Ultrastructure of the Proximal Tubule of
the Rhesus Monkey Kidney
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THE FINE STRUCTURE of the normal nonprimate mammalian
kidney has been a favorite subject of investigators.}-20 With the excep-
tion of the human, however,!%21-28 the primate kidney has received very
little attention.2®-33 This investigation was undertaken to define the ultra-
structure of the proximal tubule of the nondiseased rhesus monkey
(Macaca mulatta) kidney and to compare the findings with those noted
previously in the nondiseased human kidney. A second goal of the study
was the determination of the ultrastructural alterations that can be as-
cribed to the methods of procurement and preparation of percutaneous
renal biopsies. Therefore, in each animal, renal tissue was prepared for
electron microscopy by immersion fixation of percutaneous biopsies and
by in-vivo intravascular perfusion of the intact kidney using several dif-
ferent fixative and buffer combinations.

Materials and Methods

Eight young healthy rhesus monkeys (Macaca mulatta), 6 males and 2 females,
weighing 2.7-4.4 kg were studied.} The animals were fed a standard laboratory
diet supplemented with fresh fruit and were allowed free access to water. They
were housed in individual cages and placed periodically in metabolic chairs
(Foringer—Rockville, Md) to facilitate collection of urine and blood samples.
To determine that the animals were generally healthy and free of renal disease,
the following laboratory tests were performed on some or all of the animals:
creatinine, sodium, potassium, chloride, total carbon dioxide, plasma urea nitrogen,
hematocrit, white blood cell count, urinalyses, and 24-hr creatinine clearances.
The results of these tests are tabulated in Table 1.

A percutaneous renal biopsy was performed on each animal and the tissue was
immediately placed in fixatives for light and electron microscopy. Later, each
animal was opened abdominally and in 5 of the 8 animals, the previously biopsied
kidney was removed and fixed for light microscopy. The remaining kidney was
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Table 1. Resuits of Laboratory Tests

Animal
Test | " m wv v vi vil Vil
Plasma urea

nitrogen (mg/100 ml) 16.6 115 172 15.7 174 137 174 255
Creatinine

(mg/100 ml) 077 071 075 067 098 098 0.74 0.67
Sodium (mEq/liter) 148 149 149 — 141 152 150 152
Potassium (mEq/liter) 49 46 5.2 — 30 50 46 37
Chloride (mEq/liter) — 111 107 — 104 107 105 104
Total carbon

dioxide (mEq/liter) 2.7 211 — 270 212 230 29.0

Hematocrit (Volumes %)
WBC count (cu mm)
Urine albumin

39 37 40 38 39 40 37
11,300 7650 4900 7400 12,900 6800 10,500
Neg Neg Neg Neg Neg Neg Neg

Urine sediment _ Neg Neg —_ Neg Neg
Creatinine
clearance (mi/min/kg) —_ 3.2 25 3.2 —_ 22 3.2 35

perfused intravascularly with glutaraldehyde or osmium tetroxide in a manner
similar to that described by Griffith, Bulger, and Trump.?® In 3 of the 8 animals,
the biopsied kidney was not removed and both were perfused. In all biopsy a.nd
surgical procedures, Sernylan (Parke, Davis and Company) or Semnylan supple-
mented with pentobarbital was used as the anesthetic agent. In the in-vivo intra-
vascular perfusion procedure, the kidneys were usually “fushed” with 15-25 ml
of isotonic saline and then immediately perfused with fixative at 25°-37° for 1-5
min at a constant pressure of 160-180 mm Hg. After immediate excision, the
kidney was divided into specific regions, including the outer cortex, juxta-medullary
cortex, outer medulla, and inner medulla, and processed for electron microscopy.
In addition, sagittal sections, 1-2 mm thick, extending from the cortex to the
papillary tip, were taken in some animals.

Preparation for Electron Microscopy

Tissues obtained by percutaneous biopsy were immediately diced into 1 mm
cubes and placed in a variety of fixatives. Tissue preserved by in-vivo intravascular
perfusion was handled in a similar manner. The fixatives employed were (A) 1%
osmium tetroxide in phosphate buffer—total duration of fixation, 1-1% hr; (B)
29% osmium tetroxide in 0.1 M s-collidine—total duration of fixation, 1-2 hr;
(C) 2% glutaraldehyde in 0.025-0.1 M sodium cacodylate buffer—total duration
of fixation, 5~8 hr—rinsed in 0.067-0.1 M sodium cacodylate buffer with 5%
sucrose for 16 hr and post-ﬁxedin 29% osmium tetroxide in 0.1 m s-collidine or
19 osmium tetroxide in phosphate buffer for 1 hr; (D) 6.25% glutaraldehyde
buEeredmOlMsodnnncacodylate——totaldumﬁonofﬁxahonB hr—rinsed in
0.1 M sodium cacodylate with 7.5% sucrose for 16 hr, and post-fixed 1 hr in
29% osmium tetroxide in 0.1 M s-collidine; (E) Same as (D) except post-fixation
in 1% osmium tetroxide in phosphate buffer for 1 hr. The fixatives used in each
animal are listed in Table 2.

All tissue underwent dehydration in a graded series of alcohols and was em-
bedded in Epon epoxy resin.’* Ultrathin sections were cut on Porter-Blum and
LKB ultramicrotomes with glass and diamond knives. Sections were mounted on
both supported and unsupported copper grids and were stained in aqueous uranyl
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Table 2. Method of Tissue Preservation

g
k|

Immersion bilopsy

n AB,D
n B,C

v AB,C

vi AB,C
vii AB,CE
vil AB,D,

® Invivo intravascular perfusion.
t Unsuccessful perfusion.

acetate ** for 10-120 min and counterstained with lead citrate * for 3-10 min
before examination in an RCA EMU-3H electron microscope.

o
>P4+MOOT—+>

Basement Membrane Measurements
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Table 3. Comparison of Basement Membrane Thickness in Three Segments of the
Proximal Tubule of the Rhesus Monkey

Minimum thickness Maximum thickness
No. of Mean Mean
measure- + SEM Range + SEM Range
Segment ments (A) (A) (A) ) (A)
First 56 2550*+107 12574470 3845*+154 2184-6515
Second 56 1460*+ 83 680-3333 2672*+137 1162-5833
Third 56 703 + 28 363-1101 1523 += 67 731-3252

* p = <0.001 compared with third segment.

Results

Light Microscopy—In-Vivo Intravascular Perfusion (IVIP)

Three distinct segments of the proximal tubule were identified by
both light and electron microscopy. These segments were defined by the
morphology of their individual cellular components and by their relation-
ship to other regions of the nephron. The first segment which, in general,
corresponded to the pars convoluta began as an abrupt transition from
the flattened squamous epithelial cells lining Bowman’s capsule to tall
columnar cells which exhibited a well developed PAS positive brush
border (Fig 1). This transition was observed by light microscopy on
numerous occasions in each animal and studied by electron microscopy a
total of five times in five different animals; its appearance was always the
same. In optimally preserved material fixed by IVIP, open tubular lu-
mens were seen in all three segments of the proximal tubule. By light
microscopy, the columnar cells of the first segment were slightly taller
than those of the second segment and possessed a longer and more reg-
ularly structured brush border (Fig 2). The mitochondria were closely
packed and generally elongate. The cells of the first segment stained
more intensely with toluidine blue than those in the other two segments
of the proximal tubule.

Cells composing the middle or second segment of the proximal tubule
were low columnar in shape and possessed a shorter and often more
irregular brush border than the first segment (Fig 3). Mitochondria were
more tortuous and seldom elongate. The accumulation of lipid droplets
near the cell base was a more constant feature within this region and
helped distinguish it from the first segment.

By identifying the beginning of the descending portion of the proximal
tubule on large sagittal sections it was possible to define a gradual transi-
tion from the middle or second segment to the third segment, the latter
corresponding in general to the distal pars recta. The cells of the third
segment were cuboidal in shape, exhibited a convex luminal surface
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covered by a distinct brush border, and contained fewer organelles than
the first two segments of the proximal tubule (Fig 4). There was a grad-
ual transition from the terminal proximal tubule to the thin descending
limb of Henle (Fig 5). The cells comprising the terminal proximal tubule
and early thin limb generally contained large accumulations of lipo-
fuscin, which on hematoxyln and eosin sections appeared golden brown
in color.

Electron Microscopy—in-Vivo Intravascular Perfusion (IVIP)

In confirmation of the light microscopy findings, the transition from
the low-lying parietal epithelium lining Bowman’s capsule to the tall
columnar epithelial cells of the initial portion of the first segment of the
proximal tubule was abrupt (Fig6).

First Segment

In the first segment of the proximal tubule, interdigitations of the tall
columnar cells with one another were extensive, particularly at the cell
base (Fig 7 and 8). However, true basilar infoldings where the infolded
plasma membrane returned to the original point of inflection were not
observed. In both the first and second segments of the proximal tubule,
evaginations of the base of the cell projecting into folds or outpouchings
of the basement membrane were frequently observed (Fig 9). Bands of
coarse fibrils extended perpendicularly across the mouth’s or neck’s of
most of these cellular evaginations.

The junctional complexes resembled those of the human kidney. The
zonula occludens, or tight junction, nearest the tubular lumen, was very
narrow, while the zonula adhaerens, or intermediate junction, situated
immediately beneath the zonula occludens, was much wider. The macula
adhaerens, or desmosome, was situated between the intermediate junc-
tion and the cell base.

Apical Cell Region. The plasma membrane along the apical cell
boundary formed a brush border composed of long slender microvilli
Between the microvilli, deep invaginations of the plasma membrane
formed open tubular structures which appeared on cross section as small
coated vesicles (Fig 10 and 11). The small coated vesicles exhibited an
organized internal lining of short filaments resembling the glycocalyx of
the apical cell membrane. Externally, these same vesicles had a coating
of radially directed short bristles or spines identical to the bristle-like or
spiney layer on the intracellular side of the deep invaginations of the
apical plasmalemma.

A second distinct type of coated vesicle was also evident, especially
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in tissue preserved by IVIP with 6.25% glutaraldehyde. These vesicles
were larger and possessed a dense internal lining and, in many instances,
a definite internal limiting membrane (Fig 10 and 11). In the majority
of these structures there was no bristle-like layer external to the outer
limiting membrane as noted with the first type of apical vesicle.

Large apical vacuoles were common in this segment (Fig 7). These
vacuoles possessed an internal flocculent lining similar to the smaller
apical vesicles but were devoid of an external bristle coat.

In addition to the tubular structure formed as a result of grazing or
tangential sectioning of the invaginations of the apical plasmalemma,
an extensive system of dense tubules was observed coursing through the
apical region of the cell. They were commonly observed in direct con-
nection with the larger type of apical vesicles described above (Fig 10
and 11). Cross-sections of this tubular system gave rise to a third type
of small dense circular structure (Fig 11). Dense tubules were occasion-
ally observed opening directly into lateral intercellular spaces in the
apical cell region (Fig 12).

Mitochondria. The mitochondria were generally elongated and
rather tortuous structures which frequently extended from the cell base
to the cell apex (Fig 7). Within this segment of the proximal tubule they
were often closely associated with plications of the basal plasmalemma
(Fig 7 and 8). The cristae were generally oriented at right angles to the
axis of the mitochondrion. Matrical granules were electron dense and
often had a rosette configuration. The presence of intramitochondrial
inclusions was an interesting finding. These will be described in more
detail in a later section of this paper.

Golgi complex, endoplasmic reticulum, and ribosomes. Within the
first segment of the proximal tubule, the Golgi complex was located in
the upper half of the cell lateral to or above the nucleus and was com-
posed of cisternae and various sized vesicles (Fig 7). Profiles of smooth-
and rough-surfaced endoplasmic reticulum were present in abundant
quantities throughout the cells of the first segment. The largest aggrega-
tions of endoplasmic reticuilum were arranged in “stacks™ contiguous
with clusters of elongate microbodies (Fig 13). Free ribonucleonprotein
particles (RNP) were scattered throughout the cells, but were present
in greatest concentration in the lower two-thirds of the cell

Microbodies. Microbodies were the most common single membrane-
limited inclusion body (SMLIB) observed in the first segment of the
taraldehyde or osmium tetroxide, most microbodies were dense elongate
structures measuring up to 1.2 x in length and 0.8 p or greater in width.
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They were always closely associated with profiles of smooth- and rough-
surfaced endoplasmic reticulum. When observed in clusters, the long
axis of the microbody was oriented parallel to cisternal profiles or “stacks”
of smooth- and rough-surfaced endoplasmic reticulum (Fig 13-15). The
microbody possessed one or two peripheral linear densities or marginal
plates % which were contiguous with the inner aspect of the outer limit-
ing membrane of the organelle. The endoplasmic reticulum was usually
closely associated with that portion of the outer limiting membrane ad-
jacent to the marginal plate of the microbody. Regardless of the fixative
employed, when tissue was preserved by IVIP, the microbody matrix was
more dense than the surrounding cytoplasm and was usually more dense
than the matrix of adjacent mitochondria. In optimally preserved tissue,
dense nucleoid structures were not observed within the microbody.

The marginal plate was often multilayered, each layer measuring ap-
proximately 150 A in thickness (Fig 14). The individual layers exhibited
a regular periodicity of 125 A, suggesting the existence of a well-orga-
nized internal structure (Fig 14 and 15).

Cytosomes. In the early “neck” region, cytosomes containing multi-
ple small dense inclusions were present, generally in the apical region
of the cell (Fig 16). Rarely were similar appearing cytosomes observed
in more distant regions of the proximal tubule. Throughout the re-
mainder of the first segment, cytosomes were numerous and often very
irregular in shape. In tissue preserved by IVIP with 1% osmium tetroxide
in phosphate buffers, the majority of the cytosomes were very electron
dense, exhibited a homogeneous background matrix, and often contained
membranous fragments and other debris (Fig 17). In marked contrast,
the majority of cytosomes in similar tissue preserved by IVIP with 2%
osmium tetroxide buffered with s-collidine demonstrated an extremely
pale, homogeneous background matrix (Fig 18). Again, many of the
bodies contained membranous fragments and other debris. The majority
of cytosomes observed in tissue preserved by IVIP with 6.25% glu-
taraldehyde were dense and homogeneous in character (Fig 19). Re-
gardless of the fixative employed, frequent “intermediate” morphologic
forms of cytosomes were present throughout the cells of the first segment
of the proximal tubule.

Cytosegresomes (autophagic vacuoles). This type of cytoplasmic
body, which contains recognizable organelles surrounded by one or
more outer limiting membranes, was much less common throughout the
initial or first segment of the proximal tubule than were the cytosomes.
Cytosegresomes were distributed randomly through the proximal tubule
cells. The most frequent cellular organelle within the cytosegresome was
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the mitochondrion, although microbodies, multivesicular bodies, and
free RNP particles (ribosomes) were also observed (Fig 19-21).

Multivesicular Bodies. Within the first segment, multivesicular
bodies were the least common SMLIB of the four types present. When
observed, they were usually located in the apical region of the cell or
near the Golgi complex. They varied considerably in size and appear-
ance. The background matrix was characteristically pale and the vesicu-
lar components were usually uniform in size (Fig 7). Vesicles of similar
appearance were sometimes located adjacent to these bodies. Some
multivesicular bodies exhibited a dense background matrix while others
contained vesicles of several sizes. The latter type of inclusion body
was not observed near the Golgi complex.

Lipid. In the first segment, lipid droplets which appeared to be
membrane-bound were present in small numbers near the cell base
(Fig 8 and 9). In glutaraldehyde-fixed tissue, most lipid droplets ap-
peared electron lucent, but occasionally they contained small collections
of irregular membranous fragments. In osmium tetroxide-fixed tissues,
the lipid droplets were homogeneous and slightly more radiopaque in
appearance; however, the presence of a limiting membrane was less
obvious.

Basement Membrane. The basement membrane of the first segment
of the proximal tubule was continuous with that of Bowman’s capsule
and its appearance was identical. It was composed of a homogeneous
dense ground substance containing numerous fine filaments. It was oc-
casionally multilayered or laminated and extremely variable in thickness,
ranging from 1257 to 6515 A, in tissue fixed by IVIP. The mean values
of the thinnest and thickest regions of the basement membrane made on
28 representative electron micrographs were 2550 + 107 A and 3845 +
154 A, respectively (Table 3). As shown in Table 4, there was no signifi-
cant difference in membrane thickness between the tissue fixed in
osmium tetroxide and that fixed in glutaraldehyde, when the fixatives
were applied by IVIP. Frequently, bundles of filaments were observed
at the base of proximal tubule cells adjacent to the basement membrane
(Fig 9).

Nucleus. The nucleus within the cells of this segment of the proximal
tubule were basally-placed and generally spherical in shape. They re-
sembled the nuclei described in other mammalian proximal tubules.

Ground Substance. The ground substance of cells in the first seg-
ment of the proximal tubule was composed of a uniform thin flocculent
material. In glutaraldehyde-fixed tissue, the ground substance was more
dense than that of tissue preserved primarily in osmium tetroxide. In
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addition to the orgarelles and structures described in the preceeding
paragraphs, an extensive system of microtubules was present coursing
throughout the cell. This system was most evident in glutaraldehyde-
fixed tissue.

Second Segment

Cells comprising the second segment of the proximal tubule were
generally simpler in shape and configuration, and basilar invaginations
of the plasmalemma enclosing mitochondrial profiles were less common.
Again, true basilar infoldings of the plasmalemma were not observed.
The junctional complexes were similar to those in the first segment.

The microvilli forming the brush border were shorter, more irregular,
and more widely separated when contrasted to those in the first segment,
and invaginations of the apical plasmalemma were usually shallower
(Fig 22). The apical vesicles and tubules were similar in appearance
but not as extensively developed as in the first segment. However, large
apical vacuoles were more prevalent in this region, a feature which was
discernible by both light and electron microscopy.

Elongate mitochondria were less frequent in the second segment, the
majority being more spherical or ovoid. The internal configuration was
identical to its counterpart in the first segment.

The Golgi complex did not vary in configuration or position from its
counterpart in the first segment and the concentration of the smooth-
and rough-surfaced endoplasmic reticulum as well as the free ribosomes
was similar to the first segment. There was no marked difference in the
configuration, number, or distribution of cytosomes, cytosegresomes,
microbodies, or multivesicular bodies in the second segment when com-
pared with the first segment. However, lipid droplets were more common
in the second segment than the first. Although similar in appearance,
the basement membrane was considerably less thick in the second seg-
ment than the first. The mean values of the thinnest and thickest regions
of the membrane were 1460 = 83 A and 2672 * 137 A, respectively. The
membrane varied in thickness from 680 to 5833 A (Table 3).

Third Segment

Cells of the third segment developed an apical convexity, decreased in
height, and assumed a cuboidal configuration (Fig 23). Basal plasma-
lemma invaginations and lateral cell interdigitations decreased markedly
and mitochondria were rarely enclosed within plications of the basal
plasmalemma.

The apical plasmalemma formed a distinct, but less extensive, brush
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border composed of shorter microvilli. In the distal or terminal regions
of the third segment, the microvilli were often absent over short seg-
ments of the cell surface (Fig 24).

Deep invaginations of the apical plasmalemma were rarely observed
in this segment. Open and dense tubules and large apical vacuoles, al-
though present, were uncommon. However, apical vesicles, particularly
the coated variety, were numerous (Fig 23 and 24).

Elongate mitochondria were seldom observed within the third seg-
ment of the proximal tubule, but spherical and ovoid forms were nu-
merous. Their internal configuration of cristae and matrical granules
resembled other regions of the proximal tubule.

The Golgi complex was well developed and was usually positioned
above or lateral to the nucleus. Rough-surfaced endoplasmic reticulum
and free ribosomes were not as extensive in this segment, but smooth-
surfaced endoplasmic reticulum was abundant.

Microbodies were the most common SMLIB observed in this segment
of the proximal tubule (Fig 23). In contrast to the first segment, they
seldom displayed an elongate configuration, but were always closely
associated with profiles of smooth-surfaced endoplasmic reticulum. Not
infrequently, processes extended from these organelles into the sur-
rounding cytoplasm, which probably represented connections with the
endoplasmic reticulum (Fig 25).

Multivesicular bodies were more numerous within this segment than
in any other region of the proximal tubule. They were scattered through-
out the cell but were present in greatest numbers in the apical region,
just beneath the microvilli (Fig 24). They varied markedly in size and
shape, especially those in the apical cell region. As noted in other seg-
ments of the proximal tubule, the vesicles within the bodies varied in
number and size. The background matrix within the multivesicular
bodies was often very dense.

Cytosomes and especially cytosegresomes were relatively uncommon
throughout most of the third segment of the proximal tubule. When
present, most cytosomes were homogeneous in character, their density
depending primarily on the type of fixative employed. In the terminal
portions of this segment at the transition into the thin descending limb
of Henle, large collections of lipofuscin were frequently observed (Fig
26). Lipid droplets were not common in this segment of the proximal
tubule.

The appearance of the cell nucleus and ground substance was identical
to that in other regions of the proximal tubule.

The basement membrane was similar in appearance to that in other
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segments of the proximal tubule. However, its thickness was significantly
less, varying from 363 to 3252 A. The mean values of the thinnest and
thickest areas of the membrane were 704 = 28 A and 1523 = 67 A, re-
spectively (Table 3).

Transition into thin limb of Henle. The transition from the third or
terminal segment of the proximal tubule to the early descending thin
limb of Henle’s loop was gradual (Fig 5 and 27). Often, as observed
by light microscopy, cells characteristic of the thin limb were inter-
spersed with those of the proximal tubule for short distances.

A

Light Microscopy—Immersion-fixed Biopsy Tissue

It was not always possible to clearly define the three segments of the
proximal tubule in the tissue obtained by percutaneous renal biopsy.
This problem was due to both sampling deficiencies, resulting in failure
to obtain regions containing the third and terminal segments of the
proximal tubule, and inadequate tissue preservation, making identifica-
tion of the individual segments extremely difficult.

Most of the proximal tubules were not patent (Fig 28). This appeared
to be due to cell swelling, resulting in cellular debris filling the lumen,
rather than to tubular collapse per se. General cellular organization was
disrupted in many tubules and the brush border was often indistinct.
Apical vacuoles and elongate mitochondrial profiles, which are usually
visible at the light microscopic level on 1x epon sections, were rarely
observed. Greatly widened extracellular spaces were especially prom-
inent. It was interesting to note that in areas of the kidney that were
unsuccessfully preserved by IVIP, an identical picture was the result.
Figure 29 represents a proximal tubule from such an area.

Electron Microscopy—Immersion-fixed Biopsy Tissue

Observations at the light microscopic level were confirmed and ex-
tended by electron microscopy (Fig 30). The occluded proximal tubular
lumens contained cellular debris. Cellular swelling, which often affected
the entire cell but was more apparent apically, often resulted in interrup-
tion of the apical plasmalemma and disruption of the brush border. In
such instances, there was general rearrangement of the cellular organ-
elles, many of which appeared to have streamed out of the damaged cells
into the tubular lumen (Fig 30). The lateral extracellular spaces were
often greatly widened, especially toward the base of the cells. This
feature was most evident in tissue fixed with 6.25% glutaraldehyde.
Junctional complexes were similar to those in tissue preserved by IVIP.

Apical Cell Region. As noted above, this region of the cell often
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underwent extensive alterations in the immersion-fixed tissue. The sev-
eral components, including apical vesicles, apical vacuoles, and tubules,
were not significantly altered individually, but their spatial relationships
to one another and to the microvilli were often severely affected (Fig
30).

Mitochondria. In biopsy tissue, mitochondria appeared to be more
tortuous, and elongate profiles were much less common (Fig 30). Mito-
chondrial inclusions were a frequent finding in immersion-fixed tissue
obtained by biopsy, but were also evident in the tissue preserved by
IVIP. Two morphologic types of intramitochondrial inclusions were
observed. The first type of mitochondrial inclusion, composed of helical
structures, lay entirely within widened cristae and was not as electron
dense as the surrounding matrix (Fig 31). The inclusions were composed
of filaments 3040 A in width. The diameter of the helix was 130-140 A
with a pitch of approximately 120 A. The filaments usually ran parallel
to one another and often appeared to twist or coil on each other. This
was the most common type of mitochondrial inclusion observed in this
material

The second type of inclusion appeared to lie free within the mitochon-
drial matrix and may have represented a modification of the mitochon-
drial cristae (Fig 32). It was composed of several parallel rows of mem-
branes which resembled cristae. In some areas along these membranous
profiles, a periodicity of 200 A was present. This apparent periodicity
appeared to be the result of twisting of the two parallel membranes to
form a double helix (insert, Fig 32). These membranous structures were
separated by a 100 A space which was continuous with the mitochon-
drial matrix. Short filaments with a spacing of 90 A bridged this latter
space at right angles to the long membranous profiles. A diagram of this
structure is shown in Figure 33. All components of this type of inclusion
were more electron dense than the surrounding mitochondrial matrix.

Golgi complex, endoplasmic reticulum, and ribosomes. In biopsy
tissue fixed by immersion, the Golgi complex usually maintained its
position in relation to the cell nucleus similar to that noted in the perfu-
sion-fixed tissue. However, there was a greater tendency for the cisternae
to become more widely dilated, often assuming the configuration of large
vacuoles rather than the normal flattened and slightly curved sacs (Fig
30). This difference was most obvious in the tissue fixed with 6.25%
glutaraldehyde. In general, the poorer the tissue preservation, the more
d:shendedandswollenweretheustemalcompamnentsofthecolgl
complex.

Similar findings were noted in the appearance of the smooth- and
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rough-surfaced endoplasmic reticulum. Again, there was much more
swelling and dilatation of the endoplasmic reticulum in the cells fixed by
immersion than in those preserved by IVIP. In general, the poorer the
overall cellular preservation, the more swollen and distorted the endo-
plasmic reticulum appeared.

Single membrane-limited inclusion bodies. Of the four main types
of SMLIBs described earlier, the microbody appeared to be most sig-
nificantly altered by the method of fixative application employed. As
shown earlier in the tissue optimally preserved by IVIP (Fig 13-15), the
microbody was generally an elongate structure exhibiting one or two
peripheral linear densities (marginal plates) and a homogenous matrix
more dense than the surrounding cytoplasm of the cell. In the immer-
sion-fixed biopsy material and in tissue from areas of the kidney not well
fixed by IVIP, the typical microbody assumed varied configurations but
still maintained its intimate association with profiles of smooth- and
rough-surfaced endoplasmic reticulum. It appeared that considerable
swelling had occurred within individual microbodies as evidenced by
an apparent overall increase in volume and a definite decrease in matrical
density, regardless of the fixative employed. With less severe swelling,
the organelles were still elongate, but one or both marginal plates were
curved or bent and the adjacent endoplasmic reticulum was widely
dilated (Fig 34). With more severe swelling, many microbodies become
angulated in configuration as a result of the fracture of one or more of
the marginal plates along the outer limiting membrane (Fig 35 and 36).
These progressive alterations in the individual organelles coupled with
tangential sectioning accounted for the vast majority of the bizzare
configurations of the microbodies observed in immersion-fixed tissue.
Although these findings were more dependent on the method of fixative
application than the type of fixative employed, it was noted that angular
configurations of the microbodies were more commonly observed in tis-
sue fixed in 6.25% glutaraldehyde.

Nucleoids, the majority of which were structured, were observed with-
in microbodies in both immersion-fixed tissue and in tissue taken from
areas of kidney not well preserved by IVIP. Similar structures were not
observed in optimally-preserved tissue fixed by IVIP. A more detailed
description of renal microbody nucleoids and their enzymatic composi-
tion has recently been reported from this laboratory.?®

Basement Membrane. The overall appearance of the basement mem-
brane of the proximal tubule in immersion-fixed tissue was similar to that
in tissue preserved by IVIP. However, there was a statistically significant
difference in the thickness of the basement membrane which was de-
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pendent on the type of fixative employed. When analyzed separately,
basement membranes of proximal tubules characteristic of the first seg-
ment in tissue immersed in osmium tetroxide ranged from 1644 to 9799 A.
The mean values of the thinnest and thickest areas were 3578 = 315 A
and 5692 =+ 340 A, respectively. In contrast, the mean values of the thin-
nest and thickest regions of the basement membrane of proximal tubules
fixed by immersion in glutaraldehyde were 2569 + 168 A and 4280 +
263 A, respectively. As shown in Table 4, basement membrane thickness
was nearly identical if proximal tubules were perfusion-fixed with os-
miuvm tetroxide or glutaraldehyde.

Acid Phosphatase Reaction. Within the proximal tubule cells positive
staining (lead precipitate) for the presence of acid phosphatase was
noted within cytosomes and Golgi cisternae (Fig 37-39). Reaction prod-
uct was not observed in other components of the Golgi complex or in the
endoplasmic reticulum. The overwhelming majority of cytosomes con-
tained reaction product which was most often distributed diffusely
throughout the organelle. However, two other patterns of staining were
observed. In some instances there was a distinct tendency toward a
heavier peripheral distribution within the cytosome. Not infrequently,
circular and rectangular areas within certain cytosomes were completely
free of reaction product (Fig 37 and 39). Those cytosomes which did
not stain positively for acid phosphatase could not be identified morpho-
logically as a separate group or type. It was not possible to distinguish
between cells of the first or second segments of the proximal tubule on
the basis of the staining pattern of the cytosomes in this material. The
limited number of observations in cells of the third segment precluded
precise descriptions of the reaction pattern for acid phosphatase in this
region of the proximal tubule.

Di .

In a study of this type there is always the question of whether the
observed morphology truly represents the normal state. Therefore it
is important to rule out obvious renal disease in the animal under in-
vestigation and to determine the functional state of the kidney at the
precise moment of fixation. All of the clinical laboratory tests performed
on each animal to rule out obvious renal disease were found to be within
the normal limits as established by several previous investigators.4-47
In all likelihood, the animals were antidiuretic at the time of the per-
cutaneous renal biopsies and later when perfused intravascularly. Grif-
fith, Bulger, and Trump,*® working with rats and employing similar
surgical and perfusion techniques, observed elevated osmolar U/P ratios
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after the surgical trauma connected with cannula implantation pre-
ceding the actual intravascular perfusion.

Present evidence indicates that the technique of in-vivo intravascular
perfusion results in tissue preservation that closely represents the in-vivo
functioning state of the organ.2? Therefore, comparison of tissue pre-
served by in-vivo intravascular perfusion-fixation with tissue obtained by
biopsy from the same animal and preserved by immersion-fixation in
identical fixative and buffer combinations affords the opportunity to
define more clearly preparation artifacts at both the light and electron
microscopic level. In-vivo intravascular perfusion-fixation is obviously
not a technique applicable to human renal tissue. Since, however the
fine structure of the proximal tubule in the rhesus monkey was similar
in most respects to that of man, most of the findings regarding prepara-
tion artifact and tissue distortion can be directly related to human renal
biopsies. Several different fixatives were employed in this study; however
no attempt will be made to systematically compare their varying effects
on cell structure since several earlier investigations have defined these
parameters of fixation quite well.11:17

In general, the differences in results obtained by the two methods of
tissue preservation could be classified into two categories—those affect-
ing the entire cell and those affecting individual cellular organelles.
Proximal tubules of immersion-fixed tissue exhibited occluded lumens
containing cellular debris and the apical portions of swollen epithelial
cells. The apical plasmalemma was often disrupted and the microvilli
comprising the brush border were greatly distorted. Lateral intercellular
spaces were distended. Rearrangement of cellular organelles was com-
monplace. Similar findings were noted in kidney areas not successfully
fixed by in-vivo intravascular perfusion. Since the fixatives, buffers, and
subsequent tissue processing were identical in all respects for the two
methods of tissue preservation employed, the observed differences in
results must be ascribed to the method of fixative application. In all
likelihood these changes are directly related to interruption of the blood
supply to the tissue before adequate fixation has taken place. Evidence
for this conclusion has been provided in the rat kidney.2® Intentional in-
terruption of the blood supply, before in-vivo intravascular perfusion-
fixation was initiated, resulted in tissue preservation similar to that ob-
served with immersion-fixation in our study. The exact physiologic
mechanism that accounts for these observed changes is not completely
understood. However, the alterations occur very rapidly, probably with-
in a matter of seconds as noted by Longley and Burstone ¢ and Griffith,
Bulger, and Trump.?® Taking these observations into consideration it
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appears likely that with cessation of blood flow through the peritubular
capillaries surrounding the proximal tubules, the cells are no longer able
to effectively transport sodium at their lateral and basilar cell margins.
Passive movement of sodium followed by water continues at the apical
surface. Rapid cellular swelling results in and leads to disruption of the
apical plasmalemma, rearrangement of cellular structure, and damage to
cellular organelles. It is possible that changes in the intraluminal hy-
drostatic pressure also contribute to these cellular alterations.

Differences in the appearance of individual cellular organelles were
quite obvious with the two methods of fixative application. Mitochondria
were much more tortuous and swollen with fewer elongate profiles being
present in the biopsy material Trump and Bulger,**5! studying the
isolated flounder tubule, showed that mitochondria typically respond to
cell injury by becoming initially more tortuous and swollen and later
spherical in shape. Because of the rapidity of these changes it appears
most likely that the mitochondrial alterations, as well as similar changes
in other cellular organelles, reflect their sudden exposure to increased
intracellular concentrations of sodium and water as discussed above.
Other cellular alterations which were observed in the immersion-fixed
tissue, including dilatation of the endoplasmic reticulum and dilatation
of the Golgi cisternae, are equally ascribable to the same mechanism.

The microbody undoubtedly responded in the most dramatic fashion
to its sudden exposure to an abnormal intracellular environment. In the
perfusion-fixed tissue, microbodies were elongate, electron dense organ-
elles displaying one or two linear densities or marginal plates along their
outer limiting membrane. However, in biopsy tissue obtained from the
same animals and exposed to the same fixative and buffer solutions but
fixed by immersion, the microbodies were swollen as evidenced by an
increased volume, a decreased matrical density, bending, angulation,
and, in some cases, actual fracture of the marginal plates. In tissue taken
from kidney areas not well preserved by in-vivo intravascular perfusion,
identical alterations in the microbodies were observed. A more detailed
description of these findings can be found in an earlier study.2?

It is especially important to recognize the cellular alterations which
depend on the method of tissue preservation employed since they are
identical in many respects to fine structural changes occurring in re-
sponse to specific forms of cellular injury. In fact, there may well be a
common pathway primarily dependent on shifts of extracellular fluid in-
to the cell that leads to many of these morphologic alterations. In the
in-vitro isolated flounder tubule model, mechanical damage  or ex-
posure to cyanide **5! or media of high potassium concentration 52 results
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in general cell swelling, dilatation and degranulation of endoplasmic
reticulum, and mitochondrial alterations such as matrical swelling. In
the case of cyanide injury, the structural alterations correlate well with
the presence of increased intracellular concentrations of sodium, chlo-
ride, and water.5® The cellular response to injury in the above experi-
ments requires minutes to hours, while the changes in our study occurred
in only a few seconds. However, this probably reflects the magnitude of
the insult, namely the complete and irreversible cessation of the blood
supply, rather than a significant difference in the mechanism of the re-
sponse by the individual cells. As noted previously in the rat kidney,*
the initial phases of cell swelling related to cessation of blood supply
were not only rapid but were also very marked, thus paralleling the find-
ings in this study.

The morphology of the proximal tubule in the rhesus monkey kidney
was very similar to that of the human. The presence of three distinct
segments has not previously been described in the proximal tubule of a
primate kidney,2327:28 although this segmentation is well known in non-
primate vertebrate kidneys.®5354 The failure to observe this segmenta-
tion in earlier primate studies, particularly in man, is probably related to
the type of tissue that was available for study and to the method of tissue
preservation rather than representive of a true morphologic difference.
Even in the present study, positive identification of the various segments
of the proximal tubules in the immersion-fixed biopsy tissue was not
always possible, even though no difficulty in identification was encount-
ered in perfusion-fixed tissue from the same animals. The general cell
shape, size, and configuration of the proximal tubule cells were nearly
identical in man and rhesus monkey. One notable difference, however,
was the presence of occasional distinct outpouchings or evaginations at
the base of a proximal tubule cell of the monkey (Fig 9). These struc-
tures were observed in the first two segments of the tubule. Bands of
coarse fibrils extended across the mouths or necks of most of these evagi-
nations. The appearance of the cytoplasm within the evaginations was
not unlike that of the remainder of the cell nor was the basement mem-
brane any different in its structure at these points. The functional sig-
nificance of these structures, if any, was not obvious. Although similar
appearing bands of fibrils were noted near the basement membranes of
nondiseased human proximal tubule cells,2® outpouchings were never
observed.

Cytosomes varied in their morphology and relative number in monkey
and man. In the pars convoluta of the human proximal tubule, cytosomes
containing multiple small dense inclusions presumably representing re-
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absorbed constituents of the tubular fluid such as protein were numer-
ous.?8 In the monkey, similar appearing cytosomes were observed in very
limited numbers, chiefly in the early neck region of the proximal tubule.
Other morphologic types of cytosomes were similar in distribution
throughout the remainder of the proximal tubule in the two species.
Cytosomes were the most common SMLIB present within the proximal
tubule of the human kidney, whereas the microbody was the most com-
mon throughout the rhesus monkey proximal tubule. Since the precise
function of the microbody in either animal is unknown, the significance
of the large number in the monkey is unclear. Uricase is not present in
the renal microbodies of either animal 2958

The structure of the microbody in the monkey was considerably dif-
ferent than that of man. In the perfusion-fixed tissue, the microbodies of
the monkey were dense, elongate organelles and exhibited one or more
marginal plates. The marginal plates were often multilayered as shown
in Figure 14. With immersion-fixation the microbodies appeared to swell
and the marginal plates became distorted and often fractured giving
rise to bizzare angulated structures. Structured nucleoids were often en-
countered in the microbodies of immersion-fixed tissue after swelling and
matrical rarefaction.?® Similar structures were not observed in optimally
preserved perfusion-fixed tissue. In the human biopsy tissue, angulated
forms were virtually nonexistent and elongate profiles were not ob-
served.®3* Nucleoids were present in an occasional human microbody
but did not appear structured.

In the human kidney, lipid inclusions have been observed to be pres-
ent in greatest numbers within the pars recta of the proximal tubule,®
which is similar to that of the dog.5® In the rhesus monkey, lipid droplets
were present in small numbers in the first and third segments but were
most prominent in the second segment of the proximal tubule.

The presence of two types of intramitochondrial inclusions within the
proximal tubule cells was an interesting morphologic finding, although
the functional or physiologic significance of these structures is not readily
apparent. The first type of inclusion observed appears to be nearly iden-
tical in configuration to those described by Mugnaini 57 in astrocytic
mitochondria of the rat corpus striatum and the dimensions of the inclu-
sions were almost identical. Iseri et al 38 and Porta et al * reported the
same type of inclusions in liver mitochondria following alcohol ingestion.
Svoboda and Higginson ® described similar appearing inclusions in the
hepatic cells of rats fed protein deficient diets. As pointed out by
Mugnaini 7 it is possible that such intramitochondrial inclusions could
be the result of fixation and, hence, artifactual. However, we believe this
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to be unlikely in our material since these inclusions were observed with
both glutaraldehyde and osmium tetroxide fixatives, in the presence of
different buffers, and in perfusion-fixed tissues as well as immersion-
fixed tissue. Whatever the exact chemical nature of these intramitochon-
drial inclusions, whether phospholipids, as surmised by Svoboda and
Higginson,®® or macromolecules of protein native, as suggested by
Mugnaini,®” it is apparent that they can exist in normal as well as ab-
normal functional states. Moreover, they are not confined to a single
organ, nor are they found only in rats. Neither type of mitochondrial
inclusion observed in the present study has been reported previously in
the kidney, although Suzuki and Mostofi ®! have reported other types of
inclusions termed “intramitochondrial filamentous bodies (IMFB)” in
the ascending thick limb of Henle of the rat kidney. In rats with glycerin-
induced acute tubular necrosis and in normal control animals, three types
of mitochondrial inclusions were observed by the latter authors, but
tubular segments of the nephron other than the thick ascending limb
did not contain such structures. Mitochondrial inclusions have not been
reported in nondiseased human proximal tubules.23-27:28

The present study clearly demonstrated that the thickness of the base-
ment membrane of the proximal tubule in the rhesus monkey kidney
decreased markedly from the first to the third segment. The mean values
of the thinnest and thickest areas of the basement membrane of the third
segment were compared with the same areas in the first and second
segments. The significance of the differences was assessed using the non-
paired T test; the difference in thickness of the basement membranes was
highly significant (p = <0.001). Although it appears most valid to com-
pare the thinnest areas of each segment since their thickness would be
less influenced by tangential sectioning and other artifactual distortion,
it is interesting to note that the thickest areas also showed the same
significant differences. These findings emphasize the importance of
identifying, as precisely as possible, the region of the proximal tubule
under study in any investigation in which conclusions are being drawn
regarding the significance of the thickness of the basement membrane.
The functional significance of these findings awaits elucidation since
very little is known about the possible physiologic role or capabilities of
this structure in the proximal tubule.

A second significant finding was the effect of the method of fixative
application on basement membrane thickness with certain fixatives. As
shown in Table 4, the mean thicknesses of the thinnest and thickest areas
of the basement membrane in the first segment of the proximal tubule
were nearly identical using IVIP fixation with either osmium tetroxide or
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glutaraldehyde. In addition, immersion fixation of renal tissue from the
same animals in glutaraldehyde gave comparable results. However, in
tissue which was immersion-fixed in osmium tetroxide, the average thick-
ness of the basement membranes in the first segment was significantly
greater (see Table 4). Such a finding is of considerable importance in
studies in which conclusions regarding measurements of basement mem-
brane thickness are made. The type of fixative and the method of ap-
plication of the fixative must be taken into consideration in such studies.

Summary

The proximal tubule of the nondiseased kidney of the rhesus monkey
(Macaca mulatta) was studied by light and electron microscopy. The
morphology of the monkey proximal tubule was not found to be greatly
different from that previously observed in the human kidney. The mor-
phologic results obtained from i fixed biopsy tissue were com-
pared with those obtained by in-vivo intravascular perfusion fixation in
the same animals using a variety of fixative and buffer combinations.
Three distinct segments of the proximal tubule were identified on the
basis of characteristic differences in their morphology. The mean thick-
ness of the basement membrane of the proximal tubule decreased signifi-
cantly from the first to the third segment. Basement membranes of
tubules fixed by immersion in osmium tetroxide had a mean thickness
significantly greater than that of tubules from the same animals pre-
served by in-vivo intravascular perfusion in the same fixative or in gluta-
raldehyde applied by immersion or perfusion. General cell shape, con-
figuration, and organization were significantly altered in tissue fixed by
immersion. Cellular organelles of immersion-fixed tissue, especially
microbodies, exhibited marked distortion and morphologic alterations as
compared to their counterparts in tubules preserved by in vivo intravas-
cular perfusion. The possible pathophysiologic mechanism responsible
for the alterations is discussed.
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Legends for Figures

Key:
AL Ascending thick limb of Henle's IM Interstitium
loop IS Intercellular space
AV Apical vacuole L Lipid
BB Brush border Lf Lipofuscin
BM Basement membrane M Mitochondrion
BS Bowman's space Mb Microbody
C Cytosome MvB Multivesicular body
Cap Capillary N Nucleus
Cs Cytosergresome (autophagic PT Proximal tubule
vacuole) RBC
DT Apical dense tubule Red blood cell
Go Golgi complex TL Tupular Iu_men
HL Descending thin limb of Henle's V  Apical vesicle
loop VC Visceral epithelial cell
IC Interstitial cell Ve Vessel

All light micrographs represent 0.5—1.0 s sections of tissue embedded in Epon epoxy
resin and stained with toluidine blue.” Tissue represented in Fig 1, 2, 4, and 5 was
fixed by IVIP in 2% osmium tetroxide buffered in 0.1 M s-collidine. Tissue represented
in Fig 3 and 29 was fixed by IVIP in 1% osmium tetroxide buffered in phosphate. Tis-
sue pictured in Fig 28 was fixed .by immerson in 6.25% glutaraldehyde buffered in
0.1 M sodium cacodylate and post-fixed in 19% osmium tetroxide in phosphate buffer.

Fig 6, 7, 13, 14, 17, 21, and 36 are electron micrographs of tissue fixed by IVIP
with 19% osmium tetroxide in phosphate buffer. Fig 8, 9, 15, 16, 18, and 23-27 are
electron micrographs of tissue fixed by IVIP in 29% osmium tetroxide buffered in 0.1
M s-collidine. Fig 10 and 11 were fixed by IVIP in 6.25%, glutaraldehyde buffered in
0.1 M sodium cacodylate and post-fixed in 2% osmium tetroxide in 0.1 M s-collidine.
Fig 12 and 30 represent tissue fixed by immersion in 1% osmium tetroxide buffered
in phosphate. Fig 19, 20, 22, and 35 represent tissue fixed by IVIP with 6.25%, glutar-
aldehyde buffered in 0.1 M sodium cacodylate and post-fixed in 1% osmium tetroxide
in phosphate buffer. Fig 31 and 37-39 represent tissue fixed in 29% glutaraldehyde
in sodium cacodylate buffer. Fig 32 and 34 represent tissues fixed by immersion in
6.259%, glutaraldehyde buffered in 0.1 M sodium cacodylate and post-fixed in 1%
osmium tetroxide in phosphate buffer. All sections were stained with uranyl acetate
and lead citrate as described in the methods section.

Fig 1. Light micrograph depicting abrupt transition (arrow) from lowlying squamous
epithelium lining Bowman'’s capsule to tall columnar epithelium characteristic of first
segment of proximal tubule. X 500.

Fig 2. Light micrograph of first segment of proximal tubule. Epithelium is tall and
gc:ilumga;,ogrush border is well developed, and cells are packed with elongate mitochon-
a. A

Fig 3. Light micrograph showing portions of three adjacent tubules characteristic of
second segment of proximal tubule. Large accumulations of lipid droplets (arrows)
near cell base distinguish this segment from other regions of proximal tubule. X 950.

Fig 4. Light micrograph depicting third segment of proximal tubule. Cells are cuboidal
in shape and contain fewer organelles than first two segments. X 950.
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Fig 5. Light micrograph showing characteristic gradual transition from terminal
proximal tubule on right to early descending thin limb of Henle’s loop on left. X 740.

Fig 6. Electron micrograph demonstrating transition from squamous epithelium
(arg%v(/))o lining Bowman’s capsule to columnar cells of the proximal tubule at left.
X .
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Fig 7. Electron micrograph of typical tall columnar cell from first segment of
proximal tubule. Elongate mitochondrial profiles (M) are enclosed within plications of
basal plasmalemma. Apical system of vesicles, vacuoles, and dense tubules is well

developed. X 9165.
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Fig 8. Higher power electron micrograph demonstrating complex interdigitations of
adjacent proximal tubule cells. Note that as in other mammals, mitochondrial profiles
are inclosed within plications of basal plasmalemma, and true basilar infoldings where
the infolded plasma membrane returns to the original point of inflection do not exist.
X 14,280.

Fig 9. Electron micrograph depicting evagination or outpouching at base of proximal
tubule cell. Such structures were observed in both first and second segments of
proximal tubule in perfusion-fixed tissue. Bands of coarse fibrils (arrow) usually
extended across mouth of these evaginations running parallel to adjacent basement
membrane. X 14,075.

Fig 10. Higher power electron micrograph to show appearance of several structures
within apical cell region. Two types of apical vesicles are present. First type (arrows)
is smaller and exhibits an organized internal lining of short filaments resembling
glycocalyx of apical cell membrane; externally there is a coating of radially directed
short bristles. Second type of apical vesicle is slightly larger, possesses dense
internal lining and often internal limiting membrane. Dense tubules are frequently
seen in direct connection with larger apical vesicle. X 32,700.
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Fig 11. High power electron micrograph showing connection between apical vesicle
with dense internal lining and apical dense tubule. Several cross sections of apical
dense tubules are also shown. Smaller apical vesicles with no internal limiting mem-
brangggct) with external radially-directed bristle coat are present along right of picture.
X 56,650.

Fig 12. Electron micrograph showing portions of apical regions of two adjacent
proximal tubule cells separated by intercellular space. Apical dense tubules (arrows)
are shown opening into lateral intercellular space. Apical vacuole with a connecting
dense tubule is present on left. Such a finding may represent another pathway for
transport of colloidal materials from tubular lumen to peritubular capillaries. X 41,600.

Fig 13. Electron micrograph showing cluster of elongate microbodies in first segment
of proximal tubule. Each organelle possesses one or two dense marginal plates con-
tiguous with adjacent endoplasmic reticulum. x 71,500.

Fig 14. High power electron micrograph demonstrating layering of marginal plates
of two adjacent microbodies (arrows). Marginal plates often exhibited definite peri-
odicity suggesting presence of internal structure. X 81,100.

Fig 15. High power electron micrograph demonstrating presence of definite internal
structure within marginal plates (arrow) of microbody. Regular periodicity of 125 A
was present in this marginal plate. X 166,000.
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Fig 16. Electron micrograph of cytosome characteristic of early first segment of
proximal tubule. x 43,250.

Fig 17. Electron micrograph showing two adjacent dense cytosomes containing
membrane-like fragments. This tissue was fixed by IVIP in 19% osmium tetroxide
in phosphate buffer. X 25,000.

Fig 18. Electron micrograph of cytosome which is similar in structure and content
to those pictured in Fig 17 but exhibits pale background matrix. Fixation in this case
was accomplished by IVIP with osmium tetroxide in s-collidine buffer. X 28,200.

Fig 19. Electron micrograph of portion of proximal tubule cell fixed in 6.25%
glutaraldehyde. Cytosome at lower left is dense and homogeneous in appearance.
Two cytosegresomes (autophagic vacuoles) which contain mitochondria undergoing
breakdown are pictured at right. X 19,400.

Fig 20. Electron micrograph of a cytosegresome containing microbody and fragments
of smooth endoplasmic reticulum. Cytosome is present at left. x 31,100.

Figsgléo glectron micrograph of cytosegresome containing mixed cellular debris.
X , .



505

RHESUS PROXIMAL TUBULE

September 1969
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Fig 23. Low power electron micrograph showing proximal tubule cell characteristic
of third segment. Cells are cuboidal and exhibit a well-developed brush border. Apical
dense tubules and apical vacuoles are not extensive in this segment, although small
apical vesicles are abundant. Microbodies were the most common SMLIB in this
segment. Note the very thin basement membrane. X 11,000.
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Fig 24. Electron micrograph showing apical region of proximal tubule cell character-
istic of third segment. Multivesicular bodies are abundant in this segment, especially
near cell apex, and are often extremely variable in size and shape. Note absence of
microvilli (arrow) over short segment of apical plasmalemma. X 9950.

Fig 25. Higher power electron micrograph showing cluster of microbodies. A possible
corérbection between labelled microbody and endoplasmic reticulum is shown.
X 700.

Fig 26. Electron micrograph of proximal tubule cell near transition into thin descend-
ing limb of Henle containing large accumulations of lipofuscin. This is a characteristic
feature in this region. X 12,650.
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Fig 27. Electron micrograph of transition region between proximal tubule and thin
limb showing terminal proximal tubule cells, above, and cells of the early descending
thin limb of Henle's loop, below. Absence of microvilli (arrows) over large areas of
the apical cell surface was characteristic of this region of proximal tubule. Note
particularly the uniformly thin basement membrane. X 6250.

Fig 28. Light micrograph of proximal tubule characteristic of tissue fixed by im-
mersion. Note completely occluded tubular lumen and greatly widened extracellular
spaces (arrows). Compare these findings with Fig 29 which represents proximal
tubules from areas of kidneys unsuccessfully preserved by IVIP. x 625.

Fig 29. Light micrograph of proximal tubules from area of kidney not successfully
preserved by IVIP. Note that tubular lumens are nearly totally occluded. Lateral
intercellular spaces between cells (arrows) are greatly widened resembling renal
tissue fixed by immersion, as shown in Fig 28. X 660.
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Fig 30. Electron micrograph of proximal tubule from renal biopsy fixed by im-
mersion. Rearrangement of cellular organelles is striking, particularly near luminal
surface. Microvilli forming brush border are greatly distorted. Elongate mitochondria
are virtually nonexistent. System of apical vesicles, apical vacuoles, and apical dense
tubules is barely recognizable. X 11,650.
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Fig 31. Electron micrograph showing mitochondrial inclusion lying entirely within
widened cristae. Inclusions were composed of filaments 3040 A in width which
formed a helix 130-140 A in diameter with pitch of approximately 120 A. This was
most common type of mitochondrial inclusion observed. X 47,400.

Fig 32. Electron micrograph showing second type of mitochondrial inclusion which
was least common of the two and was always more electron dense than surrounding
structures. It was composed of several parallel rows of membranes which resembled
cristae. In some areas along these membranous profiles a periodicity of 290 A was
present. This apparent periodicity appeared to be the result of twisting of parallel
membranes to form double helix (insert). These structures were separated by 100 A
space which was continuous with mitochondrial matrix. Short filaments with spacing
of 90 A bridged this latter space at right angles to long membranous profiles.
X 41,800. Insert, X 124,200.

Fig 33. Diagramatic representation of complex structure of second type of mito-
chondrial inclusion pictured in Fig 32. See text and Fig 32 legend for description.

Fig 34. Electron micrograph of two typical microbodies from biopsy tissue fixed
by immersion. Their appearance is identical to microbodies from proximal tubules
in areas of kidney not well preserved by IVIP. These organelles are swollen as evi-
denced by their increased volume, rarefaction of matrix, and bending of one or more
marginal plates (arrow). Adjacent endoplasmic reticulum was widely dilated. x 35,700.

Fig 35. Electron micrograph of microbody from proximal tubule not well preserved
by IVIP. Note that matrix is of approximately same density as that of mitochondrion
at left. Both marginal plates have been fractured and bent (arrows), probaby as a
result of swelling of organelle. X 79,500.

Fig 36. High power electron micrograph demonstrating fracture of microbody marginal
plate with subsequent displacement of the two ends of plate (arrow). Matrix of
microbody has same density as surrounding cytoplasm whereas, in optimally pre-
served microbodies fixed by IVIP, matrical density is greater than that of surrounding
cytoplasm, regardless of fixative employed. X 96,950.
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Fig 37. Electron micrograph showing pattern of positive staining (lead precipitate)
indicating presence of acid phosphatase activity in typical cell of first segment of
proximal tubule. Staining was limited to cytosomes and Golgi cisternae. Note widened
intercellular spaces at right. X 10,450.

Fig 38. Electron micrograph of typical acid phosphatase reaction in proximal tubule
cell characteristic of second segment. There was no discernible difference in pattern
of reaction product in first and second segments of proximal tubule. Lead precipitate
was confined to cytosomes and Golgi cisternae. X 11,800.

Fig 39. Higher power electron micrograph of two adjacent proximal tubule cells
demonstrating specific localization of lead precipitate in Golgi cisternae at right.
Pattern of precipitate in individual cytosomes varied considerably. X 15,150.
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