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ABSTRACT 

The size, number, and location of lysosomes, phagosomes, and phago-lysosomes in different 
segments of the proximal and distal tubules, in the collecting tubules, and in invading 
macrophages of the kidneys of rats were compared by staining lysosomes (acid phosphatase) 
red, and phagosomes (injected horseradish peroxidase) blue in separate sections, and by 
staining phago-lysosomes purple by successive application of the reactions for the two en- 
zymes in the same sections. It was concluded from these observations that the absorption 
of the foreign protein from the lumen and its gradual digestion in large phago-lysosomes 
took place mainly in the cells of the proximal convoluted tubules of the outer cortex. Sev- 
eral segments of the proximal convoluted tubules were distinguished on the basis of differ- 
ences in the size and location of the phago-lysosomes and the amounts of peroxidase in- 
gested. The distal tubules showed, in addition to moderate numbers of phago-lysosomes, 
many small phagosomes in the apical and basal zones of the cells. Moderate numbers of 
phagosomes and phago-lysosomes were observed in the cells of the collecting tubules. 
Macrophages showing very large phago-lysosomes were seen in the peritubular capillaries 
of the medulla, after injection of peroxidase. When high doses of peroxidase were admin- 
istered, enlarged phago-lysosomes, parts of which seemed to be extruded into the lumen, 
were formed in the terminal segments of the proximal convoluted tubules. 

Horseradish peroxidase can be used as a marker 
protein to study the development of "phagosomes" 
and their relationship to lysosomes. It was ob- 
served in earlier experiments (1) that, a few min- 
utes after the intravenous injection of horseradish 
peroxidase into rats, many phagosomes, in which 
peroxidase was segregated, appeared at the base 
of the brush border of the cells of the proximal 
convoluted tubules and close to the apical mere- 

branes of the cells of the distal tubules of the kid- 
ney. By staining peroxidase-positive granules 
blue, and acid phosphatase-positive granules red 
in the same cells (2, 3), it was shown that the 
newly formed phagosomes were separate from 
preexisting lysosomes during the first 30 minutes 
after treatment, approximately. Later, phagosomes 
and lysosomes were combined, as judged by the 
purple color reaction for the two enzymes in the 
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same granules. Peroxidase disappeared from the 
"phago-lysosomes" gradually over a period of 1 
to 3 days, probably by being degraded by the 
catheptic enzymes concentrated in the granules 
(4). 

In the present work, the properties of the phago- 
somes and phago-lysosomes have been investigated 
in the ceils of different segments of the nephron 1 
hour after treatment and later, when the fusion of 
most phagosomes with the lysosomes was com- 
pleted. Characteristic differences in the size, num- 
ber, and location of the phagosomes and phago- 
lysosomes in the cells of different renal segments 
indicated that certain segments were very active 
in the  absorption of the protein from the lumen 
and its subsequent intracellular digestion, and 
that in other segments an exchange of peroxidase 
might occur between the cells and the peritubular 
capillaries. In still other segments, an extrusion of 
peroxidase from the cells into the lumen was ob- 
served, under certain conditions. 

Since relatively simple staining procedures are 
now available to detect the fusion of lysosomes 
with phagosomes, a stricter definition of the terms 
is indicated. This question has also been discussed 
elsewhere (2). "Lysosomes" were defined by de 
Duve et al. (5, 6) as cytoplasmic granules contain- 
ing certain hydrolytic enzymes. The term "phago- 
some" was proposed (7) to characterize the segre- 
gating ability of cytoplasmic granules. As used 
earlier, the term "phagosome" comprised two 
varieties of the granules: phagocytic or pinocytic 
vacuoles containing ingested materials (for ex- 
ample, horseradish peroxidase) alone, and these 
vacuoles or granules combined with lysosomes 
(hydrolytic enzymes). In order to distinguish the 
: 'pure" (young) lysosomes and phagosomes from 

the combined granules, the term "phago-lyso- 
some" or "lyso-phagosome" was used for the com- 
bined granules in recent reports (2, 3). It should be 
noted that acid phosphatase-positive granules in 
the cells of untreated animals may contain ingested 
materials segregated during the normal function of 
the cells and that no methods may be available to 
detect these materials. 3`herefore, the acid phos- 
phatase-positive granules in the cells of untreated 
animals, called "lysosomes" in the following para- 
graphs, may correspond to "phago-lysosomes" 
containing unknown ingested materials. Phago- 
somes can be identified, by cytochemical means, 
after injection of peroxidase only when they have 
reached a certain size (0.2 to 0.3 tL diameter). 

Since the combined nature of the phago-lyso- 
somes was detected by staining the exogenous 
protein and the endogenous lysosomal enzyme in 
contrasting colors in the same granules, color prints 
were required for illustration. In the present re- 
port, color reproductions of double-stained phago- 
lysosomes are shown mainly for ceils other than 
those of the proximal convolutions. 3-he combined 
nature of granules in the cells of the proximal 
convoluted tubules may be seen in the previous 
color illustrations (3). 

M A T E R I A L S  A N D  M E T H O D S  

Male rats of the Sprague-Dawlcy strain, each weigh- 
ing approximately 200 gm, were used. The animals 
received an intravenous injection of 12 mg/100 gm 
body weight of horseradish peroxidase (type II, 
Sigma Chemical Company, St. Louis). In some ex- 
periments, the dose was increased to 20 rag/100 gm 
body weight; in others, it was reduced to 5, 2, and 
1 mg/100 gm, respectively. In most cases, the tissue 
was removed between 1 and 6 hours following in- 

FIGURE I Phago-lysosomes in ceils of proximal convoluted tubules of outer cortex, stained 
with benzidine, 3 hours after intravenous administration of the standard (lose of horse- 
radish peroxidase. Note the differences in the amounts of ingested peroxidase and the size 
of the granules in the cells of different segments. X 1330. 

FmuaE ~2 Lysosomes in cells of proximal convoluted tubules o[ outer cortex ef untreated 
rat, stained for acid phosphatase. Note the smaller size of the granules as compared to 
those of the peroxMase-treated animals sbown in Figs. l and 3. X 1330. 

FIGUI(E 3 Phago-lysosomes in ceils of proximal convoluted tubules of outer cortex, stained 
for acid phosphatase, 3 hours after injection of pcroxidase. Note tile enlarged size of many 
acid phosphatase-positive granules as compared ta tbose of untreated animal (Fig. ~). 
X 1330. 
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jection and was fixed for 18 hours in a 10 per cent 
solution of formaldehyde containing 30 per cent 
sucrose (8). Some studies were made with kidneys 
removed at 10 or 30 minutes, or at 1, 2 or 3 days 
following treatment. 

Cryostat sections of the fixed tissue were stained 
for peroxidase with benzidine as indicated elsewhere 
(9). For the double staining of the two enzymes, a 
frozen section of the formaldehyde-fixed tissue was 
stained for acid phosphatase with naphthol  AS-TR 
phosphate (phosphate ester of 4'chloro-3-hydroxy-2- 
naphtho-o-toluidine) (Burstone, reference 10) as sub- 
strate and hexazotized pararosaniline as coupler, ac- 
cording to Barka and Anderson (11). Subsequently, 
the same section was stained for peroxidase (3, 8). 
Control sections, stained for acid phosphatase alone 
and for peroxidase alone, were always compared with 
the double-stained preparatons. 

C Y T O C H E M I C A L  O B S E R V A T I O N S  

Proximal  Convoluted Tubules 

A. CELLS WITH LARGE AND INTENSELY- 
STAINED I~HAGO-LYSOSOMES IN THE OUTER 
CORTEX: After t rea tment  with the s tandard  
dose of peroxidase, most of the phago-lysosomes in 
these cells were very large (3 to 5 /z diameter)  
and  were intensely stained for peroxidase; they 
had  the round shapes of "drople ts"  (Fig. 1). The  

majori ty of the granules was located in the apical 
and intermediate  zones of the cells. 

The  lysosomes of untreated animals when  stained 
for acid phosphatase appeared  in a similar location 
in the cells of the outer  cortex. However,  they were, 
in general, of smaller size (1 to 2.5 g diameter)  
(Fig. 2). I t  was possible to detect the increase of 
size of many  granules after t r ea tment  with  peroxi- 
dase, by staining for acid phosphatase (Fig. 3). 

After adminis t ra t ion of the s tandard dose, the 
peroxidase reaction decreased gradually in the 
large phago-lysosomes of the outer  cortex and  
became negative after 3 to 4 days. The  cytochemi- 
cal reaction for acid phosphatase persisted in the 
same granules (Fig. 10). After complete digestion of 
peroxidase, the granules showed again the smaller 
size of the lysosomes of un t rea ted  animals. 

B .  CELLS WITH INTERMEDIATE-SIZED AND 
LESS INTENSELY STAINED PHAGO-LYSOSOMES 
IN THE OUTER CORTEX: The  peroxidase-pos- 
itive granules in these cells, in general,  were smaller 
(0.5 to 2 # diameter) ,  less numerous,  and  less in- 
tensely stained, as compared  to those in the first 
type of cells (Fig. 1). The  granules were aligned in 
apical-basal  direct ion in nar row compar tments  
with  relatively straight borders and sometimes 
had  elongated shapes (Fig. 1 ; see also Fig. 7, refer- 
ence 1). 

FIGURE ~ Phago-lysosomes in cells of proximal convoluted tubules of outer cortex, stained 
with benzidine, 3 hours after injection of peroxidase. Note that  the amounts of ingested 
peroxidase and the size of the phago-lysosomes differ in the cells of different segments, and 
that  the magnification is lower than in Figs. 1 to 3. X 530. 

Fmunn 5 Small phagosomes in cells of proximal convoluted tubules of outer cortex, 
stained with benzidine, 10 minutes after intravenous injection of peroxidase. Note that  
phagosomes develop at the base of the brush border, and that  very small phagosomes are 
present in the basal and intermediate zones (arrow), and that  they seem to be connected 
with the apical phagosomes by fine membranes. (Compare with Fig. 7 in reference 1 show- 
ing the same type of cells at 30 minutes after injection.) The strong staining along the 
peritubular capillaries may be due to peroxidase uptake by macrophages or endothelial cells 
in this animal but was rarely encountered in the outer cortex of other animals. X 1330. 

FIGUI(E 6 Phago-lysosomes in terininal portions of proximal convolution, stained with 
benzidine, 3 hours after injection of peroxidase. Note the smaller size of the granules as com- 
pared to those in the outer cortex (Figs. 1 and 3), and the location of phago-lysosomes close 
to the baseumnt membrane. >( IS30. 

FIGutm 7 Lysosomes in ternfinal portion of proximal convolution ill inner cortex of un- 
treated animal, stained for acid phospbatase. Note tile smaller size of lysosomes in inner 
cortex as compared to those in outer cortex of untreated animal (Fig. ~), and as compared 
to the phago-lysosomes of peroxidase-treated rat (Fig. 6). Note also the location of some 
lysosomes close to the basement membrane. X 1880. 
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The lysosomes of untreated animals when stained 
for acid phosphatase showed a location similar to 
that of the phago-lysosomes of peroxidase-treated 
animals. The increase of size of many acid phos- 
phatase-positive granules was less pronounced and 
their peroxidase reaction less lasting (after the 
standard dose) than in the cells described in sec- 
tion A (Fig. 10)). The  two types of cells seemed to 
be present in the outer cortex in approximately 
equal numbers (Fig. 4). 

In addition to the phago-lysosomes just men- 
tioned, much smaller peroxidase-positive granules 
(0.3 ~ diameter or smaller) were seen in the cells 
of the proximal convolutions (Fig. 5). These 
granules were observed in the apical and basal 
zones of the cells. No reaction for acid phosphatase 
could be detected in these small phagosomes. 

C. C E L L S  O F  T H E  P R O X I M A L  C O N V O L U T E D  

T U B U L E S  IN T H E  I N N E R  C O R T E X  

Administration of low or average doses of peroxidase. 
When peroxidase was adsorbed to the brush bor- 
der, the cells of the terminal portions of the proxi- 
mal convolutions could be identified by the con- 
siderable width of the brush border (see Fig. 3, 
reference 1). In these segments of the nephron, the 
phago-lysosomes were smaller (0.5 to 1.5 # diame- 
ter) and less numerous (Fig. 6) than in the cells of 
the outer cortex. Many phago-lysosomes in these 
cells were located close to the basement mem- 
branes as early as 45 minutes after injection of 
peroxidase. Other phago-lysosomes were present 
in the apical and intermediate zones of the cells. 

The lysosomes in the cells of the terminal por- 
tions of the proximal convolutions of untreated 
animals when stained for acid phosphatase were 
relatively small (0.2 to 0.7 # diameter) (Fig. 7). 
They showed a location similar to that of the 
phago-lysosomes of peroxidase-treated rats (Fig. 
6), including their location close to the basement 
membranes (Fig. 7). The increase of size of many 
granules after treatment with peroxidase could be 
recognized. After administration of the standard 
dose, the peroxidase reaction of the phago-lyso- 
somes became negative approximately 24 hours 
after treatment, whereas the reaction for acid 
phosphatase persisted. After complete digestion 
of peroxidase, the size of the granules was reduced 
to the size shown before treatment. 

Administration of high doses of peroxidase, When 
very high doses of peroxidase were injected, or 
when certain commercial preparations which 

seemed to be toxic were given, the cells of the 
terminal portions of the proximal convolutions 
contained, in addition to the smaller phago-lyso- 
somes mentioned in the preceding paragraph, 
much enlarged phago-lysosomes with irregular 
shapes (Fig. 8). The same treatment caused the 
formation of large vacuoles, containing acid phos- 
phatase and injected peroxidase, in the paren- 
chymal cells of the liver (2, 3), especially in the 
neighborhood of the portal veins. The enlarged 
granules in kidney cells and the large vacuoles in 

liver cells seemed to arise by the fusion of several 
lysosomes and several phagosomes. They probably 

were related to or identical with the "composite 

~FIGuaEs 8 and 9 Enlarged phago-lysosomes, stained 
with benzidine, in terminal portions of proximal convo- 
lution, 1 hour after administration of a high dose of 
peroxidase. Note the large size and irregular shape of 
the bodies, their location in the apical zones of the cells 
(Fig. 8), and their apparent extrusion into the lumen 
(Fig. 9). X 13S0. 
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bodies" described previously (see Figs. 6 to 8, refer- 
ence 12). One hour after treatment, many of the 
enlarged bodies were located in the apical regions 
of the ceils (Figs. 8 and 11). A part of the bodies 
seemed to be extruded into the lumen (Fig. 9). 
The extruded material often included nuclei and 
apical fragments of the cells. At later periods after 
treatment, the enlarged bodies were also seen in the 
intermediate and basal zones of the cells. Whereas 
the peroxidase reaction became negative in the 
normal-sized phago-lysosomes 24 hours after 
treatment, approximately (see the preceding para- 
graph), the enlarged bodies still contained much 
peroxidase 48 hours after injection. 

Distal Tubules 

A. T H I C K  A S C E N D I N G  L I M B S  O F  H E N L E ~ S  

LOOP: Only a moderate number of lysosomes in 
perinuclear location could be detected in the thick 
ascending limbs of untreated animals, by staining 
for acid phosphatase. Early after injection of the 
foreign protein, peroxidase-positive granules ap- 
peared in the apical zones of the cells, separate 
from preexisting lysosomes (Fig. 12). At 1 hour 
after treatment and later, the phagosomes had 
merged with the lysosomes in the apical regions of 
the cells (Fig. 13). The peroxidase reaction be- 
came negative in these phago-lysosomes approxi- 
mately 24 hours after treatment. 

It was characteristic for these cells to show the 
presence of small phagosomes (0.5 # diameter and 
smaller) in the basal zones of the cells and close 
to the basement membrane (Figs. 14 and 21). 
These small granules often appeared to be aligned 
along fine membranes. No reaction for acid phos- 
phatase could be detected in these small phago- 
somes. 

B.  C E L L S  O F  T H E  D I S T A L  T U B U L E S  IN T H E  

OUTER CORTEX: The lysosomes, phagosomes, 
and phago-lysosomes in these segments of the distal 
tubules were respectively similar in properties 
to those in the thick ascending limbs. The lyso- 
somes of untreated rats surrounded the nuclei 
(Fig. 15). One hour after injection of peroxidase 
and later, the lysosomes were combined with 
phagosomes (Fig. 16). Small phagosomes were 
also seen in the basal zones of these cells (Fig. 16). 

Collecting Tubules 

A moderate number of intermediate-sized 
phago-lysosomes (0.5 to 1.0 # diameter) were ob- 
served in the cells of the collecting tubules of the 

inner medulla (Figs. 17 and 22) and of the col- 
lecting tubules of the outer cortex (Fig. 18). Per- 
oxidase-positive granules appeared in these cells 
approximately 30 minutes after administration of 
the standard dose. The reaction disappeared ap- 
proximately 12 hours later. Two types of cells 
were often distinguished in the collecting tubules 
of the inner medulla: one type contained much 
more peroxidase than the other. Since this con- 
centration of peroxidase often was in a diffuse 
form, there was no certainty whether or not it was 
due to an artifact of the treatment. 

Glomerulus 

After treatment with low or average doses of 
peroxidase, certain ceils of the glomerulus con- 
tained small, peroxidase-positive granules (2) 
(Fig. 23). These granules did not show the re- 
action for acid phosphatase (Fig. 19). The per- 
oxidase-positive cells resembled leucocytes stained 
for endogenous peroxidase. However, they may 
also be the phagocytic endothelial cells which have 
been investigated by Farquhar and Palade (13) 
by electron microscopy. A few cells with combined 
phago-lysosomes were seen in the glomerulus (Fig. 
19). 

Maerophages 

After treatment with peroxidase, many macro- 
phages appeared along the capillaries or spaces 
sm'rounding the tubules of the outer and inner 
medulla (Figs. 12, 14, 17 and 24). Their number 
was larger after the administration of low doses 
than after high doses of the foreign protein. 
Phagosomes, containing peroxidase, first were 
seen on the surface of the macrophages (Fig. 12). 
Later, they were located in the interior of the cells 
and reached very large size (3 to 6 # diameter) 
(Figs. 14 and 17). The reaction for acid phospha- 
tase seemed to decrease in the phago-lysosomes of 
the macrophages during the main uptake of per- 
oxidase (2). 

DISCUSSION" 

The experiments have shown that most of the in- 
jected protein was taken up in the kidney by the 
cells of the proximal convolutions. However, the 
cells of the distal tubules and the collecting tu- 
bules, and the macrophages along peritubular 
capillaries of the medulla also contained phago- 
somes and phago-lysosomes in which peroxidase 
was segregated. 
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:FiGs. 10 to ~0, X 660. 

FIGURE 10 Combined staining for acid phosphatase 
and pcroxidase in the cells of the proximal convoluted 
tubules of rats treated with peroxidase 48 hours pre- 
viously. Note that the amounts of peroxidase remaining 
after 48 hours in the phago-lysosomes are similar in 
each tubule section, and that peroxidase disappeared 
from some segments earlier than from others. 

FmuuE 11 Combined staining for acid phosphatase 
and peroxidase in animal injeeted with a high dose of 
peroxidase one hour previously. Note much enlarged 
phago-lysosomes ("composite bodies," see reference 1~) 
with irregular shapes in cells of the terminal segment of 
the proximal convolution, and the relatively small size 
of the "normal" phago-lysosomes in the same cells. 

Fmur~E 1~ Combined staining for acid phosphatase 
and peroxidase in cells of thick ascending limbs of outer 
medulla in animal treated with peroxidase 15 minutes 

previously. Note the separate Ioeation of phagosomes 
and lysos()mes in tlle ('ells of the thick aseemting limbs; 
note also the adsorption of peroxidase to the surface 
mcmt)ranes of macrophages, located in the peritubular 
capillaries or spaces, and the development of phagu- 
somes close to these membranes. 

FIGVRE 13 Combined staining for acid phosphata~ 
and peroxidase in cells of thick ascending limbs, 3 hours 
after injection of peroxidase. Note that phagosomes 
and lysosomes are combined as shown by the inter- 
mediate color; compare this color with that of a prepara- 
tion stained for peroxidase alone (Fig. 14). 

FI(~U~E 14 Staining for peroxidase alone in the thick 
ascending limbs of the outer medulla, :3 hours after 
injection of the standard dose. Note the presence of 
phagosomes in all zones of the cells, including the basal 
zones. Note also the very large phagosomes in macro- 
phages present in the peritubular capillaries or spaces. 
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FmURE 15 Staining for acid phosphatase alone of 
lysosomes in distal tubules of outer cortex of untreated 
rat. Note the perinuclear location of lysosomes in distal 
tubules, and the difference in the size of the lysosomcs 
in the proximal and distal tubules of the outer cortex. 

I~GVn~ 16 Combined staining for acid phosphatase 
and peroxidase in phago-lysosomes of distal tubules in 
outer cortex, 1 hour after injection of peroxidase. Note 
the presence of small phagosomes in the basal zones of 
the distal tubule cells, and the difference of size among 
the phago-lysosomes in the distal and proximal tubules 
in the outer cortex. 

FIGtT~¢~ 17 Combined staining for acid phosphatase 
and peroxidase in phago-lysosomes in cells of collecting 
tubules of inner medulla, 6 hours after the injection of 
peroxidase. Note also that  inacrophages, located in the 
peritubular capillaries or spaces, contain phago-lyso- 
somes (not in sharp focus). 

F/GUnE lS Combined staining for acid phosphatase 
and peroxidase in phago-lysosomes of collecting tubules 
ill outer cortex, ~4 hours after treatment with peroxi- 
dase. Ill other e~lses, pcroxidase did not persist ill these 
cells as long as it (lid in this animal. 

FIGURE 19 Combined staining for acid phosphatase 
and peroxidase in glomerulus, S hours after injection of 
peroxidase. Note peroxidase-positive granules in cell of 
glomerulus, the absence of acid phosphatase reaction 
there, and the presence of a few phago-lysosomes in 
another cell of the glomerulus. 

FIGURE £0 Combined staining for acid phosphatase 
and peroxidase ill ceils of proximal convolution, S0 
minutes after injection of peroxidase. Note the location 
of a phagosome adjacent to a lysosome, probably 
preceding their fusion. 
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FIGURE 21 Phago-lysosomes and small phagosomes in cells of thick ascending limbs of outer medulla, 
stained with t)enzidine, 8 hours after injection of peroxidase. Note that  small phagosomes are present in the 
basal regions of the cells. The staining of the nuclei probably is an artifact. X t88(). 

~'IGI)'RE 2~ Phago-lysosomes in cells of collecting tubules of inner medulla, stained with benzidine, 3 hours 
after injection of peroxidase. ) 1330. 

FIGUHE ~23 Small peroxidase-positive granules in cells of glomerulus, stained with benzidine, 1 hour after 
injection of peroxidase. X 1380. 

FIGVnE 24 Maerophages in medulla, stained with benzidine, 1 hour after injection of peroxldase. X 130. 

As has been discussed in an earlier report  (1), 
the appearance  of peroxidase in large phagosomes 
close to the luminal  surface of the tubule cells, a 
few minutes  after injection, may  be taken to indi- 
cate tha t  the protein was absorbed from the lumen 
by a process related to pinocytosis. This  is in agree- 
men t  with  observations made by Mil ler  (14) by 
electron microscopy on the absorpt ion of hemo- 

globin in the convoluted tubules. It also agrees 
with the opinion of o ther  investigators (15-18) 
tha t  proteins with  a molecular  weight  below 70,000 
pass the glomerulus and are reabsorbed by the 
cells of the proximal convoluted tubules. 

At  least two kinds of cells, in approximate ly  
equal  numbers ,  were observed in the outer cortex. 

The  phago-lysosomes of one type are large and  
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intensely stained; those of the other type are 
smaller and less intensely stained (Fig. 1). The 
two types of cells probably belong to different 
segments of the proximal convolution. The differ- 
ent size and staining intensity of the phago- 
lysosomes in these cells was related to differences 
in the amounts of ingested peroxidase, the size of 
the phago-lysosomes increasing with the amounts 
of peroxidase reabsorbed. 

The third type of cell in the inner cortex 1 could 
be identified readily by its wide brush border (20, 
21) as belonging to the terminal portions of the 
proximal convoluted tubules. After injection of low 
and average doses of peroxidase, the phago- 
lysosomes in these cells were smaller and less 
numerous (Fig. 6) than in the cells of the outer 
cortex. This difference may be related to the 
smaller size of the preexisting lysosomes (Fig. 7) as 
well as to the smaller amounts of ingested per- 
oxidase. The location of many phago-lysosomes 
close to the basement membranes distinguished 
these cells of the inner cortex from those in the 
proximal convolutions of the outer cortex where 
relatively few granules extended to the basement 
membranes, early after treatment. It is of interest 
that Sj6strand (22) distinguished 4 segments of 
the proximal convolutions and that he described 
in these cells cytoplasmic granules with character- 
istic properties of fluorescence. Since Tappel (23) 
found the fluorescence spectrum of flavin com- 
pounds in highly purified lysosomes, a part of the 
fluorescent granules seen by Sj6strand may have 
been lysosomes. 

It was discussed previously (2, 3) that the pres- 
ence of peroxidase and acid phosphatase in the 
same granules probably resulted from the fusion 
of newly formed phagosomes with preexisting 
lysosomes. Since Miller (2) and Novikoff (2) 
seemed to suggest a different interpretation, i.e. 
the transport of acid phosphatase to the phago- 
somes in submicroscopic packets, the reasons for 
our interpretation may be restated briefly. Thirty 
minutes after injection of peroxidase, blue-stained 
phagosomes were seen to lie adjacent to red- 
stained lysosomes (Fig. 20; and Fig. 3, reference 

The terminology used by different authors for the 
zones of the kidney is not uniform. In the present 
text, the terms outer and inner cortex and outer and 
inner medulla correspond to those used by Sternberg 
et al. (19) in their excellent study on the histochemical 
differentiation of renal segments by staining for oxida- 
tive enzymes. 

3). One hour after injection of peroxidase, and 
later, most of the acid phosphatase-positive gran- 
ules in the proximal convolutions of the outer 
cortex contained peroxidase (Figs. 4 and 6, 
reference 3). If the acid phosphatase had been 
transported in submicroscopic packets to the 
newly formed phagosomes, the preexisting lyso- 
somes probably would have remained free of per- 
oxidase. Since this was not the case, it was 
concluded that they fused with phagosomes. 

In addition to the fusion of relatively large 
phagosomes with preexisting lysosomes, a vari- 
ation of this process seems to occur frequently: 
the fusion of very small phagosomes (micropino- 
cytic vesicles, 0.3 # or smaller) with the lysosomes. 
It was mentioned that lysosomes in untreated 
animals (Fig. 7) and phago-lysosomes in per- 
oxidase-injected animals (Fig. 6) in the cells of the 
terminal portions of the proximal convoluted 
tubules were located close to the basement mem- 
branes. Since peroxidase first entered these cells 
at the base of the brush border (1-3), a transport 
of the protein from one pole of the cell to the other 
must have taken place within a relatively short 
time. It is suggested that this intracellular transport 
of peroxidase to the lysosomes is mediated by 
small phagosomes (micropinocytic vesicles) origi- 
nating at the base of the brush border or from the 
larger phagocytic vacuoles themselves (Fig. 5). 
This latter process may explain why some of the 
peroxidase, originally located at the base of the 
brush border, seemed to be displaced toward a 
more basal location, later. The derivation of small 
phagosomes from larger phagocytic vacuoles may 
be similar to the formation of small pinocytic 
vesicles from large food vacuoles in protozoa, as 
observed in the electron microscope by Mercer 
(24), Roth (25), and Jm-and (26). The formation 
of micropinocytic vesicles from the surface mem- 
branes of kidney ceils, and the transport, by these 
vesicles, of ingested proteins to large granules was 
demonstrated in electron micrographs by Farquhar  
and Palade (27) and by Miller (14). 

The question whether or not a part of the in- 
gested peroxidase is transported by small phago- 
somes (micropinocytic vesicles) out of the tubule 
ceils across the basal membranes of the cells is 
still under  investigation. The possibility of a trans- 
port of peroxidase through the endoplasmic 
reticulum and the infoldings of the basal mem- 
branes of the cells to the peritubular capillaries or 
spaces has been discussed previously (1, 12, 28). 
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If such a transport takes place, it may occur mainly 
in the cells of the distal tubules where many smalI 
phagosomes were seen in the basal zones of the 
cells and where many macrophages containing 
peroxidase were located along the surrounding 
capillaries. Since the cells of the distal tubules con- 
tained only a few perinuclear lysosomes prior to 
the treatment with peroxidase, relatively few 
phago-lysosomes were formed early after the ab- 
sorption of peroxidase from the lumen. Most of the 
peroxidase taken into the cells at one pole may 
have been transported by small phagosomes across 
and out of the cells at the other pole. A new for- 
mation of lysosomes and lysosomal enzymes may 
take place in the cells of the distal tubules at later 
periods after injection of peroxidase. 

An extrusion of peroxidase into the lumen 
seemed to occur in the terminal portions of the 
proximal convoluted tubules (Figs. 8 and 9), 
when the close of peroxidase was very high, or when 
certain commercial preparations which seemed 
to be toxic were used. Under these conditions, 
increased numbers of phagosomes were formed, 
and several phagosomes fused with several lyso- 
somes. These "composite bodies," which may have 
included also cell fragments (nuclei, mitochondria, 
brush border material) (12), probably belong to 
the same type of enlarged lysosomes observed, in 
the electron microscope, by several investigators 
(29-34) in the kidney and in other cells after 
various treatments. The extrusion of enlarged 
lysosomes, nuclei, and material of the brush 
border from cells of the proximal convoluted 
tubules, after ligation of the urether, was reported 
by Novikoff (30). 

It was mentioned briefly in previous reports 
(2, 3) that l ane  vacuoles or spheres containing 
acid phosphatase and injected peroxidase were 
formed from merging lysosomes and phagosomes 
in liver cells after iniury. The vacuolar changes in 
liver cells and the extrusion of enlarged phago- 
lysosomes and cell fragments from kidney cells 
occurred in the same animals. It was discussed (2) 
that the large vacuoles in liver cells may have been 
responsible for the increased amounts of lysosomal 
enzymes detected in the supernatant fluids of liver 
homogenates after injury (35, 36). A shift of 
lysosomal enzymes from the granular fractions to 
the supernatant fluids was also noted in the case 
of the kidney after administration of a massive dose 
of egg white (37). It may be suggested, from all 
these observations, that during the (pathological) 

fusion of several lysosomes and several phagosomes 
a partial release of lysosomal enzymes into the 
cytoplasm may occur in vivo. The ceils might react 
against this irritation by segregating from the rest 
of the cytoplasm the areas most affected and, in 
some cases, by extruding these fragments. 

As was shown by Parker, Swann, and Sinclair 
(38), Hanssen (39), and Longley and Burstone 
(40), a rapid exchange of materials between the 
cells of the proximal convoluted tubules and the 
lumen takes place postmortem if this is not pre- 
vented by immediate fixation. Since similar 
changes probably also occurred postmortem during 
the present experiments, they may be confused 
with changes in vivo. However, the extrusion of 
phago-lysosomes and cell fragments, which was 
observed in the proximal convolutions of the inner 
cortex, probably occurred in vivo. Such changes were 
not seen in preparations, stained for acid phospha- 
tase, from untreated animals, or from animals 
which had received low or average doses of per- 
oxidase. The continued excretion of low amounts 
of peroxidase in the urine for several days after 
the disappearance of peroxidase from the blood, as 
long as phagosomes were present in the cells of 
the proximal convoluted tubules (41), can best be 
understood by the extrusion of peroxidase from the 
tubule cells. 

It is now possible to correlate previous data (41) 
on the concentration of injected peroxidase in 
isolated fractions with the data from the present 
observations. A colorimetric analysis had shown 
that there was a relatively slow decrease, over a 
period of several days, of injected horseradish 
peroxidase in the large granule fraction (1 to 5 
diameter), a more rapid decrease of peroxidase in 
the fraction containing intermediate-sized phago- 
lysosomes (0.5 to 1.5 # diameter), and an even 
more rapid decrease of peroxidase in the micro- 
somal fractions (41). These observations can now 
be understood, in part, by the relatively long 
persistence of peroxidase in the large phago-lyso- 
somes in the outer cortex, and by the faster dis- 
appearance of peroxidase from the intermediate- 
sized phago-lysosomes in the other segments of the 
nephron. The rapid decrease of peroxidase in the 
microsomal fractions (41) may be related to the 
transport of peroxidase, by small phagosomes of 
microsomal size, to preexisting lysosomes or to the 
transport of peroxidase out of the cells. 

After double staining for acid phosphatase and 
peroxidase in the same granules at different in- 
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tervals following treatment, the digestion of per- 
oxidase in individual phago-lysosomes, probably 
by catheptic enzymes (see footnote 3, reference 3), 
could be estimated from the shades of color be- 
tween blue and red. In general, the staining in- 
tensity for peroxidase at different intervals after 
administration was similar in many phago-lyso- 
somes of the same cells, and the foreign protein 
disappeared from many granules of the same cells 
at approximately the same intervals following 
treatment (Fig. 10; see also Fig. 7, reference 3). 
Only one exception ~vas noted. Peroxidase per- 
sisted much longer in the "composite bodies" of 
the ceils of the terminal portions of the proximal 
convolutions than in the "normal"  phago- 
lysosomes of smaller size in the same cells. The 
persistence of peroxidase in the phago-lysosomes 
was very unequal,  however, in the ceils of different 
segments. This can be readily understood by the 
unequal  amounts of peroxidase originally taken 
up in different segments. It  could not yet be de- 
termined whether or not different amounts of 
peroxidase passed the glomeruli of different 
nephrons and thus contributed to the unequal  
uptake and disposal of peroxidase in different 

segments. It is also not known whether or not the 
concentration of cathepsin differed in the lyso- 
somes and phago-lysosomes of the cells of different 
segments. The relatively slow disposal of peroxidase 
in the "composite bodies," mentioned above, may 
be due to a loss of cathepsin from these particles, as 
discussed in a preceding paragraph. 

It  was attempted to reach a better understanding 
of the cytochemical properties of the phagosomes 
and phago-lysosomes under  physiological condi- 
tions before considering pathological effects. Un-  
expectedly, the formation of "composite bodies" 
in the terminal segments of the proximal convolu- 
tions of the kidney and the formation of large 
vacuoles in liver cells (2, 3) have already raised 
questions with implications for pathology. Since 
the "hyaline drople!s" of kidney ceils have often 
been related to pathological changes, the applica- 
tion of the peroxidase procedure to pathological 
tissues may be of interest. 
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