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ABSTRACT

The papillae of five kidneys from four heart-beating cadaver donors (one 
child and three young adults) w ere studied using electron microscopy (EM) 
technique. The kidneys were made available for EM study after they were 
found unsuitable for transplantation owing to low antigen match. All papil
lae had interstitial cells (IC), stellate processes, and intracellular and free 
granules. The three types of granules observed were (1) homogeneously 
dark, (2) gray and (3) layered; the free (outside the IC) granules were identi
cal to the granules w ithin the IC. The child kidney had more IC but fewer 
granules than the adult kidneys. The granules are ultrastructurally identical 
to those found in the rat renal papilla. Since rat renal papillary granules have 
been im plicated as the source of renal vasodepressor substance(s), this 
ultrastructural resem blance suggests that hum an papillary interstitial 
granules likewise may be the source of renal vasodepressor substance.

Introduction

The m edullary and papillary interstitial 
cells in kidneys from normotensive and 
hypertensive rats have been  studied by 
num erous ind iv iduals.1,4,8,9, 11,12,16,17,21 
These interstitial cells (IC) have been im
p lic a te d  as th e  sou rce  o f the  ren a l 
vasodepressor substance(s) because 
m edullary  tran sp lan ts  red u ced  blood 
p ressure13' 14 and IC granularity was found 
to be reduced in experimentally induced 
hypertensive rats4,11,12,21 and in spon-
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taneously hypertensive rats.8,9 High con
centrations of prostaglandins (PGA and 
PGE) have been  found in the hum an renal 
papilla.23 Interstitial cells in the human 
m edulla have been described by other in
vestigators.3 The purpose of this report is 
two-fold: (1) to docum ent papillary inter
stitial granules in the normal hum an kid
ney, and (2) to delineate the similarities 
betw een these granules and rat papillary 
granules.

M aterials and M ethods

Five kidneys from four heart-beating 
cadaver donors were made available for
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TABLE I

C lin ic a l and Laboratory Inform ation  (24 Hours P r io r  to  Death)

A v e r a g e
A g e , B l o o d U r i n e S e r u m S e r u m S e r u m
S e x  & P r e s s u r e O u tp u t U r e a C r e a t i n i n e N a + /K +

No Nam e R a c e (mm Hg) m l / h o u r U r i n a l y s i s N i  t r o g e n m g / d l m E q /L

1 D.F. 20 WM 110/80 100 Protein-negative 
Hyaline casts 
(15-20/HPF)

22 137/3.4

2 H.L. 30 WM 100/70 100 Protein-trace 12 1.6 122/3.3
3 B.C. 21 WM 100/60 75 Protein-negative 

RBC (8-12/HPF) 16 1.7 144/4.4
4 K.E. 6 WF 100/78 40 Protein 1+ 19 0.4 143/3.8

electron microscopy (EM) studies after 
they were found unsuitable for transplan
tation. These kidneys were obtained from 
one child and three adults admitted to the 
University of Oklahoma Hospital. The 
causes for hospital admission included 
aspiration in the child and trauma in the 
adults. None had history ofkidney disease 
or hypertension. Clinical and laboratory 
information 24 hours prior to death (cere
bral death) is listed in table I. Nephrec
tom y was p e rfo rm e d  by en b loc 
technique. The adult kidneys were per
fused w ith C ollins Solution (artificial 
plasma) in a pulsatile perfusion apparatus 
(Waters X-100, console module) for a pe
riod of one to 12 hours. The child kidney 
was placed in “ slush” for 19 hours. Cold 
non-perfusion tim e did not exceed 90 
minutes for any of the adult kidneys. After 
the kidneys were deem ed unsuitable for 
transplantation, they were taken off the 
perfusion apparatus or out of “ slush” and 
brought im m ediately to the EM Labora
tory. Each kidney was cut transversely 
and the papillae were dissected out. One 
half to one mm pieces of papillae and of 
cortex were fixed in four percent glutaral- 
dehyde with phosphate (P 0 4) buffer (pH 
7.2) for EM study. A wedge extending 
from the cortex to the papilla was fixed in
10 percent formalin for light microscopy 
(LM) study.

LM St u d y

T hree to four micron sections were 
stained with hematoxylin and eosin (H &
E).

EM S t u d y

The tissues were post-fixed in one per
cent osmic acid with P 0 4 buffer (pH 7.2), 
dehydrated in alcohol solutions and em 
bedded in Spurr low viscosity media.18 
Thick sections were cut from the blocks, 
stained with m ethylene blue and azure II 
and examined with light microscope to 
select optim al areas for EM. W hen IC 
were recognized, thin (300°A) sections 
were cut and collected on copper and gold 
grids. Also, thin sections from glomeruli 
were collected on copper grids. The sec
tions on the copper grids were stained 
with uranyl acetate and lead citrate (UA + 
LC). The sections on the gold grids were 
stained with one percent periodic acid 
and m ethenam ine silver (PAMS).9 In ter
stitial cells were photographed on 2 x 2 
inch film; 8 X 10 inch prints were made 
for analysis of the findings.

Results

LM S t u d y

All kidneys were morphologically nor
mal. The interstitial space was not discern
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ib le in the  H & E stained  sections o f the 
papillae. H ow ever, m ethylene b lue-azure
II sta ined  thick sections d isp layed  cells 
w ith in  th e  in te rs ti tia l  space , som e o f 
w hich  con ta ined  granules (figure 1).

EM  S t u d y

In u nsta ined  sections of the papilla, the 
in terstitia l ce ll and its granules w ere d is
cern ib le  b u t the granular characteristics 
could not be determ ined .

In UA + LC sta ined  sections, two types 
of cells w ere found in  the in terstitium , IC 
and  fib ro b las ts . T h e  IC  w ere  c h a ra c 
te rized  by  long cytoplasm ic processes, 
m any  ro u g h -su rfaced  en d o p lasm ic  re 
ticulum , increased  nu m b er of ribosom es 
and one or m ore granules w ith in  the cell 
(figures 2, 3, and 4). N um erous stellate 
p ro c e s s e s  c o n ta in in g  one  or m ore 
granules w ere observed  throughout the 
in terstitium  (figure 5). T he child  kidney 
con tained  m ore IC, few er granules and 
few er ste lla te  processes than  the  ad u lt 
kidneys.

G r a n u l a r  M o r p h o l o g y

T hree types of granules w ere observed. 
T hey  w ere hom ogeneously  dark (figures 2 
and 4), gray (figures 3 and 5) and layered 
(figures 3 and 4). T he layered granule ex
h ib its  a d e n s e r  c e n tra l p art th a n  th e  
p eripheral part (figures 3 and 4) and an 
o u ter m em brane is often d iscern ib le  (fig
u re  4). T h e  s ize  o f  th e  in tr a c e l lu la r  
granule varied  from 0.35 to 1.03 fx and 
th e ir average size was 0.7 /x . All types of 
granules exh ib ited  a smooth o u ter border. 
In PAMS stained  sections, the granules 
exh ib ited  silver deposits as dark specks 
(figures 6, 7 and 8). No m em brane sur
round ing  any granule was observed in the 
PAM S s ta in e d  se c tio n . T h e  la y e r e d  
granules w ere infrequent, especially  in 
the  adults, and the layering was subtle 
(figure 4). G ranules w ere observed  mar- 
g inating  and p ro trud ing  through the cell 
m em brane (figure 8).

In  addition to b e in g  located w ith in  the 
in te rs titia l ce lls , g ran u les  w ere  found 
w ith in  the tu b u lar ep ithelium  (figure 9),

Figure 1. Light micro
graph of the thick sections 
from the papilla of the 
child kidney. Cuboidal 
cells line the thin limb 
(TL); co llec tin g  ducts 
(CD) reveal columnar epi
thelial lining and the in
terstitium (I) contains sev
eral interstitial cells. The 
dark particles (arrows) 
represent granules. Two 
capillaries (C) are seen. 
(Methylene Blue-Azure II 
x 800)
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Figure  2. An interstitial cell from an adult kidney shows a large nucleus (N) and several homogeneously 
dark granules around the nucleus. A part of another interstitial cell (IC) is seen at the top (right). In the 
interstitium (I), collagen fibers and smooth homogeneous material (arrows) adjacent to the interstitial cell are 
seen. (UA + LC x 6,000)

free in the  in te rstitiu m  (figure 10) and  
w ith in  the capillary endo thelia l cell (fig
ure 11). T he free (outside the  IC) granules 
w ere found to be located  ad jacen t to in te r
stitial cells or ste lla te  processes (figure 10) 
and along tubu lar and  capillary basem ent 
m em branes or w ith in  the tubu le  and  the 
capillary. T he size o f the  free granule var
ied from 0.24 /x to 0.97 ¡x w ith  an average 
of 0.72 ix . T he ultrastructure of the  free 
granule was identical to that of the  granule 
w ithin the IC. In  the thin limb of the loop 
of H enle and distal tubule, lipid droplets 
resem bling  gray granules, cytosom es and 
a m em brane b o u n d  lipofuscin  p igm ent 
w ere observed . T h ese  w ere  sim ilar to 
s tru c tu re s  d e sc rib e d  by B ulgar e t  al.3 
S ilver s ta in in g  d is tin g u ish e d  g ranu les

from cytosom es in the tubules. In terstitia l 
collagen fibers w ere found in  all kidneys 
bu t m ore so in the adu lt k idneys (figures 2 
and 3).

O ne cortical g lom erulus was studied  
from Patients #  1 and #  3. Both appeared  
normal.

C l i n ic a l

All patients appeared  hea lthy  by physi
cal and laboratory exam ination. T he sev
eral hyaline casts and  m ild  m icrohem a
turia in P atien ts # 1  and # 3 , respectively , 
w ere difficult to in te rp re t in the  light of 
the  norm al renal m orphology (LM and 
EM  studies). S ince n e ith e r p a tien t’s urine 
was exam ined  by  a m em b er o f the re 
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FIGURE 3. An interstitial 
cell from the child’s kid
ney dem onstrates long  
cytoplasmic process (CP), 
two layered granules 
(pointing arrows) and two 
gray granules (G). A lipid 
droplet (L) is shown. The 
adjacent cell appears to be 
a fibroblast (F ). (UA + LC 
x 9,000)

search team , the possib ility  of laboratory 
error cannot be ru led  out.

Discussion

This study describes two types of cells 
in the papillary  in terstitium  of norm oten- 
sive, hea lthy  individuals. The in terstitia l 
ce ll (IC) contains more organelles and  a 
variable num b er of granules, w h ile  the 
fibroblast contains few er organelles and 
no granules. As in the rat, th ree  types of 
g ranu les w ere observed  in the  hum an 
renal papilla: (1) hom ogeneously dark, (2) 
gray and  (3) layered. They w ere found 
w ith in  the  IC, free in the  in terstitium , in 
the tu b u les and in the endo thelia l cells 
and lum ina o f cap illaries. U ltrastructu- 
rally, the  free granules w ere identical to 
those inside the IC.

Since free granules are u ltrastructurally  
iden tical to those w ith in  the IC, it is as
sum ed that they originate in th e  IC  and 
are som ehow  expelled . M echanical ru p 
tu re  is an unlikely  m echanism  as o ther 
organelles w ere not observed  w ith  the  
granules and granules w ere found adja
cen t to in tact cells. T hey  are m ore likely 
se c re ted  th ro u g h  m em b ran e  fusion  as 
dem onstrated  in the ra t9 and in m an (fig
ure 8). In  support of this is our find ing  of 
granular m argination to cell m em brane 
w ith  elevation  o f the  ce llu lar m em brane 
(figure 8). A sim ilar process has b ee n  d e
scribed for m ast ce ll granule secretion .5,10

T he papillary  in terstitia l g ranules d e
scribed  h ere in  are strikingly sim ilar to 
those in the spontaneously  hypertensive  
rat and norm otensive W istar rat.8' 9 T hey  
also resem ble  the granules in the  m edul-
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F ig u r e  4. This interstitial cell from an adult kid
ney exhibits widely dilated endoplasmic reticulum 
(ER) which appears to be cistern, and three different 
granules; the lower two granules are layered and the 
upper granule is homogeneously dark. In addition, 
many rough-surfaced endoplasmic reticulum (ar
rows) also are seen. (UA + LC x 15,000)

lary in terstitia l ce lls  grow n in tissue cu l
tu re .14 Bulgar e t a l3 found in terstitia l cells 
sim ilar to those rep o rted  in th is study 
w hich  co n ta in ed  lip id  d rop le ts . T h ese  
lip id  droplets are un like  the granules d e
scribed  in th is  report. A lthough most ev i
dence indicates th a t lip id  is the major con
s t i tu e n t  o f  ra t re n a l g ra n u le s ,  som e 
glycoproteins cannot be excluded  ow ing 
to in tense silver staining.9 In tense  stain
in g  o f  h u m an  p a p i l la ry  in te r s t i t ia l  
granules w ith  silver (figures 6, 7, and 10) 
suggests th e  p re sen ce  o f g lycopro te in
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F ig u r e  5. Several stel
late processes reveal many 
rough surfaced endoplas
mic reticulum  (ar
rowheads) and gray 
granules (G). The smooth 
hom ogeneous material 
(pointing arrows) found 
within the interstitium (I) 
and adjacent to the stellate 
processes appears to be 
m ucopolysaccharides. 
(UA + LC x 5,000).
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F ig u r e  6. The silver 
positive granules located 
within the interstitial cell 
(IC) and stellate processes 
(SP) exhibit silver specks. 
The lip id  droplet (ar
rowheads) is non-silver 
positive. The mitochon
dria (arrows) within the IC 
stand out. (PAMS x 5,000)

m o ie tie s  in th ese  g ran u les. T h e  com 
pounds iso lated  from extract of the renal 
m edulla, know n as m edullin ,6 and o f the 
renom edullary  in terstitia l cells grow n in 
tissue cu ltu re  are consisten t w ith  prosta
g land ins.15 Vance e t  a l23 found a high con
cen tration  o f prostaglandins in the hum an 
renal papilla. This study confirm ing the 
p resen ce  of granules in the  hum an renal 
p ap illa  p rov ides fu rther ev id en ce  tha t 
th ese  granules may be the source of renal 
prostaglandins.

A lthough studies o f transp lan ted  renal 
m edu llae  by M uirhead and co lleagues14 
strongly support that the m edullary  in te r
stitial cells m ediate  a po ten t an tihyper
tensive  action, others cast doubt on the 
in tra re n a l  p ro s ta g la n d in s  as th e  r e 
n o m ed u lla ry  an tih y p erten s iv e  factor.20 
T he fall in blood pressure observed fol
low ing renal transplantation may be due 
to a vasodepressor substance in the renal

F ig u r e  7. A m agnified view clearly discerns the 
silver positive granules with abundant silver specks 
un ifo rm ly  d is tr ib u te d  th ro u g h o u t th e  g ran u le s . 
(PAMS x 22,000)
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F ig u r e  8. Several silver 
positive granules within 
an interstitial cell (IC) re
veal layering with the cen
tral part containing silver 
beads and a homogeneous 
electron-dense thick rim at 
the periphery (square). 
Also seen is the fusion of a 
granule with the cellular 
membrane producing a 
protruding effect (arrow). 
This may be the mecha
nism to document the free 
granule. (PAMS x 47,000)

F ig u r e  9. A tubular epi
the lia l cell dem onstra tes 
the  p re sen ce  o f a g ranule 
(po in ting  arrow s). W ithin 
the  in te rstitium  (I) colla
gen fibers are show n (cir
cle). (UA + LC x 18,000)
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F ig u re  10. Shows a free granule adjacent to 
an interstitial cell (IC). This free granule is silver 
positive and exhibits silver specks within the 
granule. (PAMS x 30,000).

pap illae .7 Papillary in terstitia l cells and 
th e ir  granules m ay b e  the source o f this 
substance.22 IC  granularity  is decreased  in 
the hum an m alignan t hypertensive  k id 
ney ,12 further im plicating  a possible role 
in hypertension . L erm an and  co lleagues7 
dem onstra ted  tha t the  renal m edullary  
fibrom a is form ed by a tum orous transfor
m ation o f renom edullary  in terstitia l cells. 
By EM  study, the cells and the granules in 
the  fibrom a resem ble those in the ra t8,9 
and  in the norm al hum an renal papillae 
dem onstrated  in this study. H ow ever, in 
ano ther study, the lack of difference in  the 
systolic b lood  p ressure b e tw een  patien ts 
w ith  and  w ith o u t fibrom a o f the  renal 
m edulla  casts som e doubt upon the pro-

F ig u r e  11. Located  
w ith in  the endothelia l 
cell (END) of this peri
tubular capillary are the 
hom ogeneously  dark 
granules (G). An inter
stitial cell (IC) juxtaposed to 
the capillary also is shown. 
Interstitium (I). (UA + LC 
x 22,000)
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posed vasodepressor function of the IC.19 
Additional study is needed to elucidate 
the  fu n c tio n  o f th e  ren a l p ap illa ry  
granules in hypertension.
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