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Fig. 1. Schematic representation of ultrastructural changes of endothelial cell after administration of
endotoxin.
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Fig. 2. Schematic representation of ultrastructural changes of proximal tubular epithelial cell after
administration of endotoxin,
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Fig. 3. Schematic representation of ultrastructural changes of distal tubular epithelial cell after admi-

nistration of endotoxin.
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Table 1. Morphological changes on glomerular capillaries and peritubular capillaries in rat kidney after

administration of endotoxin
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Table 2, Morphological changes on proximal and distal tubular epithelial cells in rat kidney after adm-

inistration of endotoxin
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Fig. 4. Suggested mechanism of renal injury by endotoxin., (Summary from 'pmbnmls of Warldez=,
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= Abstract=

Ultrastructural Study on the Mechanism of
Nephrotoxicity Induced by Fndotoxin

Byung Heon Kim, M.D.
Department of Pathology, Masan Korea General
Hospital, Masan, Korea

Sun Kyung Lee, M.D.
Departmeni of Pathology, College of Medicine,
Busan National University, Busan, Korea

The author studied the morphologic changes
on the glomeruli and tubular structures to clarify
the mechaniams of nephrotoxicty induced by
endotoxin. Also studied was the changes in the
permeability of microvasculature at the electron
microscopic level using peroxidase as enzymatic
electron tracer by the vascular clearance method.

Male Sprague-Dawley rats were received 3Img
per kg of body weight of E. coli endotoxin and
then sacrified 30, 60, 120, 180, and 300 minutes
after injections of the endotoxin, respectively.
Another groups of animals were received additio-
nally intravenous injection of peroxidase 5 minu-
tes before their sacrifices in each group.

The results obtained were summarized as foll-

OWws:
. Light microscopically, the glomeruli showed
mild congestion and infiltration of leukocytes,
which remained in the same degree throughout.
The tubular epithelial cells showed intracellular
edema from the early stages and regenerative
changes appeared in later times.

Electron microscopically, endothelial cells of
the glomeruli and peritubular capillaries showed
vacuolization and protrusion of ecytoplasmic pro-
cess toward luminal spaces, The tubular epithelial
cells showed swelling of mitochondria, detachment
of ribosomes, swelling of RER and attenuation of
basal infolding structures, which were more pro-
minent in later times, Lysosomes appeared from
the time 3 hours after injections of endotoxin, and
increased in later stages. Some epithelial cells
were detached out from the basement membrane
in later time, but the basement membrane itself
seemed to be intact until the time 5 hours after
injection of endotoxin.

Peroxidase treated groups showed reactive pro-
ducts to peroxidase in the luminal spaces in both
of control and experimental groups until 3 hours,
but they were remained within basal layer of the
cell in the experimental group after 5 hours, which
indicated inhibition of permeability of the parti-
culated material in endotoxin treated group in
later time.

The results of this study suggested that tubular
structures were more severly affected by endoto-
xin in earlier stage, which indicated that injury
to the tubule did participate in the role initiating
renal injury which therefore is thought to be the
basis for acute renal insufficiency than glomerular
injury in endotoxemia.
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Fig. 8.

]-‘tﬁ, 5. Glomerulus, rat, 30 minutes after injection of 3 mg/kg of body weight of endotoxin. Capillary

Fig.

FiE.

Fig.

lumina are crowded by RBC and occasional neutrophils{arrow). Bowman's space is narrowed.
Uranyl acetate and lead nitrate. {3, 000)

Peritubular capillaries, rat, 30 minutes after injection of 3 mg/kg of endotoxin. RBC and amorphous
cellular debris{arrow) are noted in the capillary luminal. Luminal surface of the capillary shows
irregular protrusion of the endothelial cytoplasm. (arrow head). Uranyl acetate and lead nitrate.
(>0, 000)

. Proximal tubular epithelial cells, rat, 30 minutes after injection of 3 mg/kg of endotoxin. Basal

infoldings are diminished and irregularly spaced. Some of mitochondria are swollen(arrow). RER
are dilated and show irregular contours. Brush border looks not altered. Uranyl acetate and lead
nitrate.{ > 9, 000)

Distal tubular epithelial cells, rat, 30 minutes after injection of 3 mg/kg of endotoxin. Irregularly
distributed mitochondria with mild swelling are also found as seen in Fig, 7. Microvilli are
relatively intact in some cells but the other cells show flattening of them due to swelling
{arrow). Free polyribosomes are increased (arrow head). Uranyl acetate and lead nitrate. (=9, 000)
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Fig. 9.

Fig. 10.

Fig. 11.

Fig. 12.
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Glomerulus, rat, 1 hour after injection of 3 mg/kg of endotoxin. The uumbera of RBC and WBC
are in the same degree in 30 min. group. Endothelial cytoplasmic protrusion(arrow head) is more
prominent. In the cytoplasm of podocytes, szeveral swollen mitochondria(arrow) are noted.
Uranyl acetate and nitrate. ( %6, 000)

Glomerular capillaries, rat, 1 hour after injection of 3mg/kg of endotoxin. Endothelial cells
show marked protrusion of the cytoplasm forming villi-like structures(arrow). Subendothelizl
vesicle formation is also noted. Foot process appeared intact(arrow head). Uran}r] acetate and
lead mitrate. (> 15,000)

Peritubular capillary and surrounding interstitium, rat, 1 hour after injection of 3 mg/kg of
endotoxin. The nucleus of endothelial cell shows irregular margin. The cytoplasmic villous
formation(arrow) ia more pronounced. Marked intersti Llal edema is noted. Uranyl acetate and
lead nitrate.(> 18, 000)

Diatal tubular epithelial cell, rat, 1 hour after injection of 3 mg/keg of endotoxin. Intracellular
edema and mitochondrial swelling are noted. Considerable accumulation of fluid in the cytop-
lasmic matrix is increased particularly on the upper part of the cell which is devoid of organe-
lles except free ribosome. Swelling of RER and mitochondria is also noted. Uranyl acetate and

lead mitrate.(x 18, 000)
— 370 —
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- 13.

- 14.

5
. 15.

- Fie. 16.

Renal medullary arteriole, rat, 1 hour after injection of 3mg/kg of endotoxin. The arteriole is
considerably constricted with narrowing of the lumen. Medial smooth muacle cells show large
intracytoplasmic vacuoles, Uranyl acetate and lead nitrate.{ x 7, 500)

Glomerular capillaries, rat 3hour after injection of 3mg/kg of endotoxin. Certain parts of
endothelium are coalescent and fenestrated patterns are disappeared(arrow head). The lumina
are also crowded by red cells and white cells. Some of the white cells are adhered to the
endothelial surface. Uranyl acete and lead nitrate. ( x 10, 500) '

Peritubular capillary and surrounding interstitium, rat, 3 hours after injection of 3mg/kg of
endotoxin. The luminal surface of the endothelium is irregularly protruded showing saw-tooth
appearance(arrow). Interstitium is markedly edematous and contains vacuoles and other cellular
debris. Uranyl acetate and lead nitrate. { x 9, 000)

Proximal tubular epithelial cells., rat, 3 hours after injection of 3Img/kg of endotoxin. The
orientation of the mitochondria on the basal portion of the cells is disorganized. Various vacuoles
are noted on the upper portion of the cytoplasm with seme myelin figures. Brush borders are
relatively well preserved in some cells, while the other cells show total destruction of the cell
body and their cytoplasmic organelles are spilled out into the lumen(arrow). Uranyl acetate
and lead nitrate.(x 15, 000)
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Fig. 17.

Fig. 18.
Fig. 19.
Fig. 20.
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Distal tubular epithelial cell, rat, 3hours after injection of 3mg/kg of endotoxin. Basal
infolding structure is markedly disappeared and irregularly spaced. Electron density of the
mitochondria is increased. Marked intracellular edema with decreased number of organelies is
prominent throughout cell body leaving only free ribozomes. Several lysosomes are appeared
on the cytoplasm. The free surface of the cell is almostly flattened. Uranyl acetate and lead
nitrate.{ x 17, 400)

Glomerular capillary, rat, 5 hours after injection of 3 mg/kg of endotoxin. Endothelial cell
nucleus has irregular margins. Chromatin is condensed on peripheral zone. Cytoplasmic outline
ig irregular and contains several numbers of wesicles. The contents of visicles are finely
granular. Some have lamellated structures(arrow). Uranyl acetate and lead nitrate. {10, B00)

Peritubular capillary, rat, 5 hours after injection of endotoxin. The nucleus of endothelial is
irregular. Chromatin contents are markedly reduced. The cytoplasm contains swollen mitocho-
ndria and dilated RER. Cytoplasmic border is irregular and shows villous protrusion(arrow).
Uranyl acetate and lead mitrate. (15, 000)

Distal tubular epithelial cells, rat, 5 hours after injection of 3 mg/kg of endotoxin. The nucleua
shows irregular contour. In the cytoplasm, large vesicle formation and dilated RER. Mitochondria
is decreased in number. Basal infolding is markedly diminished. Luminal side of cell membrane
is attenuated markedly. Uranyl acetate and lead mitrate. (x 15, 000)
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Fig. 21. Distal tubular epithelial cell, rat, 5 hours after injection of 3 mg/kg of endotoxin. Numerous
lysosomes are seen. The mitochondria show marked swelling. RER is distended. Uranyl acetate
and lead mitrate.{ 14, 400)

Fig. 22. Glomerular capillaries, rat, 30 minutes after injection of 3mg/kg of endotoxin. Peroxidase
reaction is noted along the basement membrane and foot processea(arrow). Peroxidase stain.
(%15, 000)

Fig. 23. Distal tubular epithelial cells, 30 minutes after injection of 3 mg/kg of endotoxin. Peroxidase
reaction is seen in the brush border as well as basal infolding and intercellular spaces. Pero-
xidase stain.(x12,000)

Fig. 24. Distal tubular epithelial cells and peritubular capillary, rat, 5hours after injection of dmg/kg
of endotoxin. Peroxidase reaction is remained along the basement membrane and basal infoldings
(arrow), saving upper part of cell. Peroxidase stain.(x 15, 000)
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Basal lamina
Bowman's apace
Distal tubule
Elastic lamina
Endothelial cell
Epithelial cell
Foot procesa
Golgi apparatus
Interstitium
Lumen
Lyaosome

Key for abbrevation

WBC
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Mitochondria
Nucleus

Neutrophil
Proximal tubule
Ribosome

Red blood ecell
Rough endoplasmic reticulum
Smooth muscle cell
Vesicle

Microvilli

White blood cell



