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The appliati of various hist ml ezyme iques to the
M mali kidney has reveald distinctive and reproducible staining
patterns wthin the various portions of the nephron. It is not sing
that most reactions in the cortex are positive, particularly in the prox-
imal convoluted tubules, since the m m work load of the kidney
is performed in these segments. Some enzymatic reactions are also
quite distinct in the thin limbs of Henle's loops and the collecting ducts
wthin the medulla1

In potassium deficiency, there occurs an increase in kidney weight,
mainly due to h asi of the medulla. Such kidneys have ben
examined by conventional methods"' and more recently by the micro-
dissection technique.' The most outstanding alterations occur in the
colleing tubules. Other portions of the nephron reveal less consistent
and more variable alterations. These are of the severest degree when
weanling rats are given the defient diet.U

Histochemical enzyme staining te s have been applied to po-
tassium-deficient kidneys by Spargo,T Craig and Schwartz,' and by
Pearse and Macerson The results reported have been somewhat
contradictory. We have, therefore, investigated a number of histo-
c ical staining reactions in the kidneys of potassium-defident rats
and selected those which de e e ti actvity in the medul-
lary structurs of the normal kidney. An attt has been made to
correlate the remarkable variations in is l reactions in the
renal medulla with certaim fimctional alterations known to occur in
the potassium-eficien kidney.

MATERIAL AND METHODS
Young rats of the Wistar strain, weighing 150 to 200 gin., Wee used

throughout. Thirty rats were fed a potassium-deficient diet and sacri-
ficed after IS to 25 days. An additional 20 rats were plaCed iitialy
on a protein-deficient diet supplemented by all the n vitamins,
as suggested by Spargo.7 After the initial weights had been reduced 25
per cent, the rats were given a synthetic diet deficient in both potassium
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and sodium. Our experence was in agreement with that of Craig and
Schwartz' who observed an enhanent of tissue alterations induced
in potassiumdepleted rats also receivng a low sodium intake.

Following sacrifice, pieces of kidney and heart were fixed in Io per
cent formalin and Rossman's fluid. Sections were stained with hema-
toylin and eosin, the periodic acd-Schiff (PAS) technique and occa-
sionally by the Jones silv r-me ei stainl4

Histochemical staining was carried out on free-floating, unfixed
frozen sections and on sections prepared from thin tissue blocks fixed
overnight in cold Baker's formalin. The following methods were used:
alkaline phosphatase in formalin-fixed frozen sections according to
Gomori (incubation period, 5 to I5 minutes), acid phosphatase in a
modification of Gomori's tehnique usig a pH of 6, preferably on
formalin-fixed frozen sections (incubation period, i5 to 6o minutes)
and adenosine triphoatase with the technique of Wachstein and
Mee (incubation period, 5 to I5 minutes).1 For succnic delhydro-
genlase, unfixed frozen sections were incubated for 5 to 30 minutes in a
mixture which contained sodium sucinat and Nitro-BT [2,2'-di-p-
nitrophenyl-s,5'-diphenyl-3,3'-(3,3'-dimethoxy-44'-biphenylen)-di-
tetrazolium chloride].'1 In earlier e rtS, we used the tenique
of Farber, Stemnberg and Dlap18 for the dmonsttion of diphospho
pyridine nudeotide (DPN) di in unfixed frozen sections.
Later, the modification of Novikoff and Masek was substituted.1'
Formalin-fixed frozen sections were incubated in a mixture containing
Nitro-BT as an indicator and, in addition, reduced dipsphoyridine
nudeotide (DPNH) and the buffer (incubation time, 5 to 30 minutes).
In some tances the results were checked by the use of fresh frozen
sections.

For the demonstration of tripohopyridine nucleotide (TPN)
diaphorase, both the orginal techniue of Farber and co-workers,18
as well as the mdified proedure of Nachlas, Walker and Sega
were used on fresh frozen sections (ncubation time, 15 to 20 minutes).
In addition, an incubation mixtre which contned only TPNH,
Nitro-BT and the buffer was used with both fixed frozen
sections.

In most instanc a mal control rat was saificed simul sly
with the exermetal rat in order to evaluate posible variations in
the staining reactions.

Our observations in the kidneys of potassium-deficient rats were
similar to those described by various investigators and may be sum-
marized as follows: The colecting tubules in the outer zone of the
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medulla showed swelling of the cytoplasm and increase in the
number of cells with apparent obstruction of the lumens. In the seg-
ments of excrety ducts located in the outer medulla there was a
marked increase in the dark-stabinng intercalated cells, as has been
pointed out by Oliver and co-workers." Tne lumens of collecting ducts
locae min the cortex were often dilated. The collecting ducts close to
the paplla showed a fairly normal configuration but were distded by
innumerable eosinophilic granules which gave a positive PAS reaction.7
There was also an crease in PAS staining in other strUctures of the
medulla. Basment membranes stained more strongly, and an inceased
number of mononulear cells containing PAS-positive material was
seen. The cells in the thi limbs of Henle's loops often had an icreased
amount of cytoplasm and contained PAS-positive meriaL The broad
ascending limbs of Henle's loops and the distal convoluted tubules
appered essentially nomal although they were occasionally com-
pressed by dild colleting ducts. All structures that stained with
the PAS tehnique also gave a positive staining reaction with the silver-
mt amine stain (Fig. Ir). Within the cortex, occasional proximal
convoluted tubules showed swelling of cells as well as focal atrophy.
The atrbpy increased with the duration of the potassium defidency
and was more markiedn the kidneys of eximental animas after 25
dlys asconared to those after I5 days.

Histockemical Staining Reactions
Alkaline Phospkatase. There was focal dimiution of the staining

reaction in proximal convoluted tubules corresponding to the focal
atrophy observed i conveional sections. Granules in the collecting
tubules did not stai but were clearly recogized by their refractility.
Acid Pkospkatwse. With the use of a modification of Gomori's

method at pH 6.o in formalin-fixed frozen sections, a consistent stain-
ing reaction was noted in the proxima convoluted tubules. Lead
deposits indive of enzyme activity appeared as granules varing
from i to 3 & i diameter. The straight or distal portions of the on-
voluted tubules contained fewer droplets and exhibited some staining
of the brush borders. If the incubation period was not extended be-
yond 30 to 6o minutes, on faint nuclear staining was noted. The
ascending broad limbs of Henle's loops exhibited a moderate reaction,
as evidenced by the deposit of fine, dust-like granules. A slight al-
though iregular rcton also appered in the collecting ducts, thin
limbs of Henle's loops, and occasional interstitial cells (Fig. 3). In
unfixed sections, the lead sulfide deposit appeared in a more diffuse,
dust-like fashion i the cortical tubules. Deposits of larger granules
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were not seen. Both the ascending limbs of Henle's loops and the
collecting ducts revealed a fairly strong reaction after iS minutes'
icubation. After longer incubation dear staining became very
marked in nfixed sections.

In the expriental animals there was consderable increase in the
overall staining of the m ulla; this could be by naked-eye
inspection of the sections. The increase was due to the presence of
abnormal granules and an actual incrase in aciity in several medul-
lay structures. This was the case in the collecting ducts, particularly
in the segts located close to the papilla Acid p activity
was less marked in segments loed in the outer ulla There was
also a striking increase of staining in the cells which formed the thin
limbs of Henle's loops (Fig. 4) and in intestitial stromal Cells, particu-
larly near the pla. In the region of the cortic ullary junction,
there was a reduction of the reaction in the ascendng limb of Henle's
loops; this was most dearly recognized in ftissue, but was also
seen in formalin-fixed frozen sections. Withdin the cortex, occasional
a hicp convoluted tubules showed reduced staining, as m
the case of alkaline ph .

Nonspecific Esterase. With naphthol AS as a substrate, there was
a marked difference in the staining paterin fixed and unfixed sec-
tions of the normal kidney. In fi sections, deposits wre diffuse
and dust-like in the primal convoluted tubules. Glomeruli did not
react and only slight staining was evident in the ascnding limbs of
Henle's loops. In the mulla there was rather itense and regular
staining in the collecting ducts but only faint and somewhat variable
staining m the thmlimbs of Henle's loops. In fixed sections, the
overall sining was more itense except m the collecting ducts.
Proximal convoluted tubules of the cortex contained cells with both
fine, dust-like granules and larger granules measurig I to 3 p in
diameter. In some cortical structures, obviously the distal convoluted
tubules and initial portions of the collecting ducts, esterase activity
was limited to isolated scattered ceIls. There was a slight reaction in
ells of Bowman's ule and in an occasional glomerular epithela

element. Staining in the asng limbs of Henle's loops was moder-
ately strong (Fig. 5). The thi limbs also hited distit avty,
but the collecting ducts stained only weakly (Fig. 7). he ePithelium
coveitng the renal pas was also active. In addition, occasional
str cells reacted in positive fashion

In experimental animals, a reduction of enzyme activity was ap-
parent in some of the pral convoluted tubules. As in acid phos-
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phatase preparations, the ascending limbs of Henle's loops at the
corticomedullary junction showed a reduced staining reaction (Fig. 6).
The collecting ducts of the medulla hibited i sed staining in
segments close to the aplla, and abnormal granules participated i
the reaction. There was a most sriking inacrease in esterase activity in
the thin limb of Henle's loop; this tended through its entire extent
(Fig. 8). Interstitial cells, particularly those lated close to the renal
pelvis, were likewise the seat of stiing esterase activity. An addi-
tional feature was the presence of an incsed amount of bluish-
staining protein in medullary pillaries. It is interestig that all of
these phenomena were much more distinct in formaln-fixed than i
fresh frozen tissue.
Adexosixe Triphosphatase. The normal distribution of adenosine

triphospiatase in the rat kidney has been described previously.222
In formalin4fixed frozen sections, activity occurred in glomeruli, cail-
Laries, ascending limbs of Henle's loops and distal convoluted tubules.
The proxi convoluted tubule exhibited less activity, and thi ap-
peared mainly i brush borders. In the medulla, the inner cel borders
of the collecting ducts were stained after 5 to IO minutes (Fig. 9).
Medullary llaries racted only after somewhat longer in Aion
periods.

In the potassium-deficient animals, there was a significant icrease
in the staining of the outer borders of cells in the collecting ducts, best
seen in sections incubated for 5 to io minutes (Fig. Io). There was
also a moderate reduction in the staining itensity of ascending limbs
of Henle's loops and the distal convoluted tubules.

Succinic Dekydrogenase. When Nitro-BT was used instad of neo-
tetazolium, itene staining was seen within only a few minutes of
incubation. Maximum activi was noted in the proximal portions of
the proximal convoluted tubules and in the ascending limbs of Henle's
loops. If stainin was prolonged (iS to 30 minutes), very distinct
activity was also seen in ceting ducts, mainly in the outer, and to a
lesser degree, in the inner medulla. Within the collecting ducts in the
outer medulla, i cells showed a very strong reaction. These
obviously to the dark-staining intercalated cells. The
thin limbs of Henle's loops reacted only very faintly.

In the potassium-depleted animals, there was a depression of activity
in atrophic tubules in the cortex and a distinct although slight overall
reduction in the ascending limbs of Henle's loops and in the distal
convoluted tubules. The reaction in collecting ducts appeared to be
somewhat enh , and a larger number of dark-staining intercalated
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cells was seen. The thin limbs of Henle's loops stained faintly, but an
unequivocal increase in the staining reaction as compared with the
control animals could not be detected.
DPN Diapkorase. The normal distribution patterns of DPN diapho-

rase in unfixed frozen sections has been described previously.' In
formalin-fixed sections, practically all renal cells, including those of
the glomerulus, the thin limbs of Henle's loops, and vessel walls, show
activity. In the cortex, the ascending limbs of Henle's loops and the
distal convoluted tubules show a somewhat stronger staining than do
the pr convoluted tubules. Formazan deposits indicating enzy-
matic activity were very sharply loalizd n the mitochondria With
formalin fixation, however, there was some reduction in staining in the
thin limbs of Henle's loops. The intensey staining interclated cels of
the colecting ducts were particularly prominent (Fig. II).

In the potassium-depleted animals, there was a reduction in staining
of some proximal as well as distal convoluted tubules. There was a
moderate overall reduction of activity in the ascending limbs of Henle's
loops. A larger number of strongly staining lls appeared in the
median portions of the collecting ducts; this corresponded to the in-
crease in interalated cells in potassium deficiency (Fig. 12). There
was also a somewhat stronger reaction in collecting ducts in the inner
medulla. The atypical granules reacted in positive manner. The thin
limbs of Henle's loops ehibited a slight increase in staining, as did
some interstitial cels.
TPN Diapkorase. When the original method of Farber and co-

workers"8 was used, staining was often spotty. Better and more con-
sistent results were obtained with the tchnique of Nachlas and his
assocates.2 The best results, however, were obtained with formalin-
fixed sections when TPNH was used in the inubation mixture.
Strongest activity was observed in the proxima convoluted tubules,
the ascending limbs of Henle's loops, and in the collecting ducts of the
medulla. The distal convoluted tubules stained less intensely with the
exception of the maca densa, which could be clearly recognized by
its deeper staining." Glomerull showed only weak activity, but the
thin limbs of Henle's loops stained distinctly, particularly in nfixed
sections.

In the kidneys of experimental animals, there was increased TPN
diaphorase activty in the collecting ducts. There was also a slight
increase in the thin limbs of Henle's loops, and a moderate decrease in
the ascending limbs of Henle's loops and in those parts of the rtcl
tubules that had become atrophic. Staining of the macula densa was
similar to that of normal controls (Fig. 2).
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DIscussIJoN
Many histochemical enzyme staining reactions are regularly repro-

ducible in the mammalian kidney and are, by now, wel estab_lj.h 1I
Several observations made in this study, however, deerve comment
(Table I). With a modified technique for add phosphatase, the lead

TAz I
Hitocemic Reld Alteratio in Potnium-Decrket Ras

Ez m ames ub

A&zrne
Add pi_ ItIse

Nonspeific esk
Adeosine
oph.tam
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Marked ain lim of Elek's oops and in inter-

stital stromal ceds of medula

Similr to add phoq_ha
reduction in scme g Heies loops and

distal voed tub in outer c borders of
cogting ducts.

ioin atrphic tubus of cote Slight ution

iNg limbs of Benles loops and in ng d

Reduction in aphic onvohted tubules Mote

redun a ng imbs and distal cvuted

asein nuear DapD fa and g reater

min ducts mi the outer medua. Sight in-

crease in in n limbs of ew s ops and intstitiat lcels

Simir to DPN ahuh somehat less ma

sulifide deposits ndiating enzymatic activity were deposited in the
rat kidney as coarse (I to 3 IL) granules. A simlar distribution pat-
tern was found with various azo dye te n for add phosphatase24-
and for esterase.2 It should be pointed out, however, that in unfixed
frozen sections, such a staining patern was not aar In such
preparations, stain deposits occured as tiny, evenly distributed cyto-
plasmic granules. It is worth noting that in the kidneys of other species
-for instance,the rabbit-acid phosphatase activity is not character-
ized by the appearance of coarse granules in formalin-fixed sections.Us

In preparations stained for nonspeific esterase, there were also
differences in the distribution patterns in formalin-fixed and unfixed
frozen sections. It was particularly noticeable that in formalin-fixed
sections, activity in the collecting ducts was suppressed, while in the
thin limbs of Henle's loops there wa significant staining. In some
cortical tubules, obviously the distal convolutions and initial portions
of the collecting ducts, only scattered cells gave a positive staining
reaction. These were first described by Hess and Pearse using
O-aCetyl--bromoindoxyl as substrate. On the basis of studies utilizing
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special inhibitors, these investigators considered the reaction to be due
to an esterase with atepsin-like activity. Further investigation will
be necy to subsantate this assumption. The physiologc signifi-
cance of these cells, which are indistinguishable by conventonal tech-
niques, iS unknown.
With the tehniques for dehydrogenase and DPN diaphorase, nd

less regularly with the TPN daphorase tehnique, dark-staining inter-
calated ceIls can be demonstrated readily in the medan portions of the
collecting ductsw-w by their strong staining. The function of these
peculiar cells is also unknown at present.
The use of formalin fixation, first advocated by Novikoff and

Masek," permits a marked improvement in the techniques deigned to
demonstrate DPN and TPN ciaphorase activity. The simplification of
the incubation mixturs, rlacing various substrates by DPNH and
TPNH and the introduction of Nitro-BT, has contributed to the ease
of perfomance of these te iq . The distribution patterns are essen-
tially similar to those first described by Farber and his co-workers"8
and later confirmed, thgh somewhat modified, by others. In the case
of the kidney, the improved tehniques permit definite lclizon of
fomazan deposits in mitdna, as wel as differential staining
of the maculad

Alterations of enzymatic staining ractions in experimental animals
were most regularly noted in the medulla. By far the greatest increase
of staining was observed with the acid pphatase and esterase tech-
niques. Obviously theise occurred in 3 different structural units:
theery ducts, the thin limbs of Henle's loops, and the interstitial
cells. It ld be emphasized that alterations in the thin limbs of
Henle's loops can be recogized only with difficulty, if at all, in con-
ventionally stained sections. The peculiar granules deposited in collect-
ing ducts reacted with the staining techiefor acd ph atase,
esterase, and DPN d TPN dia In geneal, there was con-
siderably less marked in atvity of tive enzymes. How-
ever, many more cells in the collecting ducts of the outer meula gave
the strong staiing reaction which see to be associated with
intercalated cells. This is in agrement with the increased number of
these clls observed in the kidney in potassium deficie, described
by Oliver and co-workers.u
A significant increase of adenosine triphosphatase activity was

encountered in the outer mbrane of collecting ducts in the potas-
sium-defient exeimental animals. It should be recalled that adeno-
sine trptosphatase activity in cellular membranes may be of
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importance in the cellular transport ism. This has been daimed
in the aLse of bile .anaui, the intercelluar membranes of some
renal ell,22 and the secretory cpillaries of the pancreas.'

SpargoT found no icrease ad phopatase activity in the medulla
of potassium it rats, differing i this respect from Craig and
Schwartz9 and Pearse and Ma he Spargo and Craig and
Schwartz failed to detect the alterations in esterase activity observed
by us and by Pearse and Macpherso. The latter investigators de-
scribed a marked ease in TPN diaphorase and a reducto in DPN
diaphorase activity in the medulla of potassium-deficient animals. We,
on the other hand, were unable to confirm these observaions. While
various enzyme reactions were icreased in the m la, there was a
uniform reduction of activity in the corticomedullary junction, local-
ized to ascending limbs of Henle's loops. This was noted in prepara-
tions stained for adene triph tase, esterase, add plohatase,
succinic dehydrogenase and DPN diaphorae. Decrease in activity was
least nocable with the stain for TPN diaorase. Although conv
tionally stained sections did not show a significant diatati of the
ascending limbs of Henle's loops in our specimens, it has been pointed
outu that a in degree of obstruction of the lumens may occur as
the result of proliferation of cells in collecting ducts. It is quite possi-
ble that this may lead to a mild iternal h epo which in turn
may account for the reduced mzymatic activity in the distal convo-
luted tubules and ascending limb of Henle's loops. Such an internal
hos is apparently much more marked in weanling rats.1
A reduction of enzymatic reaction in atrophic tubules noted in occa-

sional proximal convoluted tubules is typical of tubular atrophy result-
ing from a variety of causative factors.' In contrast to Pearse and
Macpherson,'3 we were unable to detect an increase i esterase activity
due to potassium deficiency in primal convoluted tubules. On the
basis of their hist cal observations, Pearse and Macpherson sug-
gested that potassium deficiency affected protein metabolism, the per-
meability of tubules to protein, and also the processes of rspiration
and oxidative phosphorylation, particularly in tubules of the medulla
and paplaWhether changes in histoeical reactions permit such
broad conclusions is open to some doubt.

It seems logical, however, to correlate these changes with the func-
tional altertions that characterize potassium deficiency. It has been
shown in the rat that potassium deficiency is accompanied by an
inability to concentrate urine properly, or to produce a highly add
urine.l01 Although there are also alterations in cortical tubules, those
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most specfic for potassim deficency are found in the medulla, as has
been emph e

It has been suggested by Hargitay and 32uhn' that the loops of
Henle act as a countercurrent multiplier system for the concentration
of urine. According to this concept, tis ni would cause the
interstitial tissue of the medulla to be hyperosmotic. This, in turn,
would cause diffusion of water out of the coIlecting ducts with resulting
concentration of the urine. Wirz, Hargitay and Klhn," on the basis
of cryoscopic examinatio of ices made from concentrating rat kid-
neys, condluded that the osmotic pressure was identical for all tubular
struictres at a given leveL They assumed that there was an insin
omotic gradient from the cortex which was iso-osmotic with pl to
the tip of the papia. Further support for the orrctness of the
"cotrcurnt multiplier tem" hypothesis has been derived from
the examination of fluid obtained from various portions of the nephron
by Wirz," and by Gottsck and MyllUe! The later gathered fluid
from Henle's loops and adjacent coRlecting ducts in the paplla of the
hamsters kidney. The fluid in both structures had a simiar osmolity
which was much higher than that of the blood plasma In contrast,
fluid from the cortical segments of the pr l convoluted tubules
and the distal portions of the distal convoluted tubules was iso-osmotic
and that of the distal convolutions hypo-osmotic to plasma

In the kidney of the potassium-deficent a one is confronted
with an obvious paradox. The cocentating power is severely im-
paired, but a um of enmatic staining reactions in the tw tubular
segments of the nepron which are most responsible for urinary con-
centration are markedly increased. It is true enough that none of the
enzymes demonstrated byhical methods are known to be im-
plicated directly in the etinG mechanism. It is obvious, how-
ever, that these enzymes particpate in clular metabolic processes,
and aninse in their activity indiates incsed cellular metaboli.
In potassium deficiency, the asia of epithelium in the olecting
ducts, pariularly of itelated cells, and the asi incrase m
iymc staining reactions in both the collecting ducts and the limbs
of Henle's loops, could be interpreted as an expression of ised
cllular activity aimed at ovem the de sing effect of the de-
fidency on the normal function of these cells. Such an interpretation
could also explain the incrase in enzymatic activity in interstitial cells
which, according to the theory of Hargitay and Ku1m,3 participate in
the coentrating ml nism Indeed, Ullrich, D ck and
JarauschX have measured the osmotic pressure in the interstitial cells
dose to the tip of the paplla where the increase in histochemically
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demonstrable phosphatase and esterase activity is most distinct, and
found it practically identical with that of the urine.

Altogether it seems reasonable to assume that the changes foumd in
th medulla in potassium deficiency of the rat are not a primary con-
sequence of potassium depletion, but rather a nspefic ompensa-
tory phomenon amed at oercoming the bimical defect which
occurs n renal cells depived of this essential eletrolyte.

SuxxY
Young albino rats of the WLstar strain were fed a complete synthetic

diet deficient in potassium. Vaious enymatic hist eical techni-
ques were applied to the kidneys of such animals after they had re-
ceived the eximental diet for IS to 25 days. There occmued a striking
increase in d phoshatase and non fic esterase actvity in the
renal medulla, in the thin limbs of Henle's loops, in sattered interstitial
cells, and, to a somewhat lesser degree, in collecting ducts. A disInct
increase of a s thosphatase activitY was observed in the
outer cell borders of collecting ducts. Stains for oxidative enzymes
revealed less marked inrease of activity n meduflary structures.
There was an overall reduction in acid phosphatase, nonspecfic

esterase, adenn triphosphatase, succinic deydrogenase, DPN and
TPN diaphorase activities in the ascending limbs of Henle's loops and
distal convoluted tubules. The striking TPNda r actviy of the
macula densa remaimied umchanged. Occasional atrophic tubules in the
cortex revealed loss of staining by all te iq used.
The significance of the observations is discussed in relation to the

severe functional alterations that occur in potassium deficiency, par-
icularly the impairment of the kidney to concentrate urine properly.
In the light of the "coxmtercurrent multiplier system" theory of renal
concentration, it is thought that the striking icrease of enzyme
activity in medulary cells mpliated in this mchanism may indicate
an attempt by these cells to overcome the dersing effect of potas-
sium deficency. RERENCES
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FP. x. I porton of the medull i a rat after 4 days o the potasium-
deficientcL. Paraffin section stained by Jones!s acid silv-metimea-

techn A positive raIon is gen by the gnues in the coll
ducts as well as by the ctanic substance m the thin limbs of Henes
-opand int cell Basement also stain strongy. X 700.

FJo 2. Rem] corte of a t after 25 days on the i dient dit For-
malin-ied frzn section stained for TFN lire is a marked
1rei of c activity in hic conlted t The
c of the macuk dnu an the uIp left of the lomnerui show int
st X 450.

Fw. 3. portio of the medulla of a nomal control rat. Fomalin-fized
frozen secto stained for acid po Fme nar its of lead
sulfide i ing enzymatic actvty ae see main in cole -g duts and to
a mer deee i the thin imbs of HenlWs l s and i t cels X 360.

Fmr. nr portion of the Hdla of a at after r days on the poasIu-_
cient diet. Formalin-xed frozen section stained for acid p

ime is int ai , most marked in the thin limbs of Henls lops.
Cn( re withF 3. X 360.

FP5.S. Comeduary o i a normal rat kidey. Formalin-fix frozn
seCtion stained for nonspecific estase. The as ng limbs of Henes los
show unoc~ate staining in otrst to the much stn i of the
proximal convolue tudbu shown at the per edge of the p oh
X9o.

Fmz 6. Cllary region of the kidney shown in Figure 4. Formaln-fixed
fra section stained for o efic ase Note the distinc dminution of
zma ic saiing in thcening limbs of ene's ops as comped to the

normal control sectin F r . X go.
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FIG. 7. Inner renal medulla of a normal rat. Formaln-fixed frozen section stained
for nonspecific esterase activity. The thin limbs of Henle's loops and occasional
interstitial cells show more staining than the collecting ducts. X 360.

FIG. 8. An adjacent area in the kidney shown in Figures 4 and 6. Formalin-fixed
frozen section stained for nonspecific esterase. There is striking staining of the
thin limbs of Henle's loops and interstitial cells. and a somewhat less intense
reaction in the collecting ducts. Compare with Figure 7. X 360.

FIG. 9. Inner medulla of a normal rat kidney. Formalin-fixed frozen section
stained for adznosine triphosphatase activity after - minutes of incubation.
Only the inner cell borders of collecting ducts are stained. Capillaries show
almost no activity after this short incubation period. X 450.

FIG. IO. Inner medulla of the same kidney shown in Figures 4, 6 and 8. Formalin-
fixed frozen section stained for adenosine triphosphatase activity after 5
minutes' incubation. There is markedly increased staining in the outer cell
borders of collecting ducts. Compare with Figure 9. X 450.

FIG. II. Outer portion of the renal medulla in a normal rat. Formalin-fixed frozen
section stained for DPNH diaphorase activity. Staining in collecting ducts is
most striking in some intercalated cells. The thin limbs of Henle's loops show
weak activity. X 360.

FIG. I2. Outer portion of the medulla of the same kidney shown in Figures 4. 6, 8
and IO. Formalin-fixed frozen section stained for DPNH activity. There is a
general increase in staining of cells composing the collecting ducts. There is
also some increase in the staining intensity of the thin lmbs of Henle's loops.
Compare with Figure I I. X 300.
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