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Endothelial Changes Produced by
Ascorbic Acid Deficiency in Guinea Pigs

IRA GORE, MD; TAKAQ FUJINAMI, MD; AND TSURANODBU SHIRAHAMA, MD, BOSTON

CAPILLARY hemorrhage, a manifesta-
tion of fragility, is an important clinical
feature of scurvy.® To account for it, in-
vestigators, variously, have inferred altera-
tions in the vascular endothelium, the
ntercellular cement, or the supporting tis-
sues of the vessel wall.? Still, clearly defined
morphological changes of the capillary walls
have not been reported in ascorbic acid
deficiency. On the premise that these might
involve the endothelium and might be better
visualized in en face preparations ® than in
routine histological sections, the aorta of
scorbutic guinea pigs was examined, es-
sentially because the “haiitchen” technique
was not applicable to microchannels, It
seemed reasonable to assume, however, that
any change in capillary endothelium pro-
duced by a systemic disturbance would be
shared by the aortic lining as well. By elec-
tron microscopy, Buck has observed that
“endothelial cells of capillaries seem to
possess no structure not shared by those of
arteries.” * As an index of functional endo-
thelial alterations as well, Todd's procedure ©
for evaluating fibrinolytic activity was used.
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I'inally, since ordinary histology had been
so unrevealing, these observations on aortic
endothelium were supplemented by electron
MICcroscopy.

Materials and Methods

Using young adult guinea pigs weighing about
400 gm each, scurvy was induced in 13 animals
by feeding a diet of autoclaved Purina rabbit chow
for periods of one to four weeks. A supplement of
vitamin A and D was added twice weekly. A second
group of 12 animals was fed a commercial scorbuti-
genic diet (Nutritional Biochemical Corp.) for
three weeks. Four of the animals in the latter group
were maintained on the deficient diet for six weeks,
but during the third and fourth weeks, liberal quan-
tities of vitamin C were given as a supplement.
All animals were weighed twice weckly,

Four of 12 control guinea pigs were fed Purina
rabbit chow supplemented with fresh vegetables
twice weekly ; the remaining eight received the com-
mercial scorbutigenic diet to which a vitamin forti-
fication mixture had been added. Prior to sacrifice
by ether inhalation, all animals were heparinized
(100 units per kg, 1.V.). Blood ascorbic acid levels
were measured by titration with the sodium salt 2,6-
dichlorophenol-indophenol.® Silver staining of the
cement lines in the aortic endothelium and fixation
in situ® were accomplished by perfusion through
tubes in the left atrium and the abdominal aorta.
En face or “hautchen” preparations of endothelium
were prepared from the arch, thoracie, and ab-
dominal segments of the opened aorta. The stains
used were: hematoxylin and eosin, periodic acid-
Schiff (PAS), and toluidine blue at a pH of 2.5.
To ascertain the nature and frequency of cytologic
abnormalities, 1,000 cells were examined from
widely dispersed, randomly located fields in each
slide. For the assay of fibrinolvtic activity, endo-
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TasLe 1 —Endothclial Changes in Ascorbic Aecid Deficiency
Ascarble Cemont Ling Btainability * MNuclear Abnormalities
Ciuimen Acid Lave] —r—— - -
Pigs mgs100 oo Arch Thswr Al Pyknosis Vacuolas Enlargmt

Contral 3 wk ] 0,56 2.0 2.5 2.5 0,16 0.46 014
Beurvy 3 wk 4 0.2 1.4 b I .16 3.1l 048

4wk 4 0.2 2.0 1.1 1.1 4 267 0.35
Chronle scurvy § 4 0.2 0.5 1.3 1.8 0,35 107 0.21

* Seared from 1 to 3 plus; a value of 0.5 was assigned to very fainl lines,
t Beorbutigende diet for glx weeks Interrupled during the third and fourth weeks by the addition of ascorble seld to the deficlent

diet.

thelivm of fresh aortic segments was 1solated by
freezing to the surface of a glass slide and removing
the external layers. The resultant strips of endo-
thelivm were then overlaid with fbrin, formed by
covering with a solution of fAbrinogen promptly
after the addition of thrombin, and incubated in a
moist chamber at 37° for four hours. They were
then fixed in formaldehyde vapor for one minute,
formol saline for one hour, stained with hematox-
ylin and eosin, and mounted in glycerin jelly.
Tissues for electron microscopy were removed
under ether anesthesia, fixed immediately i cold
buffered isotonic 196 osmium tetroxide,” processed
through graded alcohols, and embedded in Epon.
Ultra-thin sections were cut on a Porter-Blum
microtome, stained with lead and examined with an

electron microscope, RCA EMU-3G.

Results

Starting during the third week of a con-
tinuous scorbutic diet, progressive weight
loss was observed. Blood levels of ascorbic
acid which normally exceeded 0.6 mg/100

ce, dropped below 0.2 mg by the fourth
week of the deficient diet. Concurrently,

hemorrhages were observed regularly in the
periarticular tissues of the knee and oc-

Fig 1.—En face prep-
arations of normal and
ccorbutic  guinea  pig
aortic endothelium. Ob-
cerve the uniformly in-
tense  silver  staining
junction lines in the
normal on the left. By
contrast, the cell junctions
stain faintly and irreg-
ularly in scurvy. Note al-
<o the variability of cell
size, giant nuclei, and
nuclear vacuoles in the
deficient endothelium.

casionally in the intestinal mucosa. There
were no abnormalities of platelets, hbrin-
ogen, prothrombin or thromboplastin gen-
eration,

As observed in the en face preparations
of aortic endothelium (Table 1), the umi-
formly intense silver staining of the cement
lines of the control animals was greatly
diminished in scorbutic guinea pigs (Ing 1).

It was noted that a small proportion of
endothelial cells in normal amimals, and a
somewhat greater number in C-dehcient
amimals, displayed swollen nuclei more than
twice normal size. Occasionally, such giant
nuclei were distorted and misshapen, but
mitoses  were
vacuoles were several times as frequent in
scorbutic animals as in controls. At times,
the vacuoles, which stained neither for fat,
glycogen, nor acid mucopolysacchanides,
communicated with the cytoplasm leaving a
pyknotic nucleus. Cytoplasmic vacuolization
was observed to about the same degree

not observed. Intranuclear
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Fig 2—Electron micrograph of normal guinea pig aortic endothelium. Observe the narrow inter-
cellular junction at the upper right, the fiinger-like overlapping cell process, and the meshwork of collagen
fibers between the endotheliom suud the unstained mternal elastica at the right (X 8,000, reduced abont

14% ).
TapLe 2—Fibrinolytic Actwwity * of Aortic Endothelivon in Scurey
Thoracic Abdominal
Animals Arch B I'rox M.i_nl st d__.“l‘m:-: ;l:l st
Control 10 0.4 0.5 1.2 1.5 1.5 1.9 1.9
Feorbulic dict 3 wks 10 .6 0.7 0.4a 1.6 2.0 1.7 1.7

* Graded frone O (o 3 plas; 0.5 representing minimal, and 3 reprezenting prominent amnd Jifuze [ysis,
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Fig 3.—Electron micrograph of scorbutic guinea pig aortic endothelium. In comparison with Iag 2,
note the widened intercellular junctions, the depletion of subendothelial collagen, and the reduction in cyto-
plasmic organelles (X 12,000, reduced about 199 ).

control and deficient animals. Small platelet
thrombi occurred haphazardly on the endo-
thelial surface of both control and scorbutic
animals; in most instances, the underlying
endothelium was intact.

The fibrinolytic activity of aortic endo-
thelium was unaffected by ascorbic acid

dehciency., 1:_:!1]’5{11:51}', in both control and
scorbutic  pigs, fibrinolytic  activity
ereater in the abdominal aorta than it was

was

in the thoracic portion (Table 2).
Examined with the electron microscope,

the normal aortic endothelium of the guinea

pig was characterized by a well-developed
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Golgi apparatus and a modest endowment
of mitochondria and rough endoplasmic
reticulum.  Numerous small membrane-
limited vesicles were observed in the cyto-
plasm along the cell margins. Occasionally
the cytoplasm also contained clusters of fine
filaments. Adjoining endothelial cells were
closely apposed; often a short finger-like
process originating from the margin of one
cell covered the junction and part of the
surface of its neighbor. There was not a
distinct basement membrane. A rather wide
space separating the endothelium from the
internal elastic lamina contained small num-
bers of collagen fibers (Fig 2). In the scor-
butic animal, endothelial cells displayed
decreased numbers of ribosomes, both free
and attached. Nuclear deoxyribonucleic acid
(DNA) was visibly reduced in some cells.
Loosening and occasional gapping of the
intercellular junctions could be seen as well
as a distinct depletion of collagen between
the endothelium and the internal elastic
lamina (Fig 3).

Comment

On the basis that swollen, distorted, or
vacuolated nuclei in scorbutic endothelial
cells indicate injury, it seems reasonable to
suggest that there is an associated reduction
of those functions which, normally, pro-
vide the silver staining material in the inter-
cellular junctions. The actual junction space
as revealed by electron microscopy is
widened, and there is also depletion of
subendothelial collagen fibers. Since sub-
endothehial collagen is sparse and inconstant
in the capillary ® channels from which
scorbutic bleeding originates, endothelial
cell disjunction must be the essential struc-
tural basis for the occurrence of hemor-
rhage in scurvy. It is possible, though, that
loss of perivascular collagen may contribute
to dilatation (and increased porosity) as
ILee® had observed. Other studies have
shown that permeability of microscopic
channels to colloidal particles induced by
serotonin or histamine,® and the emigration
of leukocytes and erythrocytes from capil-
laries in inflammation ! also result from
widening of the intercellular junctions. In

375

scurvy, the attenvation of cytoplasmic
organelles suggests that loss of cohesiveness
could be a consequence of reduced metabolic
capacity of the cell. The prompt and revers-
ible production of the same change by
pharmacologic stimuli or by inflammation

clearly must have some other explanation.

The endothelial cell junctions and the
material within it have been considered the
anatomic route of physiological permea-
bility.*? Its dimensions, estimated by light
microscopy, however, are greatly exag-
gerated. Electron micrographs have shown
that cement lines are actually only optical
projections of wvery narrow oblique in-
tercellular spaces.® In scurvy, loss of the
normal argyrophilia clearly indicates no
relation between this stain and the size of
the intercellular space. The nature of the
contents of the junctions has not been
established, though it has been considered
either to be acid mucopolysaccharides,'?!
or a substance that has affimity for them.'®

The nature of the biochemical lesion in
scorbutic endothelium remains to be de-
termined. The ultrastructural changes in
them are similar to those described in
ascorbic acid deficient fibroblasts (dilated
cisternac of the endoplasmic reticulum,
depletion of membrane attached ribosomes,
and relative increase of free ribosomes)'®1%
for which much more information is avail-
able. The failure of wound healing in scurvy
results from a lack of collagen forma-
tion.'®2* Despite hypertrophy and hyper-
plasia, ascorbic acid deficient fbroblasts
fail to hydroxylate proline and lysine to
form constituents essential to the structure

of collagen.®!

Summary

With scurvy in guinea pigs, the aortic
endothelium, examined with en face prepa-
rations, displays reduced silver stainability
of the cement lines and an increased inci-
dence of such nuclear abnormalities as
vacuolization, swelling, distortion, and pvk-
nosis.

The deficient diet 1s not associated with
a change in the fAbrinolytic activity of the
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This displayed a gradient
which increased from the arch to the ab-
dominal segment of the aorta.

Electron microscopy displayed separation
of endothelial cells in scurvy as the pre-

endothelium.

ENDOTHELIAL CHANGES—GORE LT AL

sumptive cause of leakage. There is also a
depletion of subendothelial collagen and a
reduction of cytoplasmic organelles.

Supported in part by grants in aid from the Mational Tn-
stitutes of Health (HE-07327-03) and the Council for To.
bacco Research.
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