* INTRODUCTION AND REVIEW OF LITERATURE "

The juxtaglomerular apparatus was first recognized
by Golgi (1889). This apparatus is located at the hi-
lus of the glomerulus and consiets of tubular and vas-
cular components. The tubular component is that portion
of the distal convoluted tubule which is in contact with
the vascular pole of the glomerulus. This component has
been termad the macula densa (Zimmermann, 1933) becauae
at the site of contact, the nuclei of tubular cells are
closely packed together than those of the contiguocus
distal tubule. The vascular component, on the other hand,
includes the afferent and efferent arterioles,and group
of cells between the arterioles ( Barajas and Latta ,
1967 and Barajas, 1970) . These cells have been refe-
rred to as the polkissen cell group of Goormaghtigh
(Zimmermann, 1933) or the lLacis (Oberling and Hatt ,
1960). Many years later, Barajas (1970) termed them
the extraglomerular mesangium or the extraglomerular
mesangial region because of their location between the
two glomerular arterioles and because of their cytolo=
gical simblarity and anatomical continutty with the
glomerular mesangium. The above cited definition corr-
osponds to the mammalian juxtaglomerular apparatus .

However, comparative atudies of the juxtaglomerular




apparatuses have been reviewed by Sokabe (1974) ,
snd Sokabe and Ogawa (1974) .

The terms afibrillar, epithelioid, myoepithelial
or myoepithlioid cells have been used by light micro-
scopists to designate somes cells in the vascular com-
porent with clear cytoplasm, which may or may not have
graaules. Barajas (1979), in his research, preferred
the name " Juxtaglomerular granular cells " for those
cells containing renin granules and the general term

" agranular ¢ells " for those cells deveid of granules.

The granular cells were first observed im the wall

~of the afferent arteriole by Ruyter(1925) who proposed

that the juxtaglemerular granular cells were modified
smooth muscle cells. Goormaghtigh(1939) pestulated that
they were the source of the hormone renin. Despite the
presence of the granular cells in the wall of the affe'
erent arteriole of many species, they are not observed
1§ light micrescopic preperations stained by haemat-
oxylin and eosin. In additien, Bohle (1954) and Barajas
and (1963) Latta reported their presence im the wall eof
the efferent arteriole.




Purther imvestigations have fully confimed Rayter's
hypothesis. Attachment bodies, myofilaments, amd stiructu-
res characteriatic of amooth musele cells have bee: demo~
mstrated in the cytoplasm of juxtaglomerular cells by
electron mieroscopy. The presemce of membrame-bouml cyto=
plasmic gramules appearimg to origimate im the Gol;gi app-
aratus (Hartroft and Neumark, 1961 ; and Latta and Mauma=-
back, 1962) , amd a well-developed endoplasmic resiculum
are consisteat with endocrime function. Im addition, remias
has been localised in the granules of juxtaglomerular
granular eells by immunofiworescence ( Edelman and Harte
roft, 1961 ; and Hartroft and Hartroft, 1961) and hiag been
extracted directly from these ocells ( Cook, 19 71 | .

In most speeies, the granules are irregular i1 shape
and size, usually multilobulated ;and often occupy moat of
the cytoplasm . In addition , the Golgi apparatus «f the
Juxtaglomerular granular cells is well developed ard nay
contain small granules with a crystalline structure in itse
cisternae( Barajas and Latta, 1965 ; Barajas,1966 ; and
Biava and West, 1966) . These Golgl granules, which have
been called protogranules (Barajas and Latta, 1965 ; and
Barajas, 1966) are thought to be the preeursors of the
large granules . Protogranules are more abundant ir kidn-
eys with increased renin production, suck as those with

constricted renal arteries (Barajas and Latta, 1965; and




Barajas, 1966) and in Juxtaglomerular cell

tumours

(Mac Callum, Conn and Baker, 1973 ; and Barajas,Bemnett

Conner and Lindstrom, 1977) than in normal

protogranules have geither rhomboid profile

angles in some species, such as man and mo

kidneys. The
with sharp

ey, Or are

oval in shape in other apecies such as rat(Barajas ,

1966} . Other granular forms are also preaent in the

juxtaglomerular granular cells e.g., sacs containing

geveral protogranules observed near Golgi region, and

conglomerates, where the protogranules retain their

individual cryslalline pattern , These latter types have

been interpreted as representing intermediate forms bet-

ween the protogranulea in the Golgi region

and the large

amorphous ™ mature granules " in the cytoplasm, and in

some ococasions contain areas of periodicity(Barajas and

Latta, 1965 ; and Barajas, 1966 ).

As mentioned previously, the juxtaglomerular ;ran-

ular cells are cytologically distinctive in that thay

also contain myofibrile and attachment bodies. The jquan-

tity of these satructures varies with the

location of

the cell and thua, they are more abundant in the Ju:ita-

glomerular granular cells of the afferent arteriole in

the more distal pertion of the glomerulus i.e., near

the urinary pole,In some instance profiles

cells that contsin no granules are indistin

of juxtajlomerular

guishable from

the neighbouring smooth miascle cells . Serial secti.ons ,




however, reveal the characteristic granules at some

other level (Barajas , 1970) .

The controversial results have provoked a question
mark concerning the relation of the granules to renin
secretion. There is no definite evidence for the exoc-
ytotic release of granules. In many studies, areas of
increased density have been obaerved extracellular near
the juxtaglomerular cells after adrenalectomy ( Peter,
1976) and renal nerve stimulation ( Taugner, Forsamann,
Billich, Boll, Ganten and Seller,1978). These findings
have been interpreted as suggestive of exocytosis ,

A similar interpretation have been given to the obser-
vation made by Freeze-fracturing experiments (Taugner

et al.,1978) .

Casual observation of the vascular component of
the juxtaglomerular apparatus reveals that many cells
of this component do not contain granules. The morpho-
logic characteristics of these " agranular cells ™ vary
with their location ; viz, in the afferent arteriole ,
they are indistinguisheble from typical arteriolar sm-
ooth muscle cells, whereas in the extraglomerular

mesangisl region the characteristic fea-

tures of these cells are scantiness of cytoplasa and




thin interlacing processes that are separated by basement
. membrane material., Thus, the name " lLacis " was given by
Oberling and Hatt(1960). The " agranular cells " corres-
pond to the cells of the polkissen of Zimmermann(1933 )
and to the pseudomeissnerian cell of Goormaghtigh(lSﬁS).
The term extraglomerular mesangial cells appears most
appropriate because they are morphologically similar to
the intraglomerular mesangial cells and are located in
a region of the juxtaglomerular apparatus that is cont-
inuous with the intraglomerular mesangium (Barajas,1979).

It is important to note that the juxtaglomerular
granular cells are also present in the extraglomerular
mesangium and that they increase in number under certain
experimental conditions such as adrenalectomy and renal
artery constriction. Granular cells could alao be obae-
rved under those conditions in the intréglomerular meaa-.
nglum ( Goormaghtigh and Grimson, 1939 ; Dunihue and Bo-
ldosser, 1963 ; and Barajas, wang, Bennett and Wilburn ,
1976) . Iﬁ renal artery comstriction, they were observed
antero=-irferiorly to the glomerulus relatively close to
the hilua. It was not certain if the increase in granular
cells represented an increase in the size and granularity
0f the already existing extraglomerular mesangial granular

cells with the extension of their granulated processes




into the glomerular tuft, or otherwise due to the

development of renin granules in the previously
agranular extra and / or intraglomerular mesangial
cells as has been reported by Dunihue anq Boldosser
(1963) on massive transformation of 1ntr#glomerular
ones in the chronically adrenalectomisad§cat .

A basement membrane inter-separates the cells
of the vascular component on most of their surfaces,
but gap junctions have been demonstrated between
different cell types of the vascular compnent of
the juxtaglemerular apparatus{Boll, Porsémann and
Taugner., 1975) as well as the intraglomerular and
extraglomerular mesangial cells ( Pricam, Humbert,
Pesaselet and Orci, 1974) . This finhing raised the
possibility of electrical coupling of the cells of
the wvascular pole of the glomerulus and the cells
of the glomerular tuft (Barajas, 1979) .

Oberling and Hatt(1960) studied the ultrastructure
of theaé cells in the rat and found that their cytop-
lasm appeared devoid of dense oamiophilic membrane-
bound granules characteristic of the granular cells ,
but they contained some mitochondria, Golgi membranes,

and sometimes small dense cytoplasmic bodies. As well,




they had some fibrillar bundles and attachment bodies
at th§ cell membrane ; furnishing evidence for a

relationship to some muscle cells. The latter authors
added that these cells had cytoplasmic projections and
formed a complex neiwork at the hilus of the glomeru-

lus.

In human juxtaglomerular apparatus, complexes
formed by erdered crystalline material associated
with droplets or granules and irregular granular
material have been found . These granule& did not
correspond to the specific granules seen%by light
microacopy( Barajas, Sampson and latta, i965) and,
instead, they resembled lipofuscin (Biava and West,
1965) » The latter authors stated that these lipof=-
uscin- like complexes have also been found in gran-
ular cells and mesangial cells ( Barajas and Latta,
1967) , and in smooth muscle cells of arteriolar
walls in other human tissues (Biava and *eat.1965).

Oberling and Hatt (1960) and Bucher and Reale
(1961) concluded that a relationship between the
granular and agranulsar cells might exist as indica-
ted by their similarities in fine structures, as

well as by the observation of intermediate forms




and the mixture of cell types. As well, bundles
of fibrils and attachment bodies, characteristic
of smooth muacle in the wall of arterioles, were

seen in both types of cells.

The macula densa is a specialized portion of
the distel tubule as it approaches the hilus of

the glomerulus and is in contact with th

vascular

component of the Jjuxtaglomerular apparatus. With
the use of light microscopy, it is characterised
by the accumulation of nuclei ( Peter, 1907 and
Zimmermann, 1933) that may be piled up or simply
closer to each other than in the cells of the adje
acent parts of the distal tubule, apparently due
'to the cells being narrower in the macula densa .
Another distinctive feature of the macula densa by
light microscopy , is that the Golgl app tus 1is
located between the nucleus and the basal or lat-

eral regions of the plasma membrane (McManus,1943).

Histochemical atudies have demonstrated marked
enzymatic activity in the macula densa for glucose-
6~ phosphate dehydrogenase and 6-phosphogluconate
dehydrogenase as compared to a very little activity
in the adjacent distal tubule regions (Hess and Gross,




1959 and Hess and Pearse, 1959 ). The authoru also
reported on an increase in the enzymatic #ctivity

of glucose~b-phosphate dehydrogenase in kidneys with
high renin content such as the ischaemic kidney in
rate with unilateral renal hypertension, or after
adrenalectomy. ..Conversely, a marked decrease of
the enzymatic activity waa observed in renin depleted
kidneys of rats given large doses of deoxycorticost-
eroﬁe or saline (Hess and Gross, 1959) or in the con=-
tralaterasl kidneny in renal hypertension( Hess and
Pearse, 1959) . More recently, the enzyme sodium =
potaseium adenosine triphosphatase ( Na-K-ATP ase )
has bheen histochemicaly demonstrated in parts of the
distal tubule other than the macula densa ( Beeuwkes
and Rosen, 1975 ; and Beeuwkea.'shahod and Rosen ,
1975) . The lack of NapK~QTP ase activity in the mac-
ula densa probably means that there is a relative
decrease of the enzyme in the plasma membrane of its
cells. This might cause the cytoplasm of the macula
densa cells to be more readily affected by the flu-
ctuations in the amount of sodium and potassium ions
in the tubular lumen, which in turn is consistent

with the gensory role proposed for the macula densa .




Electron microscope studies have revealed that
the mitochondria in the macula densa are short and
often more ovéid in shape than in the adjacent tub=-
ular cells (Latta and Maunsbach, 1962 ; Barajas and
Latta,1963 ; and Tisher Bulger and Trump,1968) . In
the rat, the mitochondria are acatferad throughout
the éytoplaam s While in man the mitochondria and
other cytoplasmic organelles are located between the
nucleus and the basal plasma membrane. The interdi-
gitations of the plasma membrane are less developed
than in other portion of the distal tubule and only
rarely enclose mitochondria. Cytoplasmic projections
extend from the basal part of the cells of the macula
densa at their site of contact with the vascular
component and the basement membrane of the macula
densa, in the contact area, fuse with that of the
vascular component and appears continuous with the
bﬁsement menmbrane that surrounds the granular and

agranular cells .

The close anatomical relationship between the
tubular and vascular componenta of the juxtaglomerular
apparatus agrees with theories that assign this stru-

cture a role in renal autoregulation. It inspired the
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early histologists to suggest that the j
erular apparatus was involved in the regu
the glomerular circulation and is a key c
of the elaborate and experimentally suppo
ories of renal autoregulation proposed by
(1964) ; and Guyton, Langston and Navar
In the same connection, the " macula dens
thesis " for the control of renin secret
resting heavily on the close anatomical
ships between the tubular and vascular co
This hypothesis was propounded by Goorma
(1939 and 1945) who proposed that the ma
densa might act as a sensor to regulate
secretion by the juxtaglomerular granular
Later studies established that the juxtag
cells are the site of synthesis and sto

renin . Physiologic experimentation, sta

ula densa is involved in the control of re

etion ( Davis and Freeman, 1976) .

The functional considerations of the juxta =
glomerular apparatus have stimulated anatomists

to investigate the precise morphological rE}ati-

onship between its tubular and vascular components.
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Rlucidation of the anatomical features of
ycture is likely to cast light on its poss
in tubuloglomerular feedback and on the me
by which the macula densa affects renin se
Contact of the distal tubule with the affe
arteriole and the extraglomerular mesangi
Polkissen ) was accepted and some authors
bed occasional contect with the efferent a
(McManus, 1942) . DeCastro and De la Pena
are considered the only investigators who
ated such a contact and called it an " aty
juxtaglomerular apparatus " . In the late 19508 ,
it was generally believed that the main feature of

t between

d the

the Juxtglomerular apparatus was the conta
granular cells in the afferent arteriole

distal tubule ( macula densa ) .

The hard plastic, in which the tissue is embedded

for electron microscopy , also facllitates cutting
thin sections for appropriate staining and study wifh
the light microscope. These technical improvement led
to a detailed investigation of the tubulovascular rel-

ationships at the hilus of the glomerulus

using serial semithin sections of plaatic




tissue stained with to luidine blue( Barajas and
Latta, 1963) .

Free hand clay recomatruction of sev?ral Jux-
taglomerular apparatuses were made from t#e light
microscopic photographs. A new observati%n shown
by the reconstruction was a long and constant ass-
ociation between the distal tubule and th4 efferent
arteriole. In contrast, only a short cont#ct betw-
een the distal tubule and the afferent ar#eriole
was observed. Detailed studies revealed t#at the
juxtaglomerular granular cells were predo#inant in
the afferent arteriole, but were present ﬂn lessger
numbers in the efferent arteriole. These 4bservations
have been confirmed with the electron mic#oscope and
gupported the involvement of the efferent arteriole
as a part of the juxtaglomerular apparatuJ(Barajaa,
1979) .

A light microscopic study ( Faarup, 1965) confi-
rmed the obligatory contact of the distal tubule with
the efferent arteriole and also described contact
between the distal tubule, in its intercalated part,

and the afferent arteriole. However, the macula densa




was found to be approximately equal in itas contact
with the efferent and afferent arteriole. The diff-

erence between the two studies may be due to the fact
that Paarup (1965) studied the subcapsular and juxt-
ameduallary nephrons, whereas Barajas and Latta(1963)
studied only the superficial nephrons (Barajas,1979).

In the same context, Christensen, Meyer and Bohle
(1975) studied the tubuloevascular contact in man at
the light microscopic level. They concluded that the
amount of contact of the macule densa with the aff-
efent arteriole was twice that of the efferent art-
eriole and étated that there was a subatantially more

contact of the macula densa and afferent arteriole

than reported for the rat . Although species difference
might be responsible in some measure for the more
extensive contact reported in man, technical factors
might also play a role. (Barajas, 1979). Thus, light
microscopy provides a general topographic ew of the
juxtaglomérular apparatus, but the analysis of the
degree of contact involves the clear visualization of
basement membrane and all processes that quire the

resolution of the electron microscope(Barajas,1970).
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Serial sections made from electron microascope
studies have shown that the contact of the tubular
and vascular components was of two types (Barajas,
1979) . In one type, observed in the extraglomerular
mesangial region and the beginning of the efferent
arteriole, the basal portion of the macula densa
presented irregular cytoplasmic projections towards
the vascular component. In addition, the basement

membrane of the macula densa appeared continuous

with that of vascular component with fo tion of
a net work. The second type of contact, consisting
of a simple apposition of the basement membranei ’
wags observed most frequently between the distal tub-

ule and the glomerular arterioles .




