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The term juxtaglomerular apparatus signifies specially differentiated
cell groups of different origin and morphology, which are situated in or near
the vascular pole of the glomerulus. Of the various components of the appa-
ratus, the cells with granulated cytoplasm (JGC) which are to be found in the
afferent glomerular arterioles have been most extensively studied. As far back
as in 1938 did Goormagiitigh assume these cells to perform asecretory function;
recent investigations have borne out the correctness of this assumption by
demonstrating that the JGC granules possess hormone-like properties [7].

Hartroft and llartroft [8] have shown that the so-called juxtaglome-
rular granulation index (JGC index), i.e. the figure indicating the incidence
of these cells and the degree of their granulation, varies inversely with the
blood sodium level as also with the width and lipid content of the zona glome-
ridosa. According to Hartroft [9], Tobian [12], and others [1, 13, 14], an
in\erse relation exists between the intrarenal blood pressure and the height
of the JGC index. Endes et al. [3] observed arise in the index and an increase
in the width of the zona glomerulosa after having experimentally damaged
the hypophyseal stalk and the tuber cinereum. They examined, moreover,
the changes induced in the JGC by heminephrectomy [4] and observed JGC
hyperplasia and hypergranulation in the kidney of persons who had died
of shock-induced renal lesions [5]. Recent investigations seem to support
the assumption that renin or its precursor is produced in the JGC [2, 10, 11].

Literature contains no information as to whether the JGC are active
in utero or in extrauterine life only. To clear the problem nee have studied the
appearance of granulated cells in the course of ontogeny.

Material and method

N total of 44 albino rats of our own stock were used. The age of the animals was between
1 day and 60 days, the length of the foetuses varied from IS to 20 mm. The removed kidneys
were fixed in neutral formol, embedded in paraffin and stained with Endes’ combined tri-
chrome [6]. Of each kidney, two separate sections made in the largest sagittal plane were
examined under a 600 X magnification. We measured the frequency of the occurrence of gran-
ulated cells and the degree of their granulation by means of the Hartroft’s index-method
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slightly modified in our Institute. Accordingly, the total number of glomeruli, as found in the
four renal sections per animal, was referred to the number of granulated cell groups found in
the same four sections, and the degree of granulation was also considered. We obtained, in this
way, values which applied to about 800 to 900 glomeruli per animal.

Results

No granulated cells were encountered in any section made of foetal organ.
Renal tissue showed gradual differentiation in the sections obtained front 1 to
14-day old animals without, however, granules appearing in the JGC. Granu-
lated cells did not appear before the 14th day of extrauterine life; the average

Table 1
i Average
Age of animal No. JGC%ndex of JGC igndex
%
Fetuses
Newborns 29 0 0
1 0.63
14 days 2 0.55 0,48
3 0.27
1 2.45
15 days 2 1.95 1.98
3 1.56
1 3.97
16 days 2 2.19 2.70
3 1.96
1 7.70
30 days 2 9.00 7.64
3 6.20
1 22.80
60 days 2 22.89 23.21
3 23.94

Fig. 1
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index amounted to 0.48 per cent at that age and rose gradually thereafter
(Table 1). As seen in the diagram in Fig. 1,the index rose rapidly until the 16th
day of life, and did so slowly subsequently. The index of 60-day old rats showed
the same value as that of the adult controls. This means that the full develop-
ment of the JGC had been reached at 60 days. Student’s “t” test showed the
differences between the indexes, determined at different stages of ontogeny,
to be significant, with a standard deviation below 0.1 per cent.

Discussion

The present investigations have made it evident that, in the rat, granules
appear in the so-called granular cells of the juxtaglomerular apparatus on the
14th to 15th day of extrauterine life; their number increases gradually there-
after, to reach that of the adult controls at the end of the second month.
The gradual differentiation of the JGC may be regarded as an additional proof
that the kidneys reach full morphological and functional maturity during
extrauterine life only, in the course of their adaptation to environmental
conditions. The question arises whether the appearance of the cells with gran-
ulated cytoplasm coincides with the onset of JGC function. It may be assumed
that — as is the case with other endocrine organs — the appearance of granules
in the JGC indicates that phase of development in which cellular secretion
exceeds the requirements of the organism so that the secretion accumulated
and stored in the cytoplasm becomes demonstrable. It seems however more
probable that the granules represent the morphological substrate of JGC
function, or, in other words, that that function depends on the appearance of
granules. The full elucidation of the problem needs further investigations.

Summary

The time of appearance of the granular cells of the juxtaglomerular apparatus has
been studied. The kidneys of 44 albino rats their age ranging from intrauterine life to the
60th day of extrauterine life have been examined. The first granules were found to appear
on the 14th day of extrauterine life (index of frequency and granulation: 0.48 per cent) and
to reach the value of adult controlls at 60 days (index: 23.21 per cent).

REFERENCES

1. Bohle, Jl., Tomsche, K. (1953): Das Verhalten der epitheloiden Zellen der Vasa
afferentia der Nierenkdrperchen bei experimenteller Hypotonie. Beitr. path. Anat. 113,
399—413. 2. Demopoulos, Il., Kaley, G., Zweifach, B. (1960): The histologic distribution
of renin in the kidneys of the rat. and rabbit. Amer. .1. Path. 37, 443. — 3.Endes,P.,Dévényi,l.,
Gomba, Sz., Halasz, B. (1960): The granulated cells of the juxtaglomerular apparatus in expe-
rimental lesions of the hypophyseal stalk and of the hypothalamus. Acta morph. Acad. Sei.
hung. 9, 385—388. 4. Endes, P., Dévényi, |., Gomba, Sz. (1962): Experimentelle Beein-



54 GY. DAUDA and P. ENDES

jlussung der granulierten Zellen des juxtaglomeruldren Apparates durch Heminephrektomie
und bilaterale Ureterligatur. Virchows Arch. path. Anat. 336, 40—45. — 5. Endes, P.,
Simarszky, J. (1962): Die Verdnderungen der juxtaglomeruldren granulierten Zellen in der
menschlichen Schockniere. Virchows Arch. path. Anat. 336, 33—39. — 6. Endes, P. (1954):
Kombinalt trichrom festes. Kiséri. Orvostud. 6, 479. — 7. Feyrter, F. (1940): Uber die Endo-
krinie der menschlichen Niere. Virchows Arch. path. Anat. 306, 135—174. — 8. Hartroft,
P. M., Hartroft, W. S. (1955): Studies on the renal JG cells. J. exp. Med. 105, 205—212. —
9. Hartroft, P. M. (1957): Studies on the renal juxtaglomerular cells, I1l. The effects of
experimental renal disease and hypertension in the rat. J. exp. Med. 105, 501 -508. — 10.
Peart, W. S., Gordon, D. B., Cook, W. E., Pickering, G. W. (1956): Distribution of renin
in the rabbit kidney. Circulation. 14, 981—982. — 11. Pitcock, J. A.,, Hartroft, P. M.,
Newmark, L. (1959): Increased renal pressor activity (renin) in sodium deficient rats and cor-
relation with juxtaglomerular cell granulation. Proc. Soc. exp. Biol. (N. Y.) 100, 869—870.

12. Tobian, L., Thompson,J., Twedt, R.,, Janecek,J. (1958): The granulation of juxtaglome-
rular cells in renal hypertension, desoxycorticosterone and post-desoxycorticosterone hyper-

tension and adrenal insufficiency. J. clin. Invest. 37, 660—671. — 13. Tobian, L. (1960):
Interrelationship of electrolytes, juxtaglomerular cells and hypertension. Physiol. Rev. 40,
280—312. — 14. Tovian, L., Janecek, J., Tomboutian, A. (1959): Correlation between gra-

nulation of juxtaglomerular cells and extractable renin in rats with experimental hypertension.
Proc. Soc. exp. Biol. (N. Y.) 100, 94 -96.

BEITRAGE ZUR ONTOGENESE DER GRANULIERTEN
ZELLEN DES JUXTAGLOMERULAREN APPARATES

GY. DAUDA und P. ENDES

Es wurde untersucht, zum welchen Zeitpunkt die granulierten Zellen des juxtaglome-
ruldren Apparates im Laufe der individuellen Entwicklung erscheinen. Die Nieren von 44
Albinoratten wurden von der Embryonalzeit an bis zum 60. Tag des extrauterinen Lebens
aufgearbeitet. Die Granulaerschienen am 14. Tage des extrauterinen Lebens, mit 0,48 Index% -
IL&ufigkeit, und erreichten am 60. Tag den Durchschnittswert der ausgewachsenen Kontroll-
iere mit einem Indexwert von 23,21%.

OAHHBIE K OHTOIEHE3Y T[PAHYJ/IMPOBAHHbLIX K/ETOK HKCTAIJIOME-
PYNTAPHOIO ATTMAPATA

Ob. OAYLA u M. EHAEL

M3yyancsa Bonpoc 0 TOM, YTO B XO4e WHAWBUAYA/IbHOr0 pPasBUTUS KOrfa MosiBASOTCA
3ePHbILLKM B 3epPHUCTbIX K/IETKAaxX KOKCTar/oMepyspHoOro annaparta noyek. ABTopbl o6pabaThbl-
Ba/M Mo4Yky 44 Kpbic-aIbBMHOCOB, HauMHas C 3MO6PMOHANbLHOro Bo3pacTa o 60. AHA BHema-
TOYHOM >XM3HW. 3epHbILK/ MOABAAKTCA Ha 14. AeHb BHEMAaTOYHOM XXM3HW, YacTOTON nokasa-
Tensa B 0,48%, focTturas cpefHUX Be/MUUH PasBUTbIX KOHTPOSIbHbLIX XMUBOTHbIX K 60. [AHHO,
Korfja nokasaTteflb paBeH 23,21%.
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