
um status produced a marked change of 
appetite, as expected, the IVT infusions 
of blocking agents of the renin-angioten- 
sin system at doses that eliminate effects 
of XVT renin and NGF had no significant 
quantitative effect on salt appetite in 
response to sodium deficiency. In addi- 
tion, A11 added to CSF of sodium-de- 
ficient sheep did not cause further in- 
crease in sodium intake, despite the fact 
that more severe sodium depletion did. 
By contrast, lowering the concentration 
of sodium in CSF with IVT mannitol 
consistently and rapidly doubles sodium 
intake (15). 

While not being completely conclu- 
sive, these data suggest that the sodium 
appetite caused by IVT renin or A11 may 
not be a physiological regulatory action. 
It could result from direct pharmacologi- 
cal actions of A11 or be secondary to 
effects A11 may have on systemic sodium 
balance and ionic concentrations. 

Thus, the data with IVT renin and A11 
may reflect the effect of A11 in vitro in 
altering a variety of ionic fluxes between 
cells and tissue fluid (16), including sodi- 
um fluxes between extracellular and in- 
tracellular fluid, as described for jejunum 
and skin (17). In supraphysiological con- 
centration, the induction of such sodi- 
um movements in the neuronal systems 
subserving sodium appetite may mimic 
events occurring physiologically with so- 
dium deficiency. Such ionic movements 
within the physiological range may also 
be contrived by IVT infusion of mannitol 
(15), a proven stimulus for sodium appe- 
tite in sheep. 

We have measured the sodium con- 
centration of CSF and plasma in sodium- 
replete sheep that were treated with IVT 
A11 (3.8 pgihour) and had access to 
water and 0.6M NaHC03. The CSF and 
plasma sodium concentration fell 11 * 1 
and 13.5 t 2.6 mM (N = 4), respective- 
ly, over 24 hours. This occurred also in 
control experiments in which AII-treated 
animals were subjected to water restric- 
tion (0.6 liter in the 24 hours) and were 
not allowed access to 0.6M NaHC03. 
Therefore, the fall of the sodium concen- 
tration is not due solely to increased 
water intake (Fig. 2). Because IVT A11 
causes a rapid onset of natriuresis in 
which the sodium concentration of the 
urine is usually greater than that of plas- 
ma, this phenomenon will contribute to 
lowering the sodium concentration of 
CSF and plasma caused by IVT A11 (Fig. 
2). The increased water drinking and 
vasopressin release attributable to A11 
will augment this effect. In the light of 
our recent data in sheep showing the 
powerful sodium appetite-inducing ef- 
fect of lowering the sodium concentra- 
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tion of CSF (15), this may be an impor- 
tant consideration in sodium appetite in- 
duced by IVT renin or AII. Caution is 
urged before assigning any primary role 
for cerebral A11 in the physiological in- 
duction of sodium appetite in sodium 
deficiency. Evidence over and above re- 
sults derived from introduction of phar- 
macological amounts of renin and angio- 
tensin into the CSF or brain substance 
will be required to give a credible basis 
to such a hypothesis. 
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Binding Protein: 
Immunocytochemical Localization in Chick Kidney 

Abstract. A vitamin D-dependent calcium binding protein in the chick kidney that 
was detected by immunocytochemical techniques was localized exclusively in the 
distal convoluted tubule, the initial collecting tubule, and the early part of the 
collecting tubule. The intercalated (mitochondria-rich) cells in these tubular seg- 
ments were negative for the calcium binding protein. Subcellularly, the protein was 
found in the cytosol and the nucleus of the tubular cells. The results suggest a role for 
vitamin D-dependent calcium binding protein in intracellular calcium metabolism 
rather than a direct involvement in membrane-mediated calcium reabsorption in the 
avian kidney. 

The maintenance of the calcium and 
phosphorus homeostasis is essential for 
the normal functioning of cells and tis- 
sues (I) and principally involves the inte- 
grated actions of the intestine, bone, and 
kidney. This is accomplished by an en- 
docrine system in which the peptide hor- 
mones calcitonin and parathyroid hor- 
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mone (PTH) interact with vitamin D 
and its two chief biologically active 
metabolites 1,25-dihydroxyvitamin D3 
[l ,25(OH)2D3] and 24,25-dihydroxyvitarnin 
D3 [24,25(OH)2D3] (2, 3). Both of these 
dihydroxylated metabolites are produced 
in the proximal tubule of the avian (4) 
and mammalian kidney (5). 1 ,25(OH)2D3 
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is a steroid hormone that interacts with a 
specific receptor protein in a large num- 
ber of vitamin D-related target tissues 
(2) including the intestine and kidney (6) 
to stimulate the synthesis of several mac- 
romolecules responsible for the charac- 

teristic vitamin D-related biological re- 
sponse of that tissue. One such 1,25- 
(OH)2Drinduced macromolecule is a 
calcium binding protein (CaBP) (7, 8) 
that is present in a variety of tissues 
including the kidney (2, 9). In view of the 

Table 1. Intensity of the staining for CaBP in the chick kidney. The kidneys of three animals 
were used for the evaluation. A total of 60 micrographs (20 for each kidney and each tubular 
region) were taken on 70-mm film at the primary magnification of 11,000 calibrated with a 
carbon grating replica (2160 lines per millimeter). The surface of the cytosol and the 
euchromatin, as well as the number of gdp  particles present over these compartments, were 
recorded on a graphic tablet (Tektronix, type 4973) connected to a microprocessor system 
(IMSAI, type 8080) programmed to calculate the number of particles per unit area (square 
micrometers) of the compartment (22). The values, which are expressed as gold particles per 
square micrometer (2 standard error), were compared statistically by Student's t-test. 

Distal convoluted tubule Collecting tubule 

Cytosol Nucleus C y tosol Nucleus 

Antiserum to CaBP* 50.19 a 1.80t 43.69 a 3.86 30.55 * 2.86 36.87 * 2.39 
Antigen-adsorbed 4.71 rC- 0.89 5.06 2 0.39 5.13 * 0.75 5.43 a 0.15 

antiserum to CaBPS 
Normal serum* 3.36 a 1.01 3.09 a 1.30 4.41 * 1.07 4.35 r 1.13 
Antiserum to CaBP, 1.99 a 0.26 1.88 2 0.30 2.89 * 1.17 3.25 2 1.75 

protein A, pAgS 

*Corn arison with all control values, P < .001. tcomparison with cytosol of collecting tubule, 
P < .&. $Control incubations. 

Fig. 1. (A) Immunoperoxidase staining for 
CaBP on a paraffin section showing positive 
reaction (black) at the periphery of renal 
lobules ( ~ 1 3 ) .  See (C) and (D) for higher 
magnification. (B) Paraffin section cut consec- 
utively after (A) but incubated with antigen- 
adsorbed antiserum. No reaction is detect- 
able. The remaining black areas represent, 
unspecifically, peroxidase-stained connective 
tissue[these are also visible in (A)] (x  13). (C 
and D) Semithin sections from Epon-embed- 
ded material. (C) Positive tubular profiles are 
visible among negative tubules. Negative 
structures in this field are proximal tubules 
(PT) (x400). (D) In positive tubules, stained 
cells (cytoplasm and nucleus) alternate with 
unstained cells ( x  1000). (E to G) Thin sec- 
tions stained for CaBP with the pAg tech- 
nique. (E) Apical regions of two adjacent cells 
of a distal tubule. One of the cells shows a 
cytosol heavily labeled by gold particles re- 
vealing CaBP antigenic sites while the other is 
almost free of labeling. The latter corresponds 
to an intercalated (mitochondria-rich) cell 
(MR-celO; M, mitochondrion (~30,000). (F) 
Small field of a distal tubular cell. CaBP 
immunoreactive sites are present over the 
cytosol and the nucleoplasm but are absent 
from the Golgi cisternae (G); N, nucleus 
(~57,000). (G) Basal region of a distal tubular 
cell. The thin cytoplasmic processes (CP) 
delimiting the deep basal invaginations are 
distinctly labeled by gold particles (~40,000). 

prominent role of the kidney tubule in 
calcium reabsorption as well as vitamin 
D metabolism, an intriguing problem has 
been to identify the precise location of 
the CaBP in the kidney. In this report we 
describe both the cellular as well as 
subcellular distribution of the CaBP in 
the chick kidney. 

Normally fed, 1-week-old male White 
Leghorn chicks and 2- to Cweek-old 
chicks which had free access to a stan- 
dard rachitogenic diet (8) were used as a 
source of kidney tissue. The rachitic 
animals were housed in electrically heat- 
ed brooders in an air-conditioned room 
from which sunlight was excluded. The 
CaPB was detected immunocytochemi- 
cally as follows: (i) sections (5 pm thick) 
of paraffin-embedded kidneys or semi- 
thin sections of Epon-embedded tissue 
were stained by an indirect immuno- 
cytochemical technique with antiserums 
to chick intestinal CaBP and peroxidase- 
labeled protein A (10); (ii) thin sections 
from Epon-embedded kidney were 
stained for CaBP by the protein A-gold 
(pAg) technique (11) which allows the 
precise intracellular identification of a 
variety of antigens at the ultrastructural 
level (11, 12). 

Under the light microscope, specific 
immunoreactive sites were localized in 
the cytoplasm and the nuclei of the epi- 
thelial cells of the convoluted part of the 
distal tubule, the early part of the collect- 
ing tubule, as well as the initial collecting 
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tubule joining these two tubular regions 
(Fig. 1, A, C, and D). Cells similar to the 
intercalated (mitochondria-rich) cells of 
these segments of the mammalian uri- 
nary tubule did not show immunoreac- 
tivity nor did any other part of the neph- 
ron, collecting tubule, or interstitial ele- 
ments. In the CaBP-positive segments, 
the distal tubules stained more intensely 
than collecting tubules. These results 
confirm and extend previous observa- 
tions (13). Specific staining was absent 
under all control conditions (see Fig. 
1B). In the kidneys of rachitic animals, 
specific but less intense staining for 
CaBP was observed in the same seg- 
ments, of the nephron as in nonrachitic 
chicks (data not shown). 

Ultrastructurally, the different parts of 
the urinary tubule in the chick kidney 
were similar to corresponding regions of 
the mammalian kidney (14); only Henle's 
thin loop was absent (15). In cells show- 
ing a positive pAg reaction, the gold 
particles indicative of CaBP were pres- 
ent in the cytosol and nucleus (Fig. 1, E ,  
F,  and G). In the nucleus, euchromatin 
was intensely labeled. Labeling was ab- 
sent from the cisternae of the rough 
endoplasmic reticulum and the Golgi ap- 
paratus, from mitochondria, lysosomes, 
and membrane-bound vesicles in the api- 
cal cytoplasm. Membrane labeling was 
similarly not observed. 

Extracellular spaces were not labeled 
above background nor were the interca- 
lated cells of the positive tubular seg- 
ments. There was no significant differ- 
ence in the labeling of the cytosolic and 
nuclear compartments from positive 
cells in the distal and collecting tubules 
(Table 1). However, the amount of label- 
ing in the cytosol of the distal tubular 
cells was significantly higher than in the 
collecting tubule. A low degree of cellu- 
lar background labeling was observed. 
These data clearly indicate that in the 
avian kidney the vitamin D-dependent 
CaBP is present only in the distal convo- 
luted tubule, in the initial collecting tu- 
bule, and early part of the collecting 
tubule (Fig. 2). 

The differentiation of the urinary tu- 
bule with respect to its involvement in 
the vitamin D endocrine system is im- 
pressive. Although both of the enzymes 
responsible for the production of 
1,25(OH)2D3 (4, 5) and 24,25(OH)2D3 
(5) are found exclusively in the proximal 
tubule, the distal and collecting tubules 
are the only sites of localization of 
tritiated 1,25(OH)2D3 as determined by 
autoradiography (16, 17) and of CaBP as 
described here. These data suggest that 
although 1,25(OH)2D3 is produced in 
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Fig. 2. Schematic representation of the chick 
urinary tubule [modified from (15)l. Abbrevia- 
tions: G1, glomerulus; PT, proximal tubule; 
DT, distal tubule; IC, initial collecting tubule 
(the initial collecting tubule of the avian kid- 
ney corresponds to the connecting segment of 
the mammalian kidney); CT, collecting tu- 
bule; CV, central vein; and RPV, branches of 
the portal vein between two renal lobules. 
Dashed segments of the tubule indicate an 
intermediate intensity of immunostaining; 
black segments, a high intensity. White seg- 
ments are unreactive. 

the proximal tubule, the effects of 
1,25(OH)2D3 that require steroid recep- 
tor-mediated transcriptional processes 
occur in the distal and collecting tubule. 
The precise role of CaBP in the renal 
calcium uptake mechanism is not clear. 
The bulk of renal calcium reabsorption 
(approximately 80 percent) occurs in the 
proximal tubule (18), the region that did 
not show immunoreactive sites for 
CaBP. However, a selective calcium re- 
absorption for regulation of calcium ex- 
cretion takes place in the distal and col- 
lecting tubules (18), segments in which 
CaBP was detected immunocytochemi- 
cally. In addition, immunoreactivity was 
found at the subcellular level only in the 
cytosol and the nucleus suggesting an 
involvement of the vitamin D-dependent 
kidney CaBP in processes related to reg- 
ulation of the intracellular translocation 
of calcium ions rather than to regulation 
of calcium reabsorption. Although few 
attempts have been made to locate CaBP 
in the kidney, the question of whether 
intestinal CaBP is extracellular, intracel- 
lular and soluble, or intracellular and 

membrane bound has been controversial 
(13, 19). Since the biochemical proper- 
ties of chick intestinal CaBP and renal 
CaBP are identical (2), it is not surprising 
that application of the new pAg tech- 
nique (11) to the intestinal CaBP has 
shown that it, too, is located in the 
cytosol of intestinal epithelial cells (20, 
21). This is consistent with the proposal 
that the widely distributed vitamin D- 
dependent CaBP's (8) participate in 
processes related either to regulation of 
the intracellular calcium concentration 
or to the intracellular translocation of 
this ion. 

JURGEN ROTH 
BERNARD THORENS 

Institute of Histology and Embryology, 
University of Geneva Medical School, 
1211 Geneva 4,  Switzerland 

WILLI HUNZIKER 
ANTHONY W. NORMAN 

Department of Biochemistry, University 
of California, Riverside 92521 

L. ORCI 
Institute of Histology and Embryology, 
University of Geneva Medical School 

References and Notes 

C. P. Bianchi, Cell Calcium (Butterworths, Lon- 
don, 1968); J .  T. Irving, Calcium and Phospho- 
rus Metabolism (Academic Press, New York, 
1971) 
A,' W. Norman, Vitamin D: The Calcium Ho- 
meostatic Hormone (Academic Press, New 
York, 1979). 
M. R. Haussler and T. McCain, N.  Engl. J .  
Med. 297,974 (1977); ibid., p. 1041; H. Schnoes 
and H. F. De Luca. Annu. Rev. Biochem. 45. 
631 (1976). 
M. G.  Brunette, M. Chan, C. Ferrieri, K .  D. 
Roberts, Nature (London) 276, 287 (1978). 
T. Akiba, J. Endou, C. Koseki, F. Sakai, H. 
Horiuchi. T. Suda. Biochem. Bioahvs. Res. . , 
Commun. 94, 313 (1980). 
S. W. Christakos and A. W. Norman, ibid. 89, 
56 (1979); K. W. Colston and D. Feldman, J. 
Clin. Endocrinol. Metab. 49, 799 (1979). 
A. N. Taylor and R. H. Wasserman, Nature 
(London) 205,248 (1965); R. H. Wasserman and 
A. N. Taylor, Sclence, 152, 791 (1966). 
S. Chrlstakos. E. J. Friedlander. B. R. Frandsen 
A. W. Norman, Endocrinology 104,1425 (1979); 
S. Christakos and A. W. Norman, Methods 
Enzymol. 67, 500 (1980). 
A. N.  Taylor and R. H. Wasserman, Arch. 
Biochem. Biophys. 119, 536 (1967); H. Sands 
and R. H. Kessler, Proc. Sac. Exp. Biol. Med. 
137, 1267 (1971); P. Piazzolo, M. Schleyer, H. 
E. Franz, Hoppe-Seyler's 2. Physiol. Chem. 
352A, 1480 (1971); A. N. Taylor and R. H. 
Wasserman, Am. J .  Physiol. 223, 110 (1972). 
The kidneys of 1-week-old chicks were fixed by 
perfusion of the whole animal through the left 
ventricle with a solution of phosphate-buffered 
isotonic saline (PBS) @H 7.4) for 3 minutes, 
followed by Bouin's fixative for IS minutes. The 
kidneys were then removed from the animals, 
fixed for a further 12 hours at room temperature, 
and embedded in paraffin. Deparanized and 
rehydrated sections (5 pm thick) or semithin 
sections from Epon-embedded tissue were incu- 
bated with a solution of 1 percent ovalbumin in 
PBS for 5 minutes and then reacted with the 
antiserum to chicken intestinal CaBP (diluted 
11100 in 1 percent ovalbumin in PBS) for 2 hours 
ar room temperature. The sections \\ere rinced 
r\\lce for 5 mlnurec ~ i r h  PBS and incubated 11 irh 
peroxidase-labeled protein A (a gift from E. 
Berger, University of Bern) for 1 hour at room 
temperature. The sections were then rinsed 
twice with PBS for 5 minutes and the peroxidase 
activity was revealed by 3-amino-9-ethylcarba- 
zole (0.02 percent) in 0.05M acetate buffer @H 
5) first for 5 minutes without, then 5 minutes 

199 



with 0.01 percent H202. The sections were then 
rinsed and stained with 0.01 percent Evan's blue 
for 2 minutes, mounted in a mixture of glycerol 
and PBS (1: 1 by volume) and examined. For 
cyto-hemical controls see (11). 
Perfusion fixation was done as described in (10) 
but with 1 percent glutaraldehyde in PBS being 

Sulfhydryl Compounds May Mediate Gastric Cytoprotection 

Abstract. Ethanol induces hemorrhagic gastric erosions and causes a dose- 
dependent decrease in the concentration of nonprotein sul 'ydiyl  compounds in rat 
gastric mucosa. Sulfhydryl-containing drugs protect rats from ethanol-induced 
gastric erosions, whereas sul'ydryl blocking agents counteract the mucosal cyto- 
protective effect of prostaglandin Fzp. These observations suggest that endogenous 
nonprotein sulfhydryls may mediate prostaglandin-induced gastric cytoprotection 
and that sulfiydryl drugs may have potential for preventing or treating hemorrhagic 
gastric erosions. 

used as the-fiuat~ve ?or 2 hoursat room tempera- 
ture. Free aldehtde groups uere blocked by  
subsequent incubationof small t i ~ s u e  fragments 
in 0.5M NH4Cl in PBS for 2 hours. The frag- 
ments were rinsed in PBS, dehydrated in etha- 
nol, and embedded in Epon 812. Thin sections 
(400 to 600 km) were placed on parlodion- 
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grids were placed, sections downward, on a 
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pAg solution for 1 hour at room temperature. 
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in distilled water, the thin sections were coun- 
terstained with uranyl acetate and lead citrate. 
Controls for cytochemical specificity included 
(i) the replacement of the diluted antiserum by 
normal rabbit serum or by antiserum previously 
adsorbed with purified chicken duodenal CaBP 
(400 pg of CaBP per milliliter of undiluted 
antiserum), (ii) incubation of the sections with 
nonlabeled protein A (0.1 mgiml) between the 
antiserum and pAg incubation step, and (iii) 
staining for endogenous peroxidase activity. 
The thin sections were examined with a Philips 
EM 300. For further details see J. Roth. M. 
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