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Summary. 49 juxtaglomerular apparatuses were examined using 1.9 ~ thick Giemsa- 
stained serial sections from human renal tissue embedded in plexiglass. In 43 juxtaglomerular 
apparatus the direct contact areas between the different juxtaglomerular structures and the 
basal area of the macula densa were calculated. A positive, significant correlation was found 
between the size of the macula densa and the direct contact area between macula densa and 
Goormaghtigh's cell field on the one hand, and between the macula densa and the direct con- 
tact area between Goormaghtigh's cell field and the afferent arteriole on the other. There was 
also a significant, positive correlation between the direct contact area of Goormaghtigh's cell 
field with the macula densa and that of Goormaghtigh's cell field with the afferent arteriole. 
On the efferent side none of these correlations were significant. Thus a "flow of information" 
from the macula densa via the Goormaghtigh cells to the afferent arteriole is morphologically 
possible. The direct contact areas between macula densa and the afferent or the efferent 
arterioles were not correlated with any of the other parameters. Epithelioid cells were present 
in the interlobular arteries, prior to and within the juxtaglomerular apparatus in the afferent 
arterioles, as well as within and beyond the juxtaglomerular apparatus in the efferent arterioles. 

Key words: Reconstruction of the juxtaglomerular apparatus - -  Macula densa basal area - -  
Juxtaglomerular contact areas - -  Macula densa feedback mechanism - -  Goormaghtigh's cell 
field - -  Epithelioid cells. 

The juxtaglomerular  appara tus  of the m a m m a l i a n  k idney  consists of the hilar 
par ts  of the afferent and  efferent arterioles with their  epithelioid cells, the cells 
between the  hilar arterioles known  as the cell field of Goormaghtigh,  and  the 
macula  densa (Barajas and  Lat ta ,  1963, 1967; Bing, 1964; Faarup ,  1965; Bucher  
and  Riedel, 1966; Har t ,  1966; Meyer, 1971). 

The quest ion concerning the funct ion  of this appara tus  can now be answered 
insofar as i t  m a y  be ,assumed tha t  it  plays an  impor t an t  par t  in the regulat ion of 
body fluid and  sodium chloride, as well as in  renal  hyper tens ion (Goormaghtigh, 
1939; Tobian,  1960; Vander  and  Miller, 1964; Skinner  et al., 1964; Thurau  and  
Schnermann ,  1965; Schnermanne ta l . ,  1966; Bohle and  Sitte, 1966; Thurau ,  
1967; T h u r a u  et al., 1967; Tobian,  1967; Vander,  1967; Bohle, 1968; Meyer et al., 
1969 ; t t e lbe r  et al., 1970 ; Schnermann  et al., 1970; Thurau ,  1972 ; Thurau  st al., 
1972). 

At  present  the spatial  relat ionships between the  s t ructures  of the  juxta-  
glomerular  appara tus  are no t  clear, because there are contradictory findings and 
a lack of informat ion  about  the  size of the contact  areas between the  individual  
s t ructures  forming the  juxtaglomerular  appara tus  (Barajas and  Lat ta ,  1963; 
Faarup ,  1965; Barajas,  1970, 1971). 

* Supported by the Deutsche Forschungsgcmeinschaft. 
** Dedicated to Prof. Dr. Dr.h.c. Dr.h.c.E. Letterer on his 80th birthday. 
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T h e  p r e s e n t  s t u d y  was u n d e r t a k e n  to  p r o v i d e  a de t a i l ed  t o p o g r a p h i c a l  ana-  

lysis  of t h e  j u x t a g l o m e r n l a r  a p p a r a t u s  in  m a n  a n d  to  o b t a i n  m o r p h o l o g i c  meas-  

u r e m e n t s  as a basis  for  u n d e r s t a n d i n g  t h e  f u n c t i o n  of th is  p o r t i o n  of t h e  k idney .  

Mate r i a l  and  Methods  

Two morphologically normal kidneys with normal function were surgically removed for 
transplantation from two patients, 19 and 45 years of age. Immediately after finishing the 
surgical procedure, small blocks of tissue were prefixed in 4% formaldehyde, refixed in 2% 
OsOa, and embedded in plexiglass. From the kidney of the 19-year-old patient the tissue was 
deliberately taken from the subcapsular and juxtamedullary renal cortex as well as from 
Bertini's columns, while the specimens of the other kidney came from various cortical layers 
without regard to their localization. 

Histological examinations were carried out on 1.9 ix thick, Giemsa-stained serial sections, 
100 to 105 sections per series. The thickness of the sections was determined by means of 
transillumination interference microscopy according to Jamine and Lebedeff (Hale, 1958) 
by measuring the phase deviation with a Sgnarmont compensator. The mean thickness was 
1.9 ix, with a maximal range of 1.7 to 2.1 ix. 

From the first kidney we obtained serial sections from 40 juxtaglomerular apparatuses 
out of which 37 were measured systematically after taking microphotographs, at a final 
magnification of 370:1. From the second kidney we took serial sections from 9 juxtaglomerular 
apparatuses and measured 6 systematically. Seven serially sectioned juxtaglomerular appa- 
ratuses were drawn to scale in three dimension by the Norwegian etcher and painter 
H.Th. A. Bjaerke, the projection method was used starting from two tangents to Bowman's 
capsule running parallel 90 ~ apart (Fig. 1). 

In addition, a series of 100 sections 4 ix thick were made from paraffin embedded and 
PAS-stained renal tissue from the 19-year-old patient. This tissue had been taken parallel 
to a sagittal cut through the kidney, thus comprising the entire width of the cortex and the 
outer medullary zone. From this material we reconstructed 5 randomly selected nephrons 
from each of the subcapsular, intermediary, and juxtamedullary cortical layers. We followed 
the tubule from the ascending loop of Henle past the macula densa into the distal convoluted 
tubule and noted the direction of the hilar arterioles. With these 4 ix thick serial sections we 
also determined planimetrically the volume of 10 juxtamedullary and 12 subcapsular juxta- 
glomerular cell complexes composed of Goormaghtigh's cell field and epithelioid cells of the 
afferent and efferent arterioles (Meyer, 1972). 

The structures of the juxtaglomerular apparatus were defined as follows: 
The macula densa was considered as that  part of the distal tubule adjacent to the glomeru- 

lar vascular pole which was distinguished from the remaining distal tubule by narrow and tall 
epithelium with closely arranged nuclei (Zimmermann, 1933; Goormaghtigh, 1937). Goor- 
maghtigh's cells were the poorly delineated ceils in the angle of the hilar arterioles. These cells 
have only a small amount of cytoplasm and chromatin-rieh, spindle-shaped nuetei. The region 
occupied by these cells is called Goormaghtigh's cell field (Goormaghtigh, 1932). This cell 
field borders on the macula densa, the outer surface of the basal membrane of the parietal 
layer of Bowman's capsule at its junction with the glomerular capillary tuft,  and the hilar 
arterioles. Its border with the mesangium of the hilar region of the renal corpuscles was 
arbitrarily assumed to correspond to the transition from the parietal to the visceral layer of 
Bowman's capsule (Fig. la) .  Where Goormaghtigh's cell field did not border on any of these 
structures, the transition of the dense arrangement of cell nuclei to a loose arrangement of 
nuclei of interstitial connective tissue was taken to be its boundary. 

In  order to clarify how the different structures of the juxtaglomerular apparatus are in 
contact with each other and how large these contact areas are, measurements were first made 
in each section of each series of the direct contact lengths between: 

1. maeula densa and the Goormaghtigh cells, 
2. the Goormaghtigh cells and the afferent arteriole, 
3. The Goormaghtigh cells and the efferent arteriole, 
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4. macula densa and the afferent arteriole, 
5. maeula densa and the efferent arteriole. 

The basal area of the maeula densa was also measured. 
The direct contact areas between the structures of the juxtaglomerular apparatus were 

calculated from the length of contact, taking into account the number of tissue sections and 
their mean thickness. 

I t  is not possible to obtain mathematically exact measurements of the contact areas due 
to the histological and technical factors affecting the structures. Therefore, the values ob- 
tained are approximate and are used for the purpose of comparison. 

The data was examined statistically. In all the series it fulfilled the statistical requirements 
for normal distribution, and a collective evaluation of the data of all 43 juxtaglomerular 
apparatuses seemed justifiable. In order to find statistically significant correlations we used 
Spearman's rank correlation. For testing whether linear or exponential correlations were 
present, classical correlations were drawn up if it seemed appropriate on the basis of the 
measurements, a :  0.05 was chosen as the level of significance. 

In 31 randomly selected nephrons the mean cell number of the macula densa was deter- 
mined. For this purpose, all macula densa nuclear cuts from each individual macula densa 
were first determined as well as the number of sections through 10 nuclei of each macula densa. 
The quotient of these two counts gave the cell number for each macula dcnsa. 

Results 

Our measurements  and  reconstruct ions showed: 
1) I n  all 49 examined jux tag lomerula r  apparatuses  there was always an ex- 

tensive direct  contact  between the macula  densa and  Goormaghtigh 's  cell field. 
I n  addit ion,  the macu]a densa was in  direct contact  with the afferent arteriole in  
47, and  with the  efferent arteriole in  46 out  of 49 examined juxtaglomerular  
apparatuses.  Both  arterioles were always in  direct contact  with Goormaghtigh 's  
cell field (Fig. 1). 

2) The macula  densa s t ructure  was no t  l imited to the contact  areas between 
the  distal  tubu le  and  Goormaght igh 's  cell field and  the hilar arterioles. Related 
to the  t ransverse  section of the  tubule ,  it  invar iab ly  extended beyond the contact  
areas with Goormaght igh 's  cell field and  hilar  vessels. Outside these contact  areas 
the macula  densa bordered on per i tubular  capillaries or per i tubular  inters t i t ia l  
tissue (Fig. 2). I n  the area of contact  between the maeula  densa and  Goormaghtigh 's  
cell field or the  hilar arterioles, no per i tubular  capillaries or inters t i t ia l  tissue 
were demonstrable .  

3) The m e a n  n u m b e r  of maeula  densa cells found in 31 r andomly  selected 
nephrons  was 51. The mean  basal  surface of a macula  densa cell thus  worked out  
a t  ca. 100 ~z ~. As a control the  edge length of 5 macula  densa cells in each of 
10 distal  tubules  was measured.  The ar i thmetr ical  mean  for the  edge length of 
a macula  densa cell was 13.5 ~z. 

4) I n  the  region of the macula  densa the t ubu la r  lumen  was found to be wider 
in  40 out  of 49 juxtaglomerular  apparatuses  examined t h a n  in  the  preceeding and  
following parts  of the distal tubule  (Fig. 1). Small, hernia-l ike protrusions covered 
with macula  densa epi thel ium were observed in the distal  tubule  in 14% of the 
jux tag lomerula r  apparatuses.  This s t ructure  enlarged the contact  area of the 
macula  densa with Goormaghtigh 's  cell field. A similar type  of protrusion can be 
found in other  parts  of the distal  tubule  (Peter, 1907), covered, however, with 
normal  t ubu l a r  epithelium. 

7* 
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Fig. l a  c. Scale reconstruction (190:1) of the vascular pole of a glomerulum with juxta- 
glomerular apparatus from 1.9 ~ thick, Giemsa-stained serial seetions. (a) From above, 
(b) from the left, (e) from the right. The flow direetion of blood and urine is marked by arrows. 
The Goormaghtigh cells in the angle between the two arterioles, the cell nuclei of the macula 
densa and in the remaining part of the tubule are shown. The epithelioid cells of the hilar 
arterioles are not shown. In the background (a), left and right (b and e) of the vascular pole 
the outer surface of Bowman's capsule. The arbitrary border between Goormaghtigh's eell 
field and the mesangium (drawn lightly) is indicated in Fig. 1 a and b by the contour of 
Bowman's capsule between the hilar arterioles. Note the widening of the distal tubule in the 

maeula densa region 

5) The entire basal area of the maeula  densa averaged about  5300 ~z 2, the 
mean  direct contact  area between Goormaghtigh 's  cell field and  the maeula  densa 
only 2 060 [z ~. Thus only 39 % of the tota l  basal area of the maeula  densa was in 
contact  with Goormaghtigh 's  cell field. Assuming tha t  the normal  k idney  con- 
sists of 100 nephrons,  the total  basal area of all maeulae densae of one k idney  is 
equivalent  to the size of a square with sides about  7 em long. 

6) There was a positive, l inear  correlation (p < 0.0005) between the size of the 
basal  area of the  macula  densa and  its contact  area with Goormaghtigh 's  cell 
field. The size of the basal area of the maeula  densa was, however, no t  
correlated with the size of the direct contact  area between the maeula  
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Fig. 2. Juxtaglomerutar apparatus with epithelioid cells in the afferent arteriole, Goor- 
maghtigh's cell field, macula densa, and the efferent arteriole. Note: (a) the direct, contact 
between the afferent arteriole and macula densa, (b) a maeula densa structure on both sides 
of the conta.ct zone with the afferent arterioles, (c) the presence of epithelioid ceils in the 
afferent arteriole outside the area of contact with the macula densa, (d) interstitial tissue 
between the efferent arteriole (left) and macula densa, (e) Goormaghtigh's ceil field in contact, 
with the afferent arteriole and macula densa. Section thickness 1.9 ~, Giemsa staining, 695: t 

densa and  the  afferent  ar ter io le  ( 0 . 1 0 > p > 0 . 0 5 )  or the  efferent  ar ter io le  
(0.40 > p > 0.30). 

7) The  larger  the  Goormagh t igh ' s  cell field, the  more  extens ive  was the  area  
of d i rec t  con tac t  wi th  t he  macu la  densa  and  also the  d i rec t  contac t  a rea  wi th  the  
afferent  a r te r io le  ( 0 . 0 0 5 > p > 0 . 0 0 2 5 ) ,  b u t  no t  wi th  the  efferent  ar ter io le  
(0.10 > p >  0.05). The  d i rec t  con tac t  a rea  be tween  the  Goormaght igh  cells and  
the  af ferent  a r te r io le  was on average  1050 [~2. I t  was a b o u t  t~dce as large as t he  
con tac t  a rea  be tween  Goormagh t igh ' s  cell f ield and  the  efferent  ar ter io le  (600 ~s). 

8) The  walls  of bo th  h i la r  ar ter io les  m a y  conta in  epi the l io id  cells. I n  bo th  
ar ter ioles ,  wi th in  t he  j u x t a g l o m e r u l a r  appa ra tu s ,  t h e y  were s i t ua t ed  ma in ly  in  
t he  con tac t  zone be tween  the  ar ter io le  and  Goormagh t igh ' s  cell f ield and  less 
f r equen t ly  be tween  the  ar ter io le  and  maeu la  densa.  The  afferent  ar ter ioles  con- 
t a i ned  epi the l io id  cells more  of ten (in 47 out  of 49 j ux t ag lomeru l a r  appara tuses )  
and  in g rea te r  n u m b e r  t h a n  the  efferent  ar ter ioles  (in 26 out  of 49 jux tag lomeru ta r  
appara tuses ) .  The  presence of epi the l io id  cells in t he  walls of the  h i la r  ar ter ioles  
was no t  confined to  t h e  con tac t  of the  ar ter io le  wi th  t he  Goormaght igh  cells 
or  wi th  t he  maeu]a  densa,  since t h e y  were found  also in pa r t s  of the  ar ter iole  no t  
border ing  on e i ther  of t h e  two  str Fu r the rmore ,  epi thel io id  cells occurred 
along the  af ferent  and  efferent  ar ter io les  beyond  the  j ux t ag lomeru l a r  a p p a r a t n s  
(Fig. 3) a n d  oeeasionMly in t he  in te r lobu la r  ar ter ies .  
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Fig. 3. Juxtaglomernlar apparatus with macula densa (rod), the afferent arteriole and Goor- 
maghtigh's ceil field. The afferent a~rteriole in longitudinal section with numerous epithelioid 
cells in the wall, up to i20 ~ distant from the macula densa (arrows). Goormaghtigh's cell 
field appears between the afferent arteriole and macula densa. Section thickness 1.9 ~. 

Giemsa staining, 370:1 

9) The  mean  volume of a single j u x t a g l o m e r u l a r  cell complex (Goormaght igh  
cells and  epi thel io id  cells) p l an ime t r i ca l ly  de t e rmined  in the  k idney  of the  19-year- 
old pa t i en t  was 29 000 Vs. 

10) There  w~s an  inverse flow of b lood and  ur ine in the  region of the  jux ta -  
g lomeru la r  appa ra tu s ,  which could be d e m o n s t r a t e d  on the  15 nephrons  recon- 
s t ruc t ed  f rom the  P A S - s t a i n e d  series. 

Discussion 

This r epo r t  p resen ts  for  t he  f irst  t ime  morphome t r i ca t l y  der ived  re la t ionships  
for  t h e  s t ruc tures  of t h e  j u x t a g l o m e r u l a r  a p p a r a t u s  in the  no rma l  h u m a n  k idney.  
An  inverse  flow of b lood and  ur ine  wi th in  t he  j ux t ag lomeru l a r  a p p a r a t u s  has  been 
found  bo th  in the  h u m a n  j u x t a g l o m e r u l a r  a p p a r a t u s  and  in t he  r a t  (Bara jas  and  
L a t t a ,  1963 ; F a a r u p ,  1965). W h e t h e r  th is  observa t ion  is of funct ional  impor t ance  
or  mere ly  due to  an ontogenet ic  factor ,  we cannot  say. 

We cannot confirm that the findings of Barajas and Latta (1963), and Barajas (1970, 1971), 
in the rat kidney, which revealed a more extensive contact of the distal tubule with the efferent 
arteriole than with the afferent arteriole, also apply to the human kidney, if we confine our 
considerations to the direct, contact areas between the macula densa and hilar arterioles. 
Neither do our results agree with Faarup's (Faarup, 1965), who observed approximately 
equal contacts be4ween macula densa and both hilar arterioles in the rat. kidney. 

Ore- measu remen t s  show that, in m a n  the  d i rec t  con tac t  a rea  be tween  macu la  
densa  and  t h e  af ferent  a r te r io le  is a b o u t  twice  as large as t h a t  be tween  macu la  
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densa and the efferent arteriole. However, we do not think that  these relationships 
are of functional importance. We consider the direct contact between macula 
densa and the hilar arterioles to be a consequence of the close spatial arrangement 
of the structures of the juxtaglomerular apparatus. This statement is based on 
the findings: 1) the size of the contact area between the afferent or efferent 
arterioles and the macula densa did not correlate with either the size of the basal 
area of the macula densa or with Goormaghtigh's cell field, and 2) the inconstant 
presence of a direct contact between macula densa and the hilar arterioles found 
in the rat (Barajas and Latta, 1963, 1967 ; Faarup, 1965) and in man (Bohle st al. 
1970). 

If  an immediate transmission of information between the macula densa and 
one or both hilar arterioles is supposed, a direct contact between these structures 
would be expected to occur without exception. However, since Goormaghtigh's 
cell field is also according to several other authors (Goormaghtigh, 1937; Oberhng 
and Hart,  1960; Thoenes, 1961 ; Bing. 1964 ; Biava and West, 1966 ; Faarup, 1965 ; 
Bohle and Sitte, 1966 ; Bohle, 1968 ; Barajas, 1970, 1971 ; Bohle et al., 1970) always 
in contact with the macula densa as well as with the hilar arterioles, it is more 
likely that  information from the macula densa reaches the hilar arterioles via 
Goormaghtigh's cell field. Our measurements suggest that  the flow of information 
to the afferent arteriole is of decisive importance, because the size of the contact 
area between Goormaghtigh's cell field and the afferent arteriole correlates with 
the size of the contact area between Goormaghtigh's cell field and macula densa 
and with the basal area of the macula densa (Fig. 1). According to our investiga- 
tions only about half of the basal area of the macula densa borders on the hilar 
vessels and Goormaghtigh's cell field. In  relation to the transverse section of the 
tubule the macula densa projects mainly laterally beyond Goormaghtigh's cell 
field, i.e. macula-densa cells are present where neither Goormaghtigh cells nor 
hilar arterioles are in an immediate spatial relation to the early distal tubule. 
Whether this morphological behavior of the macula densa is of importance for 
the maintenance of an osmotic gradient between the content of the urinary tubule 
and Goormaghtigh's cell field, whose intercellular meshwork of basement mem- 
brane-like material according to Gomba and coworkers (1972) may serve to 
transport sodium, we do not know. On the other hand, the direct contact between 
the hilar vessels and the distal tubule does not in itself lead to the formation of a 
macula densa structure, even when the arterioIar walls contain epithelioid cells 
(Fig. 4). 

Our results also show that  the presence of epithelioid cells does not depend 
on the contact between the hilar arterioles and the macula densa or the Goor- 
maghtigh cells, since we observed epithelioid cells outside the juxtaglomerular 
apparatuses in 33 out of 49 afferent and in 5 out of 49 efferent arterioles examined. 
The widening of the distal tubule at the macula densa segment indicates that  the 
urinary flow in the region of the juxtaglomerular apparatus should be decreased, 
thus increasing the time of contact between the urine and the macula densa 
epithelia. This dilatation of the distal tubule in the macula densa segment has 
been described in previous observations by Peter (1907) and Biava and West 
(1966) in agreement with our findings. 
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Fig. 4. The afferent arteriole with several epithelioid cells in direct contact with the apper- 
taining distal tubule. Bottom left the glomerulus. Note that the direct contact between 
arteriole and the distal tubule does not evoke the formation of a maeula densa. Section 

thickness 1.9 ~, Giemsa staining, 695:1 

Our measurements  derived from the three-dimensional  reconstruct ion of the 
juxtaglomerular  apparatuses  provide a more detailed basis for fur ther  considera- 
t ions on the func t ion  of the  hilar  glomerular  region in  the  h u m a n  kidney.  

We ~re very grateful to ~r Zeiss, Oberkochen, Germany, for determining the thick- 
ness of the Giemsa-stained serial sections, to Mrs. Sch~ifer for technical assistance, and to 
the Institute of Medical Biometrics, University of Tiibingen (Head Prof. Dr. Geppert) for 
doing the statistical analyses. 

References 

Barajas, L.: The ultrastrueture of the juxtaglomerular apparatus as disclosed by three- 
dimensional reconstructions from serial sections. J. Ultrastruct. Res. 38, 116 (1970) 

Barajas, L. : Renin secretion: An anatomical basis for tubular control. Science ]72,485 (1971) 
Barajas, L., Latta, H. : A three-dimensional study of the juxtaglomerular apparatus in the 

rat; light and electron microscopic observations. Lab. Invest. 12, 257 (1963) 
Barajas, L,, Latta, H.: Structure of the juxtaglomerular apparatus. Circula.t. Res. 20/21, 

Suppl. II,  15 (1967) 
Biava, C. G., West, ~ .  : Fine structure of normal human juxtaglomerular cells. I. General 

structure and intercellular relationships. Amer. J. Path. 49, 679 (1966) 
Bing, J.: Morphological aspects of the renin-angiotensin-system. Dan. med. Bull. 1964, 24 

(Feb. 1964) 



Human Juxtaglomerular Apparatus 91 

Bohle, A.: Niere und innere Sekretion unter besonderer Berficksichtigung der Morphologie 
des juxtaglomerulgren Apparates. Verh. dtsch. Ges. inn. Med. 74, 41 (1968) 

Bohle, A., Meyer, D., Helmchen, U. : Neue Gesiehtspunkte zur Morphologie des Renin-Angio- 
tensin-Aldosteron-Systems. Med. Welt 21, 1631 (1970) 

Bohle, A., Sitte, H.: Der juxtaglomerulgre Apparat der Niere. In: Aktuelle Probleme der 
Nephrologie. (IV. Syrup. d. Ges. f. Nephrologie 1966, p. 3.) Berlin-Heidelberg-New York: 
Springer 1966 

Bueher, 0., Riedel, B. : L'appareil juxtaglom~rulaire du rein. Bun. Ass. Anat. 130, 43 (1966) 
Faarup, P. : On the morphology of the juxtaglomerular apparatus. Aeta anat. (Basel) 60, 20 

(1965) 
Gomba, Sz., Solt~sz, M. B., Szabo, J., Endes, P.: An electronhistochemical study on the 

distribution of sodium ions in the juxtaglomerular apparatus. Virchows Arch. Abt. B 11, 
284 (1972) 

Goormaghtigh, N. : Les segments neuro-myo-art@riels juxtaglom@rulaires du rein. Arch. Biol. 
(Paris) 43, 575 (1932) 

Goormaghtigh, N. : L'appareil neuro-myo-art4riel juxtaglomerulaire du rein; ses reactions en 
pathologie et ses rapports avec le tube urinif~re. C. R. Soc. Biol. (Paris) 124, 293 (1937) 

Goormaghtigh, N. : Existence of an endocrine gland in the media of renal arterioles. Proc. 
Soc. exp. Biol. (N.Y.) 42,688 (1939) 

Hale, A. J.: The interference microscope in biological research. Edinburgh-London: E. & S. 
Livingstone 1958 

Hart, P. u  L'appareil juxtaglom~rulaire. Presse m@d. 74, 2269 (1966) 
Helber, A., Meyer, D., Schiirholz, J., Bohle, A. : Zur Struktur und Funktion des juxtaglomeru- 

l~ren Apparates. Dtsch. reed. Wschr. 95, 2280 (1970) 
Meyer, D.: Normale und pathologische Morphologie des juxtaglomerulBren Apparates. In: 

Fortschritte der Nephrologie. VII. Syrup. d. Ges. f. Nephrologie, Tfibingen, 1970. Eds. 
A. Bohle and C. E. Schubert. Stuttgart: F. K. Schattauer 1971 

Meyer, D. : Morphometrische Untersuchungen am juxtaglomerulBren Apparat menschlicher 
Nieren. VerSffentl. aus der Morphologischen Pathologie, Heft 90. Stuttgart: Fischer 1972 

Meyer, D., Schfirholz, J., Bohle, A. : Morphologie des juxtaglomerulBren Apparates der Nieren 
bei normalem, erhShtem und erniedrigtem Blutdruck. In: Arterielle Hypertonie, Patho- 
genese - -  Klinik - -  Therapie. Eds. P~. Heintz and H. Losse (p. 45-53). Stuttgart: Thieme 
1969 

Oberling, Ch., Hart, P. Y. : Ultrastructure de rappareil juxtaglom6rulaire du rat. C. R. Aead. 
Sei. (Paris) 250,929 (1960) 

Peter, K. : Uber die NierenkanBlehen des Menschen und einiger SBugetiere. Anat. Anz. 80, 
Erg.-H. 114 (1907) 

Schnermann, J., Nagel, W., Thurau, K.: Die frtihdistale Natriumkonzentration in Ratten- 
nieren nach renaler IschBmie und hBmorrhagischer Hypotension. Pflfigers Arch. ges. 
Physiol. 287, 296 (1966) 

Schnermann, J., Wright, F. S., Davis, J. M., v. Stackelberg, W., Grill, G.: Regulation of 
superficial nephron filtration rate by tubulo-glomerular feedback. Pfliigers Arch. 818, 147 
(1970) 

Skinner, S. L., McCubbin, J. W., Page, J. H. : Control of renin secretion. Circular. Res. 15, 64 
(1964) 

Tobian, L. : Interrelationship of electrolytes, juxtaglomerular cells and hypertension. Physiol. 
Rev. 40, 280 (1960) 

Tobian, L. : Renin release and its role in renal function and the control of salt balance and 
arterial pressure. :Fed. Proc. 26, 48 (1967) 

Thoenes, W. : Zur Fcinstruktur der Macula densa im Nephron der Maus. Z. Zellforsch. 55, 486 
(1961) 

Thurau, K.: Intrarcnal regulation of sodium balance. Bull. Swiss Acad. med. Sci. 23, 363 
(1967) 

Thurau, K. : The juxtaglomerular apparatus: its role in the function of the single nephron 
unit. Int. Congress Series No. 268, p. 84-93, Modern diuretic therapy in the treatment of 
cardiovascular and renal disease. Syrup. Royal College of Physicions of London, May 8-9, 
1972. Amsterdam: Excerpta Medica 



92 J .A. Christensen et al. 

Thurau, K., Dahlheim, H., Griiner, A., Mason, J., Granger, P.: Activation of renin in the 
single juxtaglomerular apparatus by sodium chloride in the tubular fluid at the macula 
densa. Circulat. Res. 80/31, Suppl. I I  182, 1972 

Thurau, K., Schnermann, J.: Die Natriumkonzentration an den Macula densa-Zellen als 
regulierender Faktor fiir das (~lomerulumfiltrat. Klin. Wsehr. 43, 410 (1965) 

Thurau, K., Schnermann, J., Nage], W., Horster, M., Wahl, M. : Composition of tubular fluid 
in the macula densa segment as a factor regulating the function of the juxtaglomerular 
apparatus. Circular. Res. 20/21, Suppl. 2, 79 (1967) 

Vander, A. J. : Control of renin release. Physiol. Roy. (Wash.) 47, 359 (1967) 
Vander, A. J., Miller, R. : Control of renin secretion in the anesthetized dog. Amer. J. Physiol. 

207, 537 (1964) 
Zimmermann, K. W. : Uber den Bau des Glomerulus der S~ugerniere. Z. mikr.-anat. Forsch. 

32, 176 (1933) 

Prof. Dr. A. Bohle 
Pathologisches Institut 
der Universit~t Tiibingen 
D-7400 Tiibingen 
Liebermeisterstr. 8 
Federal Republic of Germany 


