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Ultrastructural Histochemical Study on Anionic Sites of
Alveolar Wall Basement Membrane in
Experimental Acute Pulmonary Edema

Keiko IsHII
Department of Pathology, Shinshu University School of Medicine
(Director: Prof. Hidekazu SHIGEMATSU)

The localization and characterization of anionic sites in rat alveolar wall basement membrane
were investigated in physiological and pathologic states by an ultrastructural histochemical method.

High iron diamine (HID) staining after enzyme-digestion studies demonstrated the presence of
heparan sulfate proteoglycan (HS-PG) only along the lamina rara externa (LRE) of the basement
membrane under alveolar type I cells (ABM: I), as had been revealed in glomerular basement mem-
brane. The HID-reactivity of the LRE was heightened by the high iron diamine-thiocarbohydrazide-
silver proteinate (HID-TCH-SP) method. Moreover, though slightly weaker, the other positive region
was also revealed by the same method.

The alteration in the distribution of HS-PG of the alveolar wall was examined in acute pul-
monary edema induced by intravenous injection of Paraquat (PQ) and Pneumotoxin (PT) in rats. In
PQ-induced edema, the injury was more severe in the epithelium, but in the endothelium in PT-
induced edema. In these permeability edemas, no change was observed in the distribution of HS-PG
throughout the experiments.

It is concluded that the loss of HS-PG is not the primary cause, but rather the disturbance of
cellular and interstitial elements is important in the development of permeability pulmonary edema.
Shinshu Med. J., 36 : 35—54, 1988
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o, SRR U2 - 70 & & 0 B-c
DL, S5 0.1M SN (pH7.4) 1%PFA
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1. Heparitinase from Flavobacterium hepari-
num CH{E%TE, FHD 0.1unit/ml in 0.1 M
acetate buffer (pH 7.0)

2. Chondroitinase ABC from Proteus vulga-
ris ({b%TH, PED 5units/ml in 0,05 M
Tris-HCI buffer (pH 8.0)

3. Neuraminidase from Arthrobacter ureafa-
ciens (I, ) 1 unit/m! in 0,01 M
phosphate buffer (pH 6.8)

4. Hyaluronidase from Bovine Testis G
%, J#) 0.1% in 0.1 M phosphate buffer
(pH 5.5)
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K CEA) 2MWL, MOMLEie R WEERT
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/ml oA EREY ML, ¥4 — (Ultra-turrax,
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No. 1, 1988

7oF oy PRV,
1 #% 2

A ERSy MHRED AS
HID¥MER IDIER S » MHEBERERY, 18]
ffifa ERTFARERE CABM: I) ofiifaB 4l (lamina
rara externa:LRE) 1z, BTEEILE-LOD, Hf
R (Fig. 1a) &2 LU BSR4 33
#it- (Fig. 1b), ZFECh » HID-TCH-SP %ufs
%, B I 0 ETHEECBVWRISEYD & LORT
(Fig. 1¢) £ & d1z, HIDPECIEP B Tldo
7z ABM: 1 o LR ELSOES, mAEPIE TIEER
(CBM) (Fig. 1d) 35X 00T 3t b e F 28 It
(ABM: II) (Fig. le) i\ Th, HEEEETS
ET5EELREIGEY Y HDE Lic. Thboof
i3 thin side, thick side % TR TH-. B
DR, AERERMALED 5 Y P -
coaMibsh (Fig. 1D, ZofMoRRCIENR
HThrZ b, ~NFVHBTRT ATV AV
(HS-PG) Ths Limahi, ok, HEERUA
DOEPTLE, sulfomucin TS 1 il g O
surface coat (Fig. 1e) ¥ X OHIEOBE M R
FISEE@0, B#Ftav Yefs>—-E¥ABCKK
WZHARL, 2v Fed4Fv 4/6 5k, »H LT
A= 2 VR R ST EAURIBE S huts, Tods, BikK
B3 (Fig. 1e, d) CR®» bha P EMlaELG O
FE SR T oW, A A I v ARETER L AIE
BRI bOTHB, —JF, PE IR TH R,
ABM: I @ LRE ok 1 5]+ A EEY 10nm
Mo ko ZEEDy (Fig. 1g), £hlblstoik
I Bz 0 B isl4 5 RIGED B0 bhic,
EEEL A, BEOBREMEME R, RBEL <
i+ s RIGEWERD (Fig. 1h), kX bk
BERLIEBY HS-PG ot dhs AS i X higstE
whinn ABM: I o LRE &\ charge barrier
PEFET S EaRE&hT: (Fig. 2),
B EiEITERI MK IE

1. PQELER

a. PIRMELZE : P QEEHE, MBERSTCL3
WL 0, (ERERSRCE 2 B WX 0 BEHEE
iR, LEWEHIBARO Mk W0, S
W, A - G X D EERS WO WIS EY E L,
RS Boork, WP S e Rl o 5
SRR, MEEREERIL, BURNTH M2 R

37



a gt

Thi,
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. Control sample (without incubation in the mixed diamines).
. HID stain: Though weak, the lamina rara externa (LRE) of the basement membrane

Fig. 1 Ultrastructural histochemical findings on the anionic sites (AS) of alveolar
wall in normal rat.
% 24,000

under alveolar type I cells (ABM: I) shows reactivity (4), in contrast to the control

. HID-TCH-SP stain: HID-reactivity of the LRE ( 4) is emphasized by this method. Sparse

reactivity of the lamina densa (LD) and lamina rara interna (LRI) is also revealed.

HID-TCH-SP stain: The capillary basement membrane (CBM) in the thick side also shows

. HID-TCH-SP stain: The basement membrane under alveolar type II cells (ABM: II) also

shows sparse reactivity (4), while the alveolar surface of type II pneumocyte is strongly

. HID-TCH-SP stain after heparitinase digestion: Loss of reactivity of all basement mem-

% 18,000
PEI stain: The PEl-stained granules, approximately 10 nm in diameter, are found regularly
% 18,000

a
b

sample (a). x24,000
c

x 40,000
d.

sparse reactivity (A). x20,000
e

stained. x12,000
f

branes including the LRE of the ABM : I is shown.
g,

distributed along the LRE of the ABM: I (4).
h.

AS: alveoler space.

38

PEI stain: The CBM shows sparse reactivity (A) and interstitial collagen fibers (Co)
show regular reactivity. x 18,000

Cp: capillary. In: interstitium.
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Fig. 2 Schematic diagram of the alveolar wall basement membrane charge barrier.
@ : Distribution of high and regular charge density anionic sites due to HS-PG in the LRE of
the ABM: L
A : Weak and sparse charge density anionic sites in the CBM, ABM: I and ABM: IL
Ep: I : alveolar type I epithelium. Ep : II: alveolar type II epithelium.

Fig. 3 Light micrographs of the lung from the rat after PQ (25mg/kg) injection.
a. Thirty hours after injection: Expansion of perivascular connective tissue sheaths (—) due
to interstitial edema and subpleural intra-alveolar edema are seen. H. E stain. x40

40 EMERE Vol 36
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ponent and the alveolar lumen contains detached pneumocytes, macrophages and red blood
cells, locally accompanying exudated fibrin. Toluidin blue (TB) stain. x 260

c. Five days after injection: Thickening of the alveolar walls and proliferation of cell component
in the alveolar lumen are more intense. TB stain. x 260

d. One week after injection: Air space is decreased by fibrosis of the alveolar walls and orga-
nization of intra-alveolar exudates. H. E stain. x170

No. 1, 1988 41
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Fig. 4 Electron micrographs of the lung from the rat after PQ injection.

a. Four hours after 40mg/kg injection: The swollen cytoplasm (%) of type I pneumocyte is
seen in the thin side. x 6,000

b. Two days after 25mg/kg injetion: The epithelial basement membrane is denuded (A) by
disintegration of the alveolar epithelium and interstitial edema is seen in the thick side. The
capillary endothelium is preserved, though pinocytotic vesicles are increased. x 6,000
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c. Four hours after 40mg/kg injection: Abnormal thickening of the endothelium is seen in the
thick side and focal detachment due to subendothelial edema («—) is seen in the thin side.
Interstitial edema is also observed in the thick side (*). x6,000

d. Five days after 20mg/kg injection: The alveolar septum is thickened by proliferating septal
cells (SC) with collagen fibers. On the left of the figure, a regenerated type II pneumocyte
(II) is present and repairs the denuded basement membrane. x3,600 En: endothelium.

= VR
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Fig. 5 Ultrastructural histochemial findings of the alveolar wall basement membrane from
the rat after PQ injection.

a. HID-TCH-SP stain: Swelling and vacuolation of the type I pneumocyte are seen, but staining
pattern with the HID-TCH-SP method is not affected( A ). x12,000 b. HID-TCH-SP stain: The
epithelial basement membrane is denuded by detachment of the epithelium, but staining pattern
with the HID-TCH-SP method is not affected (A). x 12,000 c. HID-TCH-SP stain: Polymor-
phonuclear leukocyte (PMN) from the capillary lumen and macrophage (M) from the alveolar
space approach the epithelial basenent membrane respectively, but they do not affect the HS-PG
distribution (4). x12,000 d. HID-TCH-SP stain: Detachment of the epithelium is seen irrespec-
tive of side, but staining pattern with the HID-TCH-SP method is no{ affected (A). x12,000
e. PEI stain Severe swelling of the type I pneumocyte is seen, but there is no change in the
distribution of PEl-stained granules on the LRE (A ). x 8,400 f. PEI stain: The epithelial deta-
chment does not affect the distribution of PEI-stained granules ( A). x 12,000
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Fig. 6 Immunofluo
soon after PT injection. (Blue Excitation.)
a. Alveolus: Rabbit IgG is demonstrated along the alveolar walls. x520 b. Glomerulus: Rabbit

IgG is demonstrated along the glomerular capillary loops. x 520

Fig. 7 Light micrographs of the lung from the rat after PT (2ml/kg) injection.
a. Thirty minutes after injection: Expansion of perivascular connective tissue sheaths (—)
due to interstitial edema and subpleural intra-alveolar edema are seen. H. E stain. x40
b. Thirty minutes after injection: Intra-alveolar edema ; intra-alveolar hemorrhage is noticed in
addition to congestion. H. E stain. x60 c. One week after injection: Alveoli show a tendency
to collapse and a mild septal expansion due to proliferation of the interstitial cell is seen. TB
stain. %20
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Fig. 8 Electron micrographs of the lung from the rat after PT injection.

One hour after 2ml/kg injection: Vacuolation (%) and abnormal thickening of the endothelium

is seen. x 6,000

One hour after 3ml/kg injection: Degenerative endothelium and type II pneumocyte which

show alteration in the structure of mitochondria are seen, and severe interstitial edema (%)

with exudation of fibrin (A ) is also observed. x 36,000

fEMEEE Vol 36
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c. Ten minutes after 5ml/kg injection: Disintegration of the endothelium and swelling of the
type I pneumocyte (%) are seen, but the basement membrane between them is preserved.
% 6,000

d. Thirty minutes after 3ml/kg injection: Numerous platelets (Pl) are present in the capillary
lumen and adhere to the injured endothelium. The cytoplasm of the epithelium is less electron-

dense than normal. x6,000
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SNToRE b~ SR BT O T ILED bhi
Ao ‘/':o
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R, BRCHBITEREC X B30 0 MEEsS, ey
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Ly, IR oaEomth s e omes, 1
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e (Fig. 8b), —0, fEROBEELHHHIE
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&Moo kb, thin side, thick side #[H}>3i2%
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Vv T B RS vk, BIWZHZZcE b0
DT, thick side 12k B MEREIER LISV IS
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SRR I Bl X 2 M R o B EE o MR R s &
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M o S O e e 1)
7‘“;#07‘;0

e. BEMMCSEMITR : PTHSEMNL P QRN
LFlksic, HID-TCH-SP #: (Fig. 9%a, b) k¢
PE 1#: (Fig. 9¢, d) T, WK - LMoL
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Fig. 9 Ultrastructural histochemical findings of the alveolar wall basement membrane

from the rat after PT injection.

a. HID-TCH-SP stain: Though the epithelium is preserved, the endothelium is damaged,

but staining pattern with the HID-TCH-SP method is not affected (4).

% 14,400

b. HID-TCH-SP stain: Swelling of the epithelium and exudation of fibrin () to the alveolar
space in addition to the endothelial injury are seen, but staining pattern with the HID-

TCH-SP method is not affected (4).

% 24,000

c. PEI stain: Detachment of the endothelium is seen, but there is no change in the distri-

bution of PEI-stained granules on the LRE (4).

% 12,000

d. PEI stain: The endothelial detachment and macrophage infiltration do not affect the distri-

bution of PEI-stained granules (4).

No. 1, 1988
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