kidney and s similar structure at the
dividing point of the efferent arteriole in the rabbit.

The intereapillary or sxial spase. Bensley and
Beneley (1930) obgerved a small amount of connective tizgue in

the axlal space of human and marmalisn glomerulus,

KoManus et al. (1951) found carbohydrate material in
the intercaplillary space of the human glomerulus.

Jones (1953) notieced connsctive tissue cells in the
human glomerulus with thelr number increasing with the age,
approximating the number of endothelial and epithelisl cells
at the age of thirty.

Yadava (1955) found fibroblasts and histioeytes in the
axial space and collagenous and retieunlar fibres surrounding
the eaplillary tuft in the glomerulus of domeetic animals ( ox,
horse, sheep, goat, pig, dog and ecat).

Dunihue (1957) mentioned that most elsotron microsco-
pists either denied or lgnorsd the existence of mesangial or
intercapillary cells and maintained that the only cellular ele-
ments in the glomerulus, other than blood cells, were endothe-
lium and epithelium. Fe noted fuchsinophilic granular cells in
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the glomerulus of rat, cat, duck and rabbit, whose size and
number were seen to inorease in response to a mineralocorticoid
deficieney llke the granular juxtaglomerular cells.

Smith (1968) described the axial epace of the human
glomerulus and stated that there was infrequent presence of a
third type of cell (neither endothelial nor epithelial), possibly
a connective tissue cell, already desoribed by Zimmermann as the
mesangium. '

Iatta ot al.(1960) studied the intercapillary cells
within the centrolobular regione of rat kidney glomerull, which
had many branched processes in contrast to endothelial ecells.
They further observed an amorphous inter-cellular substance
filling much but not all of the centrolobular space between the
intercapillary celle and their processes,

Tardini (1961) believed that the formerly so called
mesangium, was represented by endothelial celle which were pro-
bably not exposed to the blood gtreanm.

latta and Cook (1961) with the ald of eleatron micros-
cope demonstrated collagen fibres adjacent to the intercapillary
eells in centrolobular regione on the caplillary side of the
glomerular basement membrane in the normal rat kidney. They
coneldered the precence of collagen, next to normal intereapl-
llary cells as an additlonal evidence to regard them as speclal
cell type and not juut as endothelial cells.

fuhn et al.(1962) stressed on the intercapiliary loca-
tion of mesanglsl cells which were always sepsrated by endothe-
lial cells from capillary lumina in the glomernlus of dog and
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Farquhar & Palade (1962) were of the opinion that
there was a Aistinetive *Third* gell in the rat glomerulus.

Jones g% al. (1962) suggested that in rat kidney,
the eponge fibres which were arborigations from the glomerular
hilus, with their enmeshed etalk cells (Third cell type)
aotually form the structure, upon which the eapillaries were
hung as they wound their way into and out of the glomerular
space. They emphasised that the Zimmermann's "Meganglum® was
actually constituted by the stalk cslle and sponge fibres.

Takakl et al. (1962a) viewing the structure of the
mouse glomerulus coneluded that mesangium ®as a part of the
uall of the blood vessel, retaining the multipotenecy of
differentiation. '

Foster & Riad (1963) demonstrated three types of eells
in the rabbit glomerull.

{1) Cells - epithelisl in nature.

{(2) celle - P.A.S. positive,

{3) cells - containing acid phoephatane.

Dunihue & Boldoseer (1963) with the aid of light and
eieetran microscopy, supported the hypothesis that some mes-
anglal eslls were similar to the cells of the juxtaglomerular
apparatus in the cat kidney.

_ Yasuta et al. (1963) argued that the ralatiiely thick
ecapillary wall of the toad glomeruli in comparision to that
of mammals, wae due %o the presence of mesangial layer betwsen
the epithelium and endothelium.

linss & cayer (1964) with the ald of elesctron micros-
cope showed the presence of intercapillsary cells not only in
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the hilar reglon but also in the peripheral parts of the
capillary loops of the glomerulus of Rana esculenta.

The thres primary membranes of the glomerulusg.
Mogregor (1929) and Bensley & Bensley (1330) deseribed the

three primary membranes of the glomernlus - capillary
endothelium, bagement membrane and capsular epithelium,which
were usually considered continuous. However, they contended

that the viscerzl epithelium was dlscontinuous and the indivi-
dual cells were highly irregular in shape and exhibited delibate
discrete processes, which invested the glomerular capillaries
in the manner of the pericytes applied to the caplllaries elsc-
where in the body of human beinge and small mammals./

Pease & Baker (1950) observed a continuoue epithelium,
a discontinuous endothelium and & basement meambrane covered
externally by & system of interdigitating ridges.

Oberling et al.(1961) and Dalton (1951), in mouse,saw
the glomerular epithelium carrying many branched villi-like
processes,

M1l et al. (1963a) found a highly porous but continu-
oug endothelium, a finely porous basement membrane, and an
epithelium with cells having interdigitating processes. '

Simer st al.(1953) noted incomplete visceral epithelial
and endothelial layers in mice, although every capillary had a
fibrillar basement membrane.

Peage (1955a) with the help of electron mioroscope
found that in rat kidney, the epithelizl cells had long primary
and secondary branches. The bagemsnt membrane wapg geen to be

continuous and made up of three layers, the middle layer being
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of high electron density. The endothelial oytoplasm wae found
extremely attenuated in most parts of the capillaries.

Yadava (1955) obgserved the three primary membranes
of the glomerulue in domeetic animals, viz: visueral layer of
Bowman's eapsule, basement membrane and endothelium.

Tatta et al.(1960) observed that the central dense
layer of the basement membrane followed the epithelium over
the centrolobulsr reglon without splitting and entering it or
sending & layer beneath the central portion of endothelial
cells in the rat kidney.

rurtz (1961) noted that the lamina densa wes =2 serma-
nent and of Aefinite texture, with absolutely no replacement
ogcurring normally. |

¥1111s et al.(1964) observed glomerular epithelial
cells in human kidney containing nuclel and free cytoplasmic
procecses which formed direct or indirect annular branches on
the outer caplllary walls,

Osawa et al.(1966) revealed that the width of the
basement membrane wae not related to age and sex. They ealou-
lated the mean width of the basement membrane, which Was 33465.

Bowman's eapsule. Crabtree (1941) described that both
the layers and partieularly the parietal layer of Bowman's

capsule of mouse kidney comprised cuboidal cells eimilar in
structure to those of the proximal tubule.

0Oleynik (1952) advocated the term,fhymlansky's capsule®
for Bowman's oapsule, because he believed that this structure
was studled by shymlansky sixty years before Sowman.
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Pease (1955b) with the ald of electron microscape,
demonstrated cytoplasmic processes in the parietal cells of
Bowman's capsule.

: fadave (1955) observed flattened squamous cells in
both the layers of Bowman's capsule in the kidney of ox, horge,
eheep, goat, dog, cat and pig.

Suzukl et al. (1962) noted that the basement membrane
of Bowman's capsule was lamellar and fibrous in rat kidney.

Takakl et al. (1962b) studied the glomerulus of the
mouge kidney with the ald of elsctron microscops. They saw one
or two cuboidal or flat cells ulth.root processes in between
epithelial cells of the glomerular caplllary and thosze of Sowman'e
eapsule. Further, they also noticed one or two intermediante cells
between the epithelium of the proximal tubule and that of Powman's
capsule. These cells also showed transitional characters i1.e.

basal intugsusceptions, brush border and cell orgenelles.

The Jjuxtaplomerulsr apparztus or polkissen. Goormaghtigh
(1940,1945a,1945b,1947), Kaufmann (1942), graef (1943) ,0berling
(1944) and graef and rProskauer (1945) believed that in man amd
dog atleast, the "polkissen” was only a modification of medial
cells asgociated with pandom, poorly differentlated smooth mueole
cells; even though the term "juxtaglomerular apparstus*, was
employed by toormaghtigh to the modified arteriolar wall and ite
agssoclated extravascular cells.

WoManus (1942) preferably used the term *juxtaglomerular
complex® to include the Juxtaglomerular apparatus and the mscula

densa.
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fSchloss (1946) observed smooth muscle cells with
myofibrils, besidee the ususl epitheloid cells in the area of
the polkissen.

MoManue (1947b), Prez (1948), Nalton(1951), Wilson
(1952) and Chandrs & Skelton (1954) demonstrated graniles in
the juxtaglomerular cells.

coormaghtigh (1951) pointed out that the granules
were absent in the Juxtaglomerular cells of the human and dog
kidneys.

Gomori & Oltvany! (1561) and Barajas (1964) etudied
the 1hnervation of the Juxtaglomerular apparatus. The Tirst
two workers observed a nerve plexus among the Juxtaglomerulsr
cells. The latter found numerous non-myelinated nerve fibres
associated with the afferent and efferent glomernlar arterioles
in the monkey and fewer assoclated with the jJuxtaglomerulsr
apparatus of the rat.

Maximow & Bloom (1952) observed that the Juxtaglome-
rular cells were abeent in lower vertebrates and in children
below the apge of two years.

Oberling & Matt (1960) and Iatta et al. (1962)desorided
that the Jjuxtaglomerular gspparatus wase made up of three elements.

{1) The epitheloid celle - located in the media of the
afferent arteriole, different from the smooth musele cells and
showing the appoaraﬁce of glandular cells.

{(?) The macula densa.

(3} The net work of ground substance - consisting of
eelle of only slightly functional aspect with numerous projec-

tione,constituting the mesangium of the glomerulus.
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Bucher & Reale (1061) noticed the myofibrile besides
the granules in the juxtaglomerular apparatus.

Ito et al.(1962) studied the Juxtaglomerular apparatus
of the bat kidney. cramular epitheloid cells of the tunieca
media, macula densa and Goormaghtigh cell group as & whole uwere
called the Juxtaglomerulsr apparatus by them,

Baralas & Iatta (1923) with the aid of eleatron miero-
scope obgerved that in rat, even the brief contact of the tubule
before becoming distally convaluted with the afferent arteriole
was not too intimate,as one or more juxtaglomerular cells might
be interposed between the basement membrane of the tubule and
the media of the arteriole.

Friedberg (1964) showed that in mouse kidney, there
wag an inverse relationship between urinary concentrating
ability of the nephron, as reflected by the length of tenle's
loop and the degree of the granulaticn of the nephron; the
short looped nephrons were assoeiated with more heavy pgranula-
tion of the Juxtaglomerular eells. e found greateest proportion
of granule bearing glomerulil in the outer zone of the cortex.

The function of the jJuxtaglomerular apparatus.
goormaghtigh (1939,1940,1948a,1945b, 1947,1949,19561) attributed
endocrine function to the afibrillar cells of the juxtaglomerular

apparatus. It was suggested that the endoorine function was to
regulate the tonus of the renal arterioles in the normal condition
and to produce the hypertensive substance in the irschaemiec kidney.
Mie view, that the juxteglomerunlar apparatus had an endoerine
function was supported by Xaufmann (1942), Dunihue (1547,1949),
and fartroft & Mertroft (1962):
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oberling (1944), Fox & Jones (19485), schloes (1946,1948)
and Prez (1948) were unable to find any evidence in favour of
Goormaghtights hypothesis.

graef & Proskaner (1945), Becher (1949,1950) and Pres
{1948) belleved that the juxtaglomerular cells might play a
role in the regulation of the rensl eiroulation.

Martroft & Martroft (1953) reported that the juxta-
glomerular cells were involved in the hormonal regulation of
sodium metaboliem and blood pressure.

Demopoulos 8t al. (1580) indlcated that the Jjuxtaglo-
merular cells in the wall of the afferent arteriole were the
cellular qita of origin of renin in the rat and rabbit kidneys.

ook & Plekering (1961) extended their viewe that the
Juxtaglomerular cells sesemed to be the moet likely site of
renin storage, but the other cell groupe in that region could
not be excluded.

kohlhardt & Voth (1963) showed that a fall of aldoe-
teronevproduption led to a helghtened activity of the epitheloid

cells of the juxtaglomerular apparztus, with inereased renin

production.

The proximal tubule, Muber (1932,1935) found s relati-

vely low epithelium with a wide lumen, or a high epithelium with
a relatively narrow lumen in the ﬁroximal convoluted tubule of
the rabblit kidney.

arafflin (1942) observed a deposition of yellow to
golden-brown iron-contalning pigment in the cells of the proximal
tubule in rat.
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Mayer & Ottolenghl (1847) observed irregular protru-
sion of proximsl tubule into Bowman's eapsule of the renal
corpuscle of dog and cat.

Farman & Fogan (1949), and Sulkin (1949) noted more
than one nucleus in the epithelial cell of the proximal tubule
of human and rat reapectively.

Caulfield & Trump (1962) observed two types of epithe-
1ial celle in the proximal tubule of the rat kidney, viz: (i)
cells with homogenous oytoplaem and (11) oe2lls with relatively
clear cytoplsem.

Iongley & Burstone (1963) desoribed and identified
the frequently ejected nuclel into the tubular lumen from the
disrupted epithelium of the proximal convoluted tubule in the
rat kidney and considered them to be agonal artifacts.

Mukheril & sen (1864) observed a congiderable amount
of argentaffin granules in the proximal tubules of the toad
kidney.

Bulger (19885a) found an interdigitation of processes
confined to the apiceal region, and an interdigitation of more
extengive processes that extended to the full height of the
eell of the proximal tubule in the rat kidney. These two were
the further gpecialisations, besides the well known lateral
processes seéen in the basal region of many tubular cells.

Ericesen ef al.(1965) indicated that protrusions of
variable sizes towards the lumen of the proximal tubules cont-
aining cellular debrie and as well as the usually encountered
enlarged intercellular spaces in the proximal tubular celles of
the human kidney were probably the preparation artifacts.
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The brush border. ajostrand & Rhodin (1953) found

the brush border of the mouse proximal tubule to be msde up
of densgely arranged cylindrieal ducts closed towards the
lumen of the tubule.

Fall et al. {1953b) observed that the brush border of
rat'es proximal tubule consisted of tubular fibres having
geparate origin from the cell surface.

Yadava (1986) found that the brush border in the
proximal tubule of pig was in clustere.

Havarro et al.(1963) noted brush border in the super-
fieial cells of the renal tubule. The brush border consisted
of micro-hairs, one mieron in length and a Alameter of SO0,
among which there were small invaginations and adjacent to them
pinocytotie vesicles.|

Fat oontent of the proximal tubule. Hodell (1933) &
FYoote (1938) found fat in the proximal tubule of the eat.

Foote & Grafflin (1953,19;2) obgerve? fat in the proximal
tubule of both, ﬁog and cat.

Dallemagne et al.(1960), gilver (19561), and Platt (1957)
noticed fat in the proximal tubule of the dog.

Yadava {1955) observed fat globules in the cells of the
proximal tubule of the dog and ost.

Thoenes (1962) studied the fine atructure of the 1ipid
granules in the cells of the proximal tubule in the mouse kidney.
e~ eubdivided the 1lipid granules into two types.

(1) "ordered pattern” . having only lipid.

{(2) "nisordered pattern“ - having lipoprotein. ,
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The loop of MHenle. Maber (1932,1935) found that the
lining cells of the thin segment of Fenle's loop were of squs-
mous type with relatively large nuclei.

Smith (1968) reported tize pregsence of the thin segment
only in mammals and in a small percentage in birds.

Bulger (1965a) noted indistinct morphological differen-
ces between the cells of the ascending and descending limbs of
the loop of Fenle in rat kidney.

The disteal tubule. HRuber f1932,1955) obgerved that

the distal tubule of rabbit kidney wae lined by a lovw columnar
or cuboldal epithelium, presenting a clear supranuclear zone of
eytoplasm. The basal striations were present but brush border
was absent.

Peame (1956b) with the ald of electron micrescope,
noticed in rat kidney that the apical ends of the eells of tlp
distal tubule had socattered short cytoplasmic processes,
gymbolio of rdimentary brush border.

fmith (1958) deseribing the distal tubule of human
kidney, stated that all portions of thes distal segment were
devoid of brush border but the tubules showed distinct basal
gstriations. /

The maculs densa. Zimmermann (1933) noted in the
mammalian kidney, the corowding of nuclel in the region of
tangential contact of distal tubule over the afrerent arteriole,
rence he oalled the area of ocontact, "the maculs densa".

Tdwards (1940) preferred the term “epithelial placue®
instead of macula densa. '™ observed variably elliptical epithe-
1ial plague in mammals, birds, and frogs.
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MoManue (1943) and Okkele (1950) found revereal of
folgl material in the macula densa of mammale. The loeation
of dolgl element in the macula densa wasz seen towards the
basal side of the nucleus but towards the luminal side of the
- nucleus in the rest of the distal tubule.

¥eMamus (1947a) observed that the bacement membrane
vas sbeent in the macula densa of vertebrate kidney.

Yedava (1986) discovered that the macula densa in horse
kidney was stratified. The cytoplaem of the cells of the maoula
densa was found non-granulsr in horse but grannlsr in ox,plg,
sheep,goat, dog and cat.

Bucher (1960) studied the mecula densa of rats, mice
and humsn, and concluded that differences in techniques might
be responsible for niny of the atructural differences observed.

De la Pena and De Oastro (1960) found no exact repre-
sentation of the maculs densa of animals, in the normal human
kidney.

Friedberg (1564) found that the dlstribution of the
macula densa wes ecusl in all zones of the cortex of the mouse
kidney.

| Fasrup (1968) demonstrated highest number of celle in
the macula densa of the subecapsular region in rat kidney.

The function of the macula densa. oOliver (1944.45)
stated that the modification of eell arrangement and structure
in the macula densa had no funotional signifieance and repra-
gsented only a reaction to mechanieal strain where the tubule
acnuired fibrous attachment to the glomerulins.
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fSehloes (1946) considered the maoculs densa as a
sénsory area, probably a chemo-receptor, influencing the
contraetion of the vessels.

Becher (1949,1950) thought that the flow of blood
through the Malpighian bodles of the kidney was regulated by
the macula densa.

okkels (1960) attributed an snglotrophic role to the
macula denea.

Oberling & Hatt (1960) believed that small samples
of urine were Stsken from the macula densa and transgferred by
the ground.substance retieulum to the afferent arteriole and
into the mesanglum of the rat glomerulus. Thus the auto-
regulatory function of the Juxtaglomerular apparatus of which
macula densa was the second element ,was evidenced by then.

Friedberg (1964) stated that the equal Aistribution
of the macula densa in all zones of the cortex of the monse

kidney 4314 not correlate with that of pressure subgtance.

Collecting tubuls
Almost all writers conceded that the colleéting tubule

comprised of an initial or arched collecting tubule, the
etralght collecting tubule and the duct of Bellini or papillary
duct.

However, Young and Wigeing (1964) subdivided the
collecting tubule inte Tour sgegments, based on the types of
epithelial cells that form 1%e lining in rat kidney. The sub-

divieions were as followe.
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{a) Tnitial cegment

(b) Second segment

(e) Third segment

(d) Terminal segment.

They further, observed two types of celle in %the
epithelium of collecting tubule i.e. type I and type TT. The
Tirst type of cells were termed as *light” celle becaunse of
their hoaogomi cyﬁnplau with few gramles, vaou_olea and
mitochondria. The second type of cells were called sas "dark"
celle or "intercalated® celle due to the presence of abundant
eytoplasmie granules. The "light® cells were numerically pre-
ponderant and were ordinary lining eelle i.2. broad ecells of
cuboidal height. The "dark* cells were less numerous and
broader and taller than type I.

Bulger (1965b) observed that the lining cellis of the
collecting duct of the aglomerular nephron of toad-fish were
higher and narrower than the renal tubularx cells. The nuelei
of the lining cells of the enlleeting duet were found to be
irragular in chape and basal in looation. ' further demons-
trated variable amount of collagen and circumferentially orien-
ted smooth muscle cells surrsunding the collecting duots.

The arched collecting tubule. Haber (1032,1935)

observed in rabbit kidney that the primary collecting ducts of
the cortex were united in the periphery of the cortex to form
collecting tubules which passed through the sortex without
receiving any further branches. But in the human kidney it was
found that a few primary collecting tubules united in the
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periphery of the cortex and the collecting duots thus formed
recelved further branches while traversing the cortex. The
lining cells of the collecting tubules were columnar in type,
with clear protoplasm and large spherical or ovold nuclei.

greep (1954) atated that the lining celle of the
initlal collecting tubules of the human kidney were cuboidal
in type. '

Yadava (1955) noted ouboidal epithelial cells in the
arched colleeting tubules of the kidney of domestie animalp.

Trautsann & Flebigser (1957) described the lining cells
of the connecting tubule in the domestic animale, which were
polygonal, light-coloured and of lesser height than that of
the collseting tubnles.

- Maber (19569) noted peculiar phenomenon i.2.pleomor-
phism of the nuelel and certailn polymorphism of the cells at
the junction of the renal tube-apparatus in the kidney of
rabblt. He suggested that that region might be the merping
place of metanephrogeniec elements and materials from the ure-
teric bud of the foetus.

The straight colleeting ftubule. dareep (1964)
described that the etralight collecting tubules in human kidney
vere the major substance of the pyramid. These tubules were

loocated in the medullary rays. The fusion of straight collset-
ing tubules in succession, finally entered into the formation

of sixteen to twenty large papillary duets. The lining epithe-
13al cells were cuboldal in the proximal portion, but gradually
they inoressed in height an» the dlameter of the tubule went on

ineressing.
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Trautmann & Fiebiger (1957) stated that in the smaller
eolleeting tubules, numerous fat Aroplets, especially in large
animals were present. The epithelial lining of the smaller
colleoting tubule was of irregularly cuboidal cell with a central
nucleus and clear oytoplasm. The height of the epithelial cells
of the larger tubules grew highsr until in the papillary duets.
The epithelial lining of the large collecting tubules was made
up of hexagonal columnar ocells with usually eccentrically loecated
nuclel.

The pepillary duct. Iangham et al.(1942) reported that
the epitheliun of the paplliary duct of the bovine kidney retain-
24 all the other featuree of thet of the smaller collecting
tubule, barring the height of the oells which was suffielent %o
g’r&:p them under columnar type.

furan~-Jorda (1953) was doubtful about the exigtence
of the openinge of the paplllary ducts, especially in the eat.
Tnetesd of direct exoretion into the renal pelvis by the duots
of Bellini, the urine waes thought to be dialyeed through the

papillary epithelium.
vadava (1955) observed that the transitional epithelium

of the papillary duct in bovine kidney waes a normal feature and
not a pathologiosl one, ae stated by langham and Fallman (1939).
e demonstrazted the extension of transitional epithelium to a
varying extent into the paplillary ducts in all animals except
the dog. Further, he removed the doubt of Duran-Jjorda (1953) by
ghowinz the openings of the papillary duots in the cat kidney.
pe noted that the papillary ducts opened directly onto the

papilla of all animals.
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Trautmann & Flebiger (1957) desoribed that the
epithelium of the papilllary duct in animals Wae comprised of
two layers i.e. basal and luminal eelle of cuboldal and
columnar types respectively. A change from two layered-epi-
thelium to a transitional type was usually noticed towards
the opening of the papiliary Auct.

Sagement membrane of the uriniferous tubule

Bensley & Beneley (1930) found a thin, structure-
less basement membrane interposed between the epithelium of
the tubules and the reticular framevork.

Pesse and Baker (1950) and rPease (1955b) obmerved
that the structure of the basement membrane was entirely
homogenous throughout the whole length of the uriniferous
tubules. Connective tissue cells were obscrved so few and
apart from each other that they presumed that the basement
membrans might be malntained by the averlying epithelia
rather than by fibroblasts.

raarup & Chrigtensen (1985) observed three different
layers in the basement membrane of the medullary capillary,
viz: external, middle and internal. They stated that the basge-
ment membrane of the medullary tubules, in the mouse kidney,
difrered from that of the capillaries. The middle or Aense

layer when precent, was Without sgpeclaliesed sub-structures.

Fapilla
1angham et al.(1942) noticed transitional epithelium
covering the surface of the papilla In the bovine kidney.
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Maximow & Bloom (1962) deseribed that in the human
kidney, the simple columnar epithelium of the ducts of Bellint
continued onto the surface of the papilla.

Yadava (1955) found that in the kidnsy of ox ,horse,
dog, sheep,goat,pig and cat, the papillary transitional eple
thelium wae of almost uniform helght over the entire surface
of the papilla except on the sides near the angle of reflec-
tion, where the transitional epithelium wes very low.

Trautmann & Fieblger (1957) described that with the
exeeption of the pig and the goat, the $transitional epithelium
wae replaced by two-layered ocuboidal to columnar epithelium on
the renal papilla.

Abrahame (1964) studied the ultra structurseg of the
interstitial tissue of the renal papilla of the rat. He found
that the renal papilla wse the gite of interstitial cells whieh
had fat droplete in the oytoplasm. These cells appeared to
them, mesenchymal in type. The interstitial tissue of the
papillae slso contained numerous 1ipid droplets.

Young & Wissing (1964) demonstrated the following
diverse appearances of some capillaries at the tip of the

papillae in the rat kidney.
grythrocytes - orenated; Plasma - not visible.

o
-8

B: Trythroeytes - orenated; Plasma -~ appreciably visible.
¢: Frythroeytes - almost invisible; Plasma - simost

completely obscuring the erythrocytes.
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Interstitial gspace

¥irkman (1943) observed fibroblasts and macrophages
in the interstitial epace of the rat Xkidney.

Yadava (1955) noted the presence of mast celle
besldes fibroblasts and histioeytes in the interstitial space
of the kidney of domestic animals. However, he noticed that
the mast celle were present in the kidneye of ox,horse,pig,
sheep and goat but absent in dog and eat. He obgerved that the
interstitlal space was chiefly occupled by reticular Tlbres,
even though collagenous fibres were found surrounding the large
bloodl vessels and uriniferous tubules,

Takeuchi et al.(1958) found that a relatively well
vasculated interstitium surrounded the groups of urinary tubules
between the outer medulla and the papilla. He noticed lymph
gspaces in the apex of the papilla.

Montfort & Perez-Tamayo (1962) carried out an experi-
ment over the ratio of parenchyma and collagen in normal and
hypertrophiec rat kidney and he found that the ratio wae the
same in both the conditione.

Intertubular cell group or Becher's cells
Sehloss (194€) obgerved the intertubular group of

eells in the human kidney. He attributed endoerine funotion fo
thege cells.

reumann (1949) found that the intertubular cell groups
were absent in proximity of the glomerull of the human kidney.

A
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Secher (1940,1957) observed that these cell-isletes
were located in the close pwo:ility of the afferent arteriole
and other cortical vessels in human kidney. He termed these
céll-lsletes as "paraportal cell-isletes*. Me stated that these
caila were probably responsible for the regulation of the blood
flow through the Malpighian corpusecles of the kidney,

Tadava (1958) demonatrated Becher's celles in all animsls
of his investigation save the eat.

Bucher & Reale (1951) advocated for further study of
Becher's cells, because these cells were not definitely obser-

ved even in ultra thin sections.

Cell unit of coormeghtigh or eocleplasmodium
Faufmann (1942), schloss (1946), weumann (1949) and

Becher (1949,1950) observed a cluater of small cells (cells of
Goormaghtigh) in the angle between afferent and efferent arte-
riolss of the glomerulus in human kidney. '

Becher (1950) considered this eluster of emall cells
to be an arsa of nerve receptors.

Yadava (1955) observed the cell unit of coormaghtigh
in the kidneys of all the species of his experiment i.e. ox,
horse, dog, sheep, goat, plg end oat.

Fam (1961) described that these small celle with
pale nuclel were eituated between the macula densa and the
glomerulus proper, in the concavity between the afferent and
efferent arterioles in human kidney, He stated that thelr nature,

function, or nomenclature were obescure,
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Bucher & Reale (1962) with the ald of eleotron micro-
egope, found that the cells of Goormaghtigh were embedded in
& framework of irregularly running basement membraneg in the
mouse kidney, They msintained that coormaghtigh ecells were in
close topographical and most probably funetional relationship
with the juxtaglomerular cells and the macula ©8lls, although
separated from them by an uninterrupted basement membrane,
They observed that there were no blood caplllaries within the
heape of coormaghtigh cells. The nuclei were seen some what
flattened ellipsoide with nucleoli occasionally visible. The
cytoplasm was found very poor in the cell unit of Goormaghtigh.

Ito et al.(1962) found that the Goormaghtigh cell
group wae present between the macula densas and the vaseular
pole of the renal corpuscle in the bat kidney. Tt was loeated
in the tunica propria of the epithelium of the intercalated
tubule in contrast to the macula densa, being contalned in the
connective tissue econtinuous with the axial econneetive tissue
of the glomerulus and with the tunica externa of the afferent
duet.

Fasrup (19685) made an investigation on the Goormaghtigh
cells in the rat kidney. He obmserved that cell group of
doormaghtigh was largest in the juxtamedullary regilon, Tnli Was
in contrast to the highest number of mscula eells found in the
sub-capsular region.

Blood Vessels
VacCallum (192€) obgerved "arteriolase rectse spuriae”
in the kidneys of dog and cat. He 414 not find the "arteriolae
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rectae verse".

Bleter (1929) etated that an aglomerular arteriole
extending directly from an afferent arteriole to the perie
tubular capillary plexus was observed by Indwig and hence the
term "Indwig's arteriole” was employed in honour of the
eclentist, ‘

Fitzgerald (1940) found in 10% of the horsee and 5%
of the dogs, that each kidney was eupplied by two main renal
arteries.

Cowdry (1960) reported that the interlobular arteries
were typical "end-arteries” and they 414 not anastomose with
one another. HWowever, occasional anastomoseg between these
arteries ani the branches of the phrenie, adrenal,intercostal
or capsular arteries were obgserved.

' Kazzaz & Shanklin (1961) observed that the kidney of
dog had a system of stellate veins which were Arained into
interlobular veins on the lateral side and directly into the
renal velin on the medlal side of the kidney. In case of the
cow and sheep, the veins were found %o start ae spur-like
projections which Joined the interlobular veins,

Chrietensen (1962) obeerved the présenoe of a few
isolated “arteriolae rectae verae” and "Iudwig's arterioles"”
in the kidney of dog.

Smith (1968) stated that the efferent arterioles of
the cortical glomerull were much smaller than the afferent
arterioles, wherese in the juxtamedullary glomeruli, the

efferent arterioles were nearly as large as the afrerent




arterioles in man and animals.

Fourman & Moffat (1963) observed that in the rat
kidney, ecome of the glomerull which lay Jjust deep %o the
pelvie mucosa had ah efferent veseel whioh passed along the
orescentio mucosal margin to ansstomose with the efferent
vessel of a neighbouring glomerulus to constitute a "marginal
artery". This marginal artery supplied branches to the pelvie
plexus and gave orr.a seriee of vasa recta which left it at
right angles. The plexus was seen to be drained by vessels
which entered the main hiler vessels, either directly or 1h
conjunetion with the collecting veins from the medulls.

Wrobel (1963) found that each lobe of the ses-lion
kidney was supplied by 2 to 4 lobar arteries. Tach lobar
artery waes observed td have & to § subecortical arterie: at
the corticomedullary Junction. Further, they saw that each
lobe of the kidney was drained by interlobar veins.

Copenhaver (1984) presented a nice and systematic
description of the renal artery of man. Fe gtated tha* the
renal artery gave off "interlobar arteriez" which bent
sharply at the corticomedullary zone to be continued as
*arcuate or arciform arteries”". e contended that there was
no communication between these arcuate arteries. Furthsr, he
described that the large arcuate arteries wers aplit into a
large number of "inferlobular arteries* whioh ascended perpen-
dicularly through the midway between the adjacent medullary
rays, where they broke off into ;rforeng glomerular vessels.
neferring the blood vessels of medulla, he maintsined that
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the erferent glomerular artery of the Juxtamedullary region, -
descended as "arteriolae rectae spuriae” and the direot
branches from the arcuste artery as "arteriolse rectse verae”
in the medulla,

Plakke & Pfeiffer (1964) devonstrated that the
speclalised blood vessels of the renal medulila {(vasa reota)
compriced of parallel, relatively unbranched vessels which
broke up into plexus at different levels of the medulla.

Cireulation through the kidney

Morison (1928) noted that the parenchyms of the
cortex wae supplied by the effersnt glomerular vegsels and
in ad44ition by the occcasional nutrient branches from the
interlobular arteries in the kidneye of man, eat, dog, rabbit,
monkey, deer, sheep and pig. Fe observed only srterioplse
rectae epuriae eupplying blood to the medulla.

MaeCallum (1939),0liver (10839), loomis et al.(1942)
and shonyo and Mann (1944) established that in human patholo~
gieal kidneys, many degenerated glomerull might be seen in
which capilllary tuffs had virtually dlesappeared. The afferent
and efferent arterlioles formed a continuous trunk through the
vestige of the glomerull aml were united by a eingle dilated
glomerular espillary. ;

Trueta et al. (1947) thought that the aglomerular
vessels formed by the glomerulsr degeneration were identical
with the rarterlolae rectae verae" of other investigators.
vhe suthors believed that simllar degenerative changes led
to the formation of “Iudwig'e arterioles”. Thus they reaffirmed
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that in the normal human kidney all the renal blood was

made *o pase through the glomerulil (cortical or juxtamedullary)
and the medullary blood supply was wholly through the juxta-
medullary glomeruli.

Moses and Schlegel (19562) demonatrated blood in the
Juxtamedullary glomeruli and vaea recta of the medulla, but
there was ischaemia of the outer cortex after ligation of the
renal artery. They also found direect vaseular conneetions
between the veseels of the renal oapsule and those of peri-
renal and perihilar tiesues. They obeerved that the stripping

of the capsule and periureteral tissues let to complete renal

iechaenia.

Hoffat & Yourman (1963) dlstingulshed four welle-marked
vascular zones in the rat kidney.

(1) Cortical zone - conelsting of interlobular vessels,
the glomerull and a profuse intertubular network of capillaries.

{(2) sub-cortical zone - consieting of wide-mesghed
capillary network besides the juxtamedullary effervent vessels.

(3) outer medullary zone - consieting of a number of
vaseular bundles surrounded by a denze intertubular capillary
network.

(4) Tnner medullary zone - consieting of a capillary
plexus like outer medullary zone and free capillary loops.

Rollhauser ¢t al.(1864) etudied the vasoular pattern
around the convoluted and straight tubules in the cortex of rat
kidney. They obgerved that the arteries of both uapi;lary
regions were vasa efferentia which ran parallel but joined

o

one venoue pathway.




Arteriovenous magmsie

Ymkin et al. (1948),by the recovery of glase epheres
measuring 50 to 180 /™ and 90 to 400 /® in dlameter from the
Vénous ecirculation after being injected into the rensl
arteries of rabbit and human kidneye respectively, came to

know the certaln evidence of renal arteriovenous snastomnses
a8 the spheres of those sizes could hardly pses throupgh the
capillary bed. '

Barrie et al.(1950) found that in the corticomedullary

Junction, certain tightly coiled arterioles derived from the
arcuate arteries made direot communications with adjacent velne
through one or more sinusoids aﬁﬁ thue constituted arteriovenous
anastomoels in the human kidney.

Christensen (1952) observed no arteriovenous anasto-
mosee in the kidney of dog.

Moffat & Fourman (19683) observed that there waes no

direct conmunicstion between the vasza recta loop and the venous

systen.

Lymphatic Veseels
Pierce (1944) observed lymph capillaries in the
vieinity of the Bowman's capsule and interconneections between

the cortical and perirenal lymphatics, in the kidneys of dog

rakeuchi et al.(1961) demonstrated renal lymphatics

whieh were generally accumlated in the corticomedullary zone.
vhe medullary lymphatics Were seen running purallel to the
peritubular capilleries with occasional direct gontast with the

]
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bagement membrane of the tubule at the level of the distal
nephron, the loop of henle and the distal portion of the
proximal tubule. This finding suggested an impeortant role
for absorption of water and some electrolytes on the one
hand and for the mechanism of interstitial oedema in the
medulla on the other.

Nerves

Bradford (1888), cruber (1933), Mmarman & ﬁﬂea
(1948a,19468b) and smith (1958) observed that the arferent
fibres, atlesst from the renal pelvis and ureter and possibly
from the renmal parenchyms, had to play an important role in
renal pain and in some types of anurie involving reflex vasgo-
constriotion. Some of the preganglionie sympathetic fibres
had synaptic junction in the lateral ganglia, others in the
collateral ganglia and still others in the kidney itselr.
Neither nyupathetio-vaaadilgtora nor vagel fibres to the kidney
were demonstrated.

Smith (1958) stated that sympathetic vascconstrictor
nerves richly supplied the kidney of dog. These nerves were
said to arige from the last four dorsal segments in the dog but
from the fourth dorsal to the fourth lumbar segments in man.
The renal plexus was described to be an outcome of a2ll these
fibres whieh after passing through the splanchnie and abdominal
ganglia entered into its formation. From the renal plexus, the
nerve fibres were said to enter into the kidney with the renal
vessels and finally terminate among the afferent and efferent
arterioles. Further, he mentioned that the nerve fibres were
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found to penetrate the basement membrane to be ended adjacent
to the tubuler cells, espeelully in the proximal segment , and
others terminated among the juxtaglomernular cells, in the
parietal layer of Bowman's capsule and in the perivassular
spaces of the glnaeguler tuft, Mowever, the recognition of
euch fibres as affersnt or efferent remained unsettled.

Sehwalew (1983) studied the innervation of the nephron
in mice, eats, rats, doge and rhesus monkeys by silver impreg-
nation method. ™ also examined the development of the inner-
vation of rabbit and human kidneys during ontogenesis. 1% was
established that the nephron was supplied with afferent and
vegetative nerve fibres growing up above the blood vessels and
out of the connective tissue and smooth muscle capsule of the
organ as well.

ghvalev (1984a) studied the afferent elemente of the
intrinsie nervous apparatus in the kidney of cat,white mouse
an? dog.

shvalev (1964b) observed that in the kidneys of rat,
mouse, rabbit, cat, dog,Macaca rhesus and man, the nephron
had an abuniant lnnervation. The typacalAfaatura in the struc-
ture of the afferent nerve endings of the nephron was the
distribution of endings both on the Malpighian body and on fhm
ad jacent uriniferous tubules.

gimpeon & Devine (1966) found that the arterioles of
sheep renal cortex had & rich innervation. Bundles of 3 to §
axone were seen to lie down in the adventitial coat of the

arterioles, widening out at intervals to form little nodes.



MATERTIALS AND METHODS

source’of Animale

fhs present investigation included observations on
forty kidneye from twenty rndian burraléca, of which eight
were femsale between 9 to 14 years of age and the rest twelve
were males between 2 to 3 years of age. All the adult females
were slaughtered in the local elaughter house at sgahgan},
Patna. out of twelve calves only three were killed by bleeding
through the common ecarotid artery and embalmed with freshly
prepared 107 formalin eolution and the rest nina-weru killed
by injeoting super saturated solution of ﬁagneéium sulphate
into the heart. The embalmed garcases belonged to the nNeparte
ment of Anatomy and the rect to the nepartment of flargery,
Bilhar Veterinary College,Patna.

Techniques

Sroses

Both, right and left kidneye were weighed with the
aid of physiocal balance. The greatest length, dbresdth and
thioknaas of both the right and left kidneys were measured
geparately with an ordinary tape due to non-avallability of
glide callipere. The superficisl lobes were counted in esech
kidney with the intact capsule of the organ.
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fetological

Fixation: ‘The kidneye taken from the freshly killed
animala of abattolr and Department of Surgery were eplit
longitudinally with a sharp knife and put into 104 formalin
solution in which they were allowed %o remain for atleast two
days for fixation. The kidneys from embalmed carcases A1d not

require further preservation.

freparation of blocks: Tn preparation of the blocks
from the fixed tiseues, the technique employed by Barrie (1953)
was closely followed %o have anatomic continuity of renal
fubules. Small blocks of approxzimately one qentimetre wide and
half centimetre thick were obtained from four different parts
of each kidney. Out of four blocks, two bloecks were cut in the
vertieal plane of the straight collecting tubulees and the
paplllary duets in such a way as %o inelude the capsule, corsex,
medulla and papilla of the organ. The third and fourth blooks
were cut transversally in the medullary and cortical regions

regpectively.

Fater and alecholic wesh: fome blocke thus obtained

were then waghed in ranning tap water for 6 %o 12 hours and

then put in a Jar containing 707 aleohol for 12 to 16 hours.
fome blocke on the other hand were only kept in the

Jar contalning 707 aloohol for alcoholic wash of the fissuee.

Dehydration: The tigsues after getting rid of the

fixative under the precediny process were then paseed through




the three Jars of dehydration as follows.

1, Jar I - containing half N-butyl aleohol

and half 957 of ethyl aleohol «=e 4 hours
2+ Jar 17~ containing N-butyl aleohol «-- 4 »
ds Jar 17I- containing N-butyl aleohol «-~16

Qlearing and Ainfiltration; After dehydration the

tiseuee were made to paess through the four jars of this
procese which were kept inside the paraffin oven at 6006-

1., Jar T - contalning half N-butyl aloohol
and halr 5 ¢ paraffin .- - 2 hours
2 Jar 11 - contginang 5200 paraffin wee 2 »
3. Jar ITI- containing 52°c paraffin ««= g =
4. Jar IV - containing 56°G paraffin «-- 18 =«

fmbedding: The tissues were embedded in hard

paraffin (52°a).aa the work was carried on during summer daye.

gecotloning: Ueually the seections were out at 5 mierons

but a few at 3, 7 and 10 microns. Approximstely fifteen hundrsa
elides were prepared.

'stazmm; Nearly seven hunired slides were atained
with the following different stains.

I. Harrie'e alum haematoxylin and counter staln
ethyl eosin were use& as a routine method of
staining. The majority of the slides were stained
with these etalne,
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I7. Welgert and vanGleson's stains were employed
for elastic and collagenous tissues and muscle
fibres (Mallory ,1942).

TIT.0allego's iron fuchsin stain was adopted for
ecollagen and reticulum, muscle, elastic fibres
and mast cell granules (Lillie,1948),

Iv. éridley'a reticulum sgtain wae selected for reti-
cular fibres (aridley,1981).

Y. reriodic Acid sSchiff reaotion technique was
practised for the granular cells of the juxta-
glomerular apparatus, ﬁnﬂ the basement membrane
of the glomerulus (MoManus, 1948).

The sehiff's leuco-fuchein solution was preparsd
according to the prescribed formula of MeManus but for the
addition of anlmul chareoal (1 gram in 100 e¢, of the standard
eolution) which improved the results (followed at 1.V.R.T.,

Tzatnagar).

Mounting: The mounting of all the stalned sections

wags done with 'hepex’.

Methods of Measuring
The dlameters of the cortical renal corpusele, juxta-
medullary renal corpuscle, cortical renal glomerulus, juxta-
medullary renal glomerulue, proximal conveluted tubule, thin
segment of Henle's loop, distal convoluted tubule, straight
colleeting tubule and the papillary duct were measured with the

ald of an'‘ooular micrometer‘which was standardised with a

r
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‘stage micrometer'. similarly the heights of the lining
epithelial cells of the proximal tubule, thin segment of
Henle's loop, distal tubule, collecting tubule and paplllary
fluct were measured with the help of an ‘'ooular miorometert,
As the average of six measurements were considered statisti-
cally elgnificant, only eix slides from all the elght she-
buffaloes and only ten male calves were selected for the
measuremente of the different etructures seen under the light
miorosecope. Thus the average of eix measurements from each
animal gave the measurement of the particular structure of
that animal. Further, the mean of the averages of all the
measurements in different animals of the same ape grouﬁq;ave
the final average measurement of the partiocular strusture in

the animale of that age group.
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groess Anatomy

The kidneys or-Inﬂinn burralﬁea present the following
features,

They are roﬁ-hrbun in colour. The colour is darker than
that of ox. The left kidney is oval and esome what elongated in
ghape, The right kidney is more or less triangular in shape and
gome what flattened Adorsoventrally, with the angles rounded off.'
The superficial lobations are clear with their number varying
from 168 to 21. The fissures, of varying depths which demarcate
the lobes, are filled with connective tissues. The sizes of the
lobes are greater in the adults than in the young animele, but
peverse in the case of number. The approximate weight of the
right kidney is 394 gms. and that of the left 1s 434 gma. in the
adult animale. The greatest dimensions of the aduit kidneye gre
more or less similar to the kidneys of ox as described in
sanatomy of the ox" (T.0.A.R.,publication,1964). The greateat
length, breadth and thiockneas of the right kidney of the Indian
buffalnen are 16.0 oma., 9,7 cme. and 4,3 ems. respectively.The
jeft kidney meassuree 13.4 ems. in length, 7.6 oms. in breadth
and 8.8 ems. in thickness. The welghte and dimensions of the
kidneys of young calves 4o not present any apeolui feature,

the hilus in the left kidney ie a deep fiseure gituated
on the anterolateral part of the dorsal surfgee, The hilus of
the right kidney is located almost in the centre of the ventral
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TABLE - I
WETGHT, LENGTH, BREADTH AND THIOKXNESS OF THE KIDNEYS OF
INDTAN BUPFALOES
Male

=1 : } Welght (ams) | Length(cme) | Sreadth(ome)]THiokness (CME)

8l.

!
wo.lg§§!;1 fight | Left i_ ﬁ;ghs[:zifi‘{ right ] ;§?¥'*‘§1§§§1:§§§§::

M, 166.0 172.0 11,7 11.2 6.2 8.5 3.3 4.3
2 23 170.0 175.0 . 11.7 10.4 685 7.0 3.2 3.7
3 2 161.0 187.0 10,5 10,4 6.8 7.2 4,0 4.3
4 2 141.0 183.0 10,7 10,2 6.8 6.8 3.0 3.4
5. -3 202.6 233.5 12,8 11.0 7.9 B8 4.0 4.4
6 2 133.6  143.5 118  11.85 ~ 8.8 4.8 3.1 3.8
Total 963,0 1032.0 68.9 64.4 40.8 38.3 20.6 23,9

AVQI‘GB’ 180.6 172.0 11.5 10.7 6.8 8.1 Sed 4,0

vemale
1T ]’ weight (Ome) | length(cme) | Breadth({Oms)] Thickness(ome)
S1.§ Ape
ﬂo.[(vgsu:m::[z?e t_j night Jieft } Right J1eft { RApht Jieft _

10 465.2 531.82 14.9 314.0 ' 10,4 9.1 8,3 8.4
04 410.8 436.8 14,3 13.0 8.1 7.9 4.1 8.8
14 510.6 B24.6 16,2 13.56 11.2 8.3 4,1 7.8
15  397.2 439.2 14.9 13.2 10,4 6.1 43 7.7
133 387.2  361.2 14,6 13.0 10,2 8.9 4.1 6.4
16 352.8 388.8  16.3 14.1 8.9 6.6 5.8 6.3
13 265.8 373.8 14,8 13.2 8.9 6.3 3.1 6.4

3 O O b a4 M =

Total 2769.6 3034.6 108.C 94.0 68.1 0&3.2 30.3 47.6

‘Average 394.2 433,56 16,0 13.4 9.7 7.6 4.3 6.8
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surface, The renal pyramids are easily demarcated from one
another when seen in a longitudinally split up specimen from
ite eut surface. The renal papillae project into the calyces
minores which are snugly fitted to them. The calyces minores
Join each other to roén two calyces majores which finally
unite to form the ureter. The pelvis is absent in the kidney
of Tndian buffalo,

Blood vVesgels

The renal artery and renal vein are seen in the hilue
of the organ along with the ureter, nerves and lymphatics. The
renal artery divides into interlobar arteries which are sharply
bent at the bases of the renal pyramide and are hence called
arciform or arcuate arteries. The areiform arteries give off
geveral interlobular arteries which ascend towards the eapsule
through the middle of the two adjacent medullary rays. On ite
way the interlobular artery gilvee of numerous branches which
are the afferent arterioles of the glomerulus. The efferent
arterioles of the glomerulus in the cortical region of the organ
supply the uriniferous tubules and the capsule of the organ. The
efferent arterioles of the Juxtamedullary zone on the other hand
form the "arteriolae rectae spurise” to supply the medulla of
the kidney.

The renal vein haes the same ocourse as that of the
artery. The calibre of the vein ie¢ greater than that of the
artery. The main renal vein ie formed by the interlobar veins
which are the resultan®s of the fusion of the interlobular veins.
The sgharp bending of the interlobar vein 1e¢ called the arcuate
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vein which is the satellite vein of the corresponding artery.
The interlobular veln ie formed by the confluence of the
stellate veine which are the out come of the union of the

small vennules Araining the capsule and the cortex of %he
kidney. The "venase rectae® are the satellites of the arteriolas

rectae spurise an? they join the arouate veins.

Nervea
From the renal plexus which is the part of the eympathe-
tic nervous system, the mostly amyslinated nerve fibres enter
the kidney in company with the rensl vessels, These nerve fibres

finally terminate among the afferent and efferent arterioles.

Microscopic Anatomy

Capsule

The kidney of the Indian buffalo iz enveloped in a
*fibrous capaule” which 18 easily removable in normal condition.
A fibroug hyperplasia leads to a firm attachment of the capsule
with the parenchyma of the organ.

The “"tunica fibrosa® (fibrous capsule) is morphologi-
eally divieible into an outer and inner layers. The outer layer
containe mostly the dense collagenous fibres. These dense
collagenous fibres take red etain with Weigert & van aleson's
etain. The fibres almost run parallel to the outer surface of
the kidney. A few elastic Pfibres are also present besides the
eollagenous fibres in the outer layer of the capsule.

The inner layer comprises of a mizture of loose colla-
genous, reticular and smooth muscle fibres. With the ald of Q

e




Gridley's stain 1t has been seen that the reticular fibree

form the meshes for fibroblasts and muscle cells. The presence

of blood veesels in this layer ie not uncommon. I% ie with

the Gallego's stain that the clesr demareation between the
external collagen and reticular fibres and internal smooth
muecle celle can be evidenced by the deep blue eolour of the
former and greenish to orangeeyellow of the latter, A definite
layer of the muscle fibres thue seen can lead to an establishment
6f 2 third layer in the innermoet part of the capsula fibrosa.
The muscle cells are geen depcending into the intertubular
epacee with the collagenous and reticular fibres., fome musgcle
eells are seen surrounding the secretory tubules which lie in
the glose proximity of the eapeule, The notable Aifference
between the capsules of adult and young kidney is regarding the
muscle eelle which are less developed in the latter, Due to

the close contact of the inner layer of the capesule with the
underlying renal tubules, a corrugation is obeerved in between the
capsule and the kidney parenchyma.

outeide the fibrous capsule, the white adipose tissue
form & distinet layer which can be termed ae "capeula adipoea”.
The c¢ells of thie layer are white fat cells with the clear
eccentric nuelel seen under the light microscope.

The renal fTascla ae degcribed by Bayner (1958) te also
geen outside the paerinephric fat in the buffalo kidney. This
firet fasclal membrane (renal fascla) is made up of loose colla-
wenous fibres and ie of meagre thicknees.

Fammeraen & Staubesand (1981) deseribed a simple fibro-
lipo-vascular eapsule in the dog kidney. But the present investi.
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-gation sugpeets that a capsule of complex nature is precent
in the kidney of buffalo.

Uriniferous Tubule
The kidney is an agglomeration of chiefly a large
number of uriniferous tubules. As such this is called s
compound Subular gland. Fach uriniferous tubule has two seg~-
ments.
(1) A sescretory tubule or nephron
(14 )A collecting tubule.

Nephron

The nephron is unit etructure of the kidney, both
from morphologioal and physiologieal etand pointes, Tt 1o made
up of the following different parte.

(1) The renal corpuscle

{11) The proximal tubule

(111 )The thin gegment of Fenle's loop

(1v) The dietal tubule,

The renal corpuscle. The renal corpuscle or Malpighlan
corpuscle comprises of Bowman's capsule and the glomerulus.
Tt has two poles - wvascular and urinary. The vascular pole is
the place where afferent and efferent arterioles enter and
leave the corpuecle. The urinary pole on the other hand is nearly
opposite to the vaescular pole and is marked by the point where
the proximsl tubule starts dilatation to form the Bowman's

capsule.
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The renal sorpusele of the kidney of Indian buffalo
shows variation in dlameters between cortical and juxtamedu.
llary regions. The average transverse diameters of the
cortical and juxtamedullary renal corpuscles in young are
1390 M ang 130 N respectively. In adult thelr measurements
are 188/Min the cortical region and 188/" in the juxtamedu-
llery zone. This observation tallies with the findings of
Yadava (19085) who obgerved that the cortical rensl corpusces

ware greater than those of Jjuxtamedullary zone in ox.

The glomernlus. It 12 the tuft of capillaries formed

by the abrupt divislona of the afferent sBteriole which further
Subdivide to form the complex capillary loops,

Juet like the renal corpusclees, the cortical glomerull
are larper in dlameter than thoese of the jJjuxtamedullary zone.
The cortical and juxtamedullary glomeruli are 107/ sna 95/MUin
young and 138/¥ and 123/% in sdulte respectively.

Yedava (1956) observed that the cortieal glomeruli
were greater th@n those of the juxtamedullary zone in the case

of ox kidney. Tn the present investigation aleo a similar

dirference has haén obaerved.

The glomerular ecapillary tuft. The tuft of glomerular

capillary in the kidney of Indian buffalo is formed by the
further subdivisionas of the ramifications of the afferent
arteriole, The efferent arteriole i1e formed by the fusion of
the capillaries of the tuft. The capillary lumina ig seen to
have erythrocytea, almoet all devold of eremation.

e e o B
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TABLE - 1T

DIAMETER OF THE CORTICAL AND JUXTAMFDULLARY
RENAL CORPUSCLE AND GLOMERULUS TN THE KIDNEY
OF TINDIAN BUFFALO

(in micronsjaverage baged on glx counts/animal)

MALE
Renal Corpuscle glomerulus
8l. Age Cortical Juxta- Cortical Juxta-
No. (yrs.) med« med -
(3iam.) ﬁm ) (d4am, ) ﬁi::f )
| 133 123 103 93
2 137 129 106 o2
3 23 148 128 110 29
4 2 144 133 110 98
5 23 142 132 101 93
8 2 138 130 101 96
7 2 129 118 06 88
8 3 147 13 - 118 99
9 2 141 134 116 105
10 2 141 136 108 B1
11 2 133 123 104 87
12 £ 139 131 111 94
Total - 1668 1584 1278 1136
Mean average 139 130 107 95 .

(approx.)




TABLE = IIL

i

DIAMETER OF THE CORTICAL AND JUXTAMEDULLARY
RERAL CORPUSCLE AND GLOMERULUS IN THE KIDNEY

OF TNDIAN BUFFALO

(in miorons;average based on eix counte/ animal)

FEMALE

Renal @Gorpuscle Glomerulus

] GRR)GMe e g daee
ullary ullary
{diam. ) (diam.) {fiam.) (diam,)

1 10 169 150 141 123
2 9 174 162 140 128
3 03 163 142 126 103
4 14 198 184 161 148
5 13 176 159 125 123
6 133 160 143 138 125
7 16 176 163 137 11¢
8 13 161 144 128 118
Total 1346 1247 1106 982
iy P 168 188 138 123
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In the present investigation, a dilatation in the
afferent arteriole after its entrance into the renal corpuecle,
has not been found. Thus this goee to support the finding of
Codden (1949) who 414 not obgerve any such dilatation in the
afferent arteriole of the human kidney,

The intercapillary or axial space. The axlal space
in the glomerulus of the buffalo kidney hae been found to
contain the ecollagenous and reticular fibres surrounding the
tuft. Periodie Acid schift (P.A.8.) positive deposite in the
glomerulus have been also noticed in a few cases. Among the
cellular elements, fibroblasts and histiocytes have been
obgerved in the axial space of the glomerulus.

The presence of collagen and retioular fibres, and
fibroblasta and histiooytes are in support of the similar
observationg made by Yadava (1955) who found all these struce
tures present in the kidneys of ox, horese, dog, plg, sheep,
goat and oat,

Though much attention has been pald by the recent
investigators towards the mesangium of the axial space, the
field 1s still open for further investigetion. As regards
the present investigation is concerned, the attemptes have not
been made to golve the exieting controversy over the meean-

gium becauee of the confinement of the present work with light

microscope.

The three primary membranes of glomerulus. The three |
5

primary membranes of the gléaorulus comprises of =
(a) Visceral layer of the Bowman's capsule
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{b) Basement membrane
(e) Endothelium

The present investigation reveals the presence of

all theece three membranee in the kidney of Indian buffalo.

wman's capsule. Thie capsule is the invagination
of the terminal portion of the proximal tubule which expanis
to envelope the glomerulus of the kidney. The Bowman's capsule
thue formed is made up of two layers - Parietal and vigeeral.
In between parietal and vtaoerql layers, a space termed
“capsular space” is formed beeause the two layers do not come
in contact with each other. Thiec space ig contimied into the
lumen of the proximal oconvoluted tubule.

The parietal layer of the Bowman's capsule 12 made
up of flattened epithelial cells. The basement membrane of thies
layer is composed of collagen and retioulsr fibres.

This visceral layer of the Bowman's cepsule hae eplthee
1ial celle like those of the parietal layer. The glomerular
caplllariea are enveloped by this layer,

The capsular space has been found of greater width 'n
the adult kidneys than those of the young calves.

The observation made during the present investigation
talliee with that of Yadava (1965) so far the lining cellg of

the parietal and visceral layers of Bowman's capsule are

goncerned,




Juxtaglomerular apparatus consists of myoepitheloid cells
which are the modified celle of the media of the afferent
arteriole of the glolorului. This modification of the cells
of the medla of afferent arteriole takes place just before
the entrance of the afferent arteriole into the glomerulus.
The afferent arteriole of the glomsrulus of the
buffalo kidney, near the maculs densa presents a ouff of large
and pale~staining cells which have been found more dense
towards the macula densa. A material difference has been noted
between tha Juxtaglomerular celle of young and adult animals.
The Juxtaglomerular cells with the typlearl rounded nuoclel are
lese numerous in the oalves than in the adult buffaloes. The
cell cytoplasm of the Jjuxtaglomerulsr cells containg granules
in place of the myofibrila. These gramilar sells which are
P.A.G. positive are found more in the adult than in the young
onee,
Maximow & Bloom (1982) obeerved that the juxtaglo-
merular cells were absent in the kidneye of children below
2 years of age. Tn thie investigation aleo it has been seen

that the juxtaglomerular cells are more distinet in adults

than in the young animals.

The proximal tubule. The proximal tubule has two

portions - pars convolute and pars reota. The pars convoluta
1 the looped and tortuous portion of the proximal Subule,
gituated in the close proximity of the renal corpuscle from
which 1t originates. The proximal convoluted tubule enters
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the medullary rays and becomes pars recta. The pars reéta
descends down as the descending thick limb of the Fenle's
loop. The other structures are similar in both subdivisions
of the proximal tubule.

The proximal tubule of the kidney of ocalves has an
average dlameter of 36/%, but in the case of adult Temales
the diameter ies 49/% . The lining cells of the proximal tubule
have an average height of 9/% in young and 10/% in adults.

The 1lining cells are truncated pyramidal in shape. The oyto-
Plasm of the lining cell containe P.A.8. positive granules
which maek the cell boundaries, The basal striations are
guites Aistinet. The nuclel of the lining cells are spherieal
in shape and they are usually siftuated towards the basal side
of the eellps. The brush border is distinet.

Mukherji 2 Sen (19684) found a considerable amount of
argentaffin granulee in the proximal tubules of the toad
kidney. But in the present investigation no such gramiles
have been notieced in the proximal tubules of the buffalo

kidney.

The loop of Fenle. The loop of Fenle is comprised of

a descending and an sscending limb Joired by a sharp bend.

raeh 1imb hae a thick and thin portion. The latter sonstitutes
the thin segment of Fenle's loop., The thick descending limb

iz formed by the pars recta of the proximal tubule. The thick
ascending limb ig formed by the pars recta of the dietal tubule.

T R
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TABLE - 1V

DIAMETER AND EPITHELIAL BEIGHT OF THE DIFPERENT
TUBULAR SEGMENTS OF THE URINIFEROUS TUBULE TN
THE KIDHEY OF TNDYIAN BUFFALO

(in mierons;average based on gix counts/ animal)

MALE

Proximal Thin segment Distal Stralight rapillary
81l. Ape tubule. of tubule. collecting duct.
No. (yrs) Henle 's loop. tubule.
, @lam. TB* ddam. EH diam. EH diam. EH diam. EH

1 2 3 8 17 4 89 & 3 8 47 18
e 2 3 11 18 4 26 5 35 8 48 18
3 e} s v % B m o8B oo
s 2 38 6 W & W B M & W B
5 2} 31 8 15 4 26 85 33 6 8 14
e 2 33 10 16 4 27 6 37 8 47 13
s 8 3 8 17 4 28 6 35 6 43 18
s B 44 10 16 4 30 6 38 6 85 20
5 g 36 10 18 & % 7 3} 7 4 18
e 0 11 14 el e s e al
w6 M w w mm

Mean gversge
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TABLE - V

DIAMETER AND EPITHELIAL HEIGHT OF THE DIFFERENT
TUBULAR SEGMENTS OF THRE URINIFEROUS TUBULE IN
THE KIDNEY OF INDIAN BUFFALO

(in mierons; average based on six counts/ animal)

FEMALE

Proximal Thin gegment Dietal Straight rapillary
S5l. 4Age  tubule. of tubule. ecollecting duet.
No. (yrs) Henle's loop. tubule.

diam. EN* Alam, TH diam. EH diam., EH diam. £H

1 10 51 10 24 B 4 8 48 8 T o2
2 9 48 9 25 6 41 8 4 B8 -éa 22
3 92 45 10 24 5 38 6 48 10 72 24
4 14 52 9 =24 & 42 9 53 % 101 30
B 13 50 10 27 & 45 8 60 7 98 26
¢ 133 53 12 g8 8 4 8 83 7 78 g4
7 18 46 11 23 8 41 8 & 9 98 29
8 13 48 11 23 8 44 8 48 8 78 26
Total so5 62 196 43 338 69 400 62 670 203
z:;"mge 49 10 256 B 2 7 60 8 84 25

s¥H = Epithelial height. Mean average - Approximate.
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The thin segment of the Henle's loop is smaller in
dlameter than either of the proximal and distal tubule. The
dlameter of the thin segment measures 16 /% in cslves and 25/
in sdult animals. The epithellal cells are of simple squamous
type with their nuclet bulging into the lumen of the tubule.
The helght of the epithelial cell is 4/ in young and 6 A in

adult animals.

The distal tubule. The distal tubule is made up of

two parts:

(1) Pars recta

(11 )pars convoluta

The pars recta forme the thick ascending limb of
¥enle's loop. The pars convoluta liee near the glomerulue.

The dietal tubule makes a tangential contact over the afferent
arteriole of the glomerulus where the crowding of the nuelel
of the lining cells of the dietal tubule along with the asso~
ciated structures constitute the “macul: densa”.

The distal tubule is lined with a eingle layer of
euboldal cells with bagal nuclel. The nuoclel are oval or sphe-
rical in ghape. The eytoplasm is gramular and less eosinophilic.
vhe basal striations are preeent but the brush border iec absent.
rhe lumen of the tubule 1g greater than that of the proximal
tubuls.

whe Alameter of the dletal tubule ie 28/% in young
and 42/% in adult animals, The epithelial cell height has been
obzerved 6/% in celves and 7/% in adult burfaloes.



eu enga. The macula donﬁu in the kidney
of buffalo 1s constituted at the tangential contsot of the
dletal convoluted tubule over the afferent arteriole. The
cells taking part in the formation of this dense body arve
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comparatively taller than those of the regt portion of the
dletal %tubule. The cytoplasm of these cells take faint stain
around the nuclei. The nuclei are seen spheriecal to oval in
shape. The chromatin granules of these nucle! take dark staln.
The maculs eells are seen in the close vicinity of the Juxta~-

glomerular cells.

Collecting tubule

The solleeting tubule is made up of the following
segments;

(1) Initial or arched or eonnecting tubule

(31) straight colleeting tubule

{111 )rapillary duet or the duct of Bellini.

The arched colleoting tubule. The arched solleeting
tubules are situated in the cortical labyrinth of the kidney.

The lumen of the tubule is regular in out 1line. The cytoplasm
of the lining cuboidal cells take faint stain and laek the
characteristic granules of the nephron. The nueclei are basally
located an? more or lese spherical in ghape. The findings of
the present investigation tally with these of Yadava (1955)

who made an observation on the kidneys of domestic animals.

y
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The stralght collecting tubule. The etralght

colleoting tubules art-ooen lying eide by side in the renal
pyramide. The lumen of the tubule is wider than that of the
arohed ocolleoting tubule. The Alameter of the straight colleec-
ting fubule in the young calvee have been found to be of 35/4
as against 50/% in those of the adult animals. The lining
epithelial celle ares from ouboidal to columnar in type. The
eytoplasm of the 1lining cells 1s seen clear under the ordinary
1ight microscope. The nuelel of the lining cellﬁ contain
deeply stained ochromatin granules. The nuclel are also seen
with dAeeply stained nucleoll. The cell boundarieg are clear.
The height of the epithelial cell 1s 7/% in young and 8/ in
adult animals.

Trautmann £ Fiebiger (1957) described fat droplets
in the emaller collecting tubules of large animale. No esuech
fat droplets have been notliced in the kidneye of Tndian buffa-

loes under thie investigation.

The papillary duct. The lining epithelium of the

papillary duot of the buffalo kidney has %tzall columnar cells
which become transitionsl towarde the opening of the papililary
duet. The lining cells have nonegranular cytoplasm. The nuelel
are large and spherieal in shape. They are almost® locateq in
the centre of the lining cells. The nuecleoli and chromatin
granulee of the nucleil teke darker stains. The transitional
epithelium of the papillary duet in the kidney of Indlan
bufrfalo has been seen continuing over the renal papilla aes the

paplllary epithelium.
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The dismeter of the papillary duct is 48/" in young
but 84/" in adult animals. The height of the epithelium of
the papillary duct is 17/ in calves and 25/% in the adult

femaleg,
The clear cut two layered epithelium as described by

Trautmann & Flebliger (1957) has not been geen in the papillary
duct of the buffalo kidney. fowever, a few two lsyered celle

: have been geen at the Junction of the simple columnar and
transitionsl eplthelluﬁ in some paplillary ducts of the buffalo
kidney. |

The basement membrane of the uriniferous tubule

The basement membrane of the renal tubule in the
kidney of Indian buffalo gontains collagen fibres and reti-
cular fibres, A Tew Tibroblast ocells have been also obgerved
along with the eollagen fibres. Tt has been seen with the aid
of gridley's stain that the reticular fibres form a thready

periphery of the renal tubules.

Papilla

The papilla is the apex of the renal pyramid. 1%
contains the openings of the papillary ducte at ite surface
i.e.on the "area oribosa’. The transitional agitheuum of
the calyx minor is reflected over the surface of the papilla
and is further continued on to the surface of the papilla as
the paplllary epithelium. The height of the transitional
papillary epithelium becomes reduced towards the angle of
reflexion. Tt has been observed that the paplllary epithelium
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is made up of only 2 layers of cells in the angle of reflexion.
The transitional epithelium hss been found to extend from the
paplllary eurface to a varying distance into the papillary
duet.

Interstitial Space

The interstitial space ie occupied mostly by the
reticular fibres which form network between the renal tubules.
The reticular fibres are concentrated in the region of the
aggregation of the *arteriolae rectae spuriae*. Collagen and
elastic Tibres have been geen in the walls of the blood
vessels situated in the interstitial tissue of the buffalo
kidney. Along with the blood veseele, delicate collagenous
fibres enter the glomerulus. Metiocytes and fibroblast cells

are seen scattered in the interstitial tiseue of the buffalo

kidney.

The intertubular cell groups or Becher's cells

The intertubular cells are present in the intersti-

tial space between the uriniferous tubulea, near the Bowman's
capsule and around the cortical arteries. The eytoplasm of the
Recher's cells is non-granulsr. The cell boundaries are not
discernible. fSome cell groups are encapsulated with the collagen
fibres. The nuclel are usually epherical in shape. Some oval
nuclel have been also observed. Fach nucleus has one deeply
stained nueleolus in the centre of the cell and many in the _
periphery. The space between the nucleoli is almost clear having

no ehromatin granulee.
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Cell unit of Goormaghtigh or soecleplasmodium

The cell unit of doormaghtigh ie located in the

angle formed by the afferent anl efferent arterioles of the
glomerulus in close assoclation with the Juxtaglomerular
apparatus. It is comprised of small cells which are elongated
in outline and are closely associated with each other. The
cells take a faint stain. The nuclei of the cells are elonga-
ted. The cells are not dletinctly demarcated from one another.
Busher & Reale (1962) observed that thsre were no
blood eapillaries within the heaps of Goormaghtigh cells. In
the present investigation also no such blood capillaries have

been detected.



1s Gross and microscopic studies were made on the

lkidneys of twenty Indian buffaloes. The tissues were preser
ved in 10§ formalin golution and sections were cut mostly at
5 & 7 microns, Haematoxylin and eosin were used as routine
stains, Spéeial stains, vizs Weigert & Van Gieson's staln,
Gallego's stain, Gridley's stain end PAS technique were also
employed for menifestations of the speelal structures.

2« The weights of the right and left kidneys are
16045 & 172,0 gms. in the young celves and 39%.2 & %33.5 gna,
in the adult buffaloes respectively, The length, breadth end
thickness of the right ‘kiﬁney are 11.5, 6.8 and 3.4 cms, and
that of the left are 10.7, 6.1 and 4,0 ems., respectively in
the young calves. But the dimensions of the rizht kidney are
15:04 947 ond 4,3 cms. and that of the left are 13+ly 746 and
648 cms., respectively in the adult animals,

3¢ The right kidney is triangular in outline, resembe
1inz the heart of the playing card. The hilus is situated
alnost in the centre of the ventral surface of the right kidney.

4, The capsule of the kidney of Indian buffelo presents
a definite layer 'made up of smooth musele celis in the deeper
part of the tunica fibrosa. The first fascial membrene {(renal
faseia) has also been observed outaicie thga perinephric fat, The
blood vessels have boen noticed in the inner part of the tuniea

fibrosa.




73

S« The cortical renal corpuscles are larger than
those of the juxtamedullary zone., The cortical renal corpusele
MGtm:msﬁmagerotiy/“mmgmd 168 /2 in adult
animals. On the other hand the Juxtanedullary renal corpuscles
are 130 /% and 156 /2 in young and adult animals respectivelye

6+ The cortical glomeruli are also greater than those
of the juxtamedullary zone. The cortical glomeruli are 107 /%
in young and 133 /® in adult kidneys. The juxtamedullary glome=
ruli are 95 /% and 123 /% in young and adult animals respective-
1y. '

7. The axial spece of the glomerulus contains fibroe
blasts and histioeytes besides the collagen and retieular

fibres.
8. The capsular space has been found of grester width

in the adult kidneys than those of the young ones.

9. The juxtaglomerular cells with the typleal rounded
nuclel are less mumerous in the calves than in adult buffaloes.
The PAS positive granular cells are more in the adult than in
the young animals.

10, The proximal tubules of the kidney of young and
adult animals have diameters of 36 /% and 49 /2 respectively.
The lining cells are 9 /% in height in young and 10 /2 in adult
animals. The lining cells have PAS positive granules which mask
the cell boundaries. The brush border and basal striations are

distinct,
i1. The thin segment of the Henle's loop is smaller

in diameter than elther of the proximal and distal tubule. The
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dlameters of this segment in young and adult animals are 16/%
and 25/% respectively. The height of the lining epithelial cell
is 4/ in young and 5/% in adult animals, :

12, The distal tubule of the buffale kidney has a
diameter of 28/ in young end 42 /U in adult animals, The epie
thellal cell heizht is 6/% and 7/% in young and adult animals
respectively.

13. The mam:ia cells are comparatively taller than
those of the rest part of the distal tubule. The chromatin
granmles of the nuclei of these cells are decply stained.

14, The dismeters of the straight collecting tubules
in young and adult animals are 35 /¢ and 50 /2 respectively.
The heights of the lining epithelial cells are 7 / in young and
8 /2 in adult animals,

15. The paillary duct is lined by a single layer of
tall columnar cells except at the terminal portion where the
epithelium becomes tramsitional., The transitional epithelium of
the papmary duet 1s seen continued onto the surfzce of the
renal papilla. The duct has a dlameter of 48 /9 in young but 8k/1
in adult animals. The heights of the lining epithelial cells in
the transitional portion are 17 /& and 29 /uin the kidneys of
calves and adult buffaloes respectively.

16, The reticular fibres surround the rensl tubules.
The fibres become more comcentrated in the region of the
"arteriolae rectae spuriae®,

17. The papilla is lined by transitional epithelium
which becomes two layered in the angle of reflexion.
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13. The cell boundaries of Becher's cells are not
discernible. The nuclei of these cells have & deeply stained
nuecleolus in the centre and many sueh in the periphery.

19+ The cells of Goormaghtigh are not distinetly
demarcated Irom one another, The heaps of Ooormaghtigh cells
are devoid of blood capilliaries in the kidneys of Indian
buffaloes,
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