solutions will be diluted by a factor of
50 or more in the plasma volume dur-
ing circulation (I3).

We have demonstrated reversible
breakdown of the blood-brain barrier
by substances which have little or no
lipid solubility but which differ in
chemical and ionic properties. Although
reversible damage with hypertonic NaCl
has been shown after 24 hours (/4),
the demonstration of reversibility within
at least 30 minutes for damage by a
whole class of substances may make it
possible to use reversible osmotic open-
ing as an experimental tool in the study
and modification of barrier permeabil-
ity, perhaps in relation to central ner-
vous system chemotherapy.

The observations support the hy-
pothesis that the reversible agents act
osmotically, perhaps by shrinking bar-
rier cells and reversibly opening spaces
between them. These spaces may be at
the tight junctions between endothelial
cells of the cerebral blood vessels (15).
The more lipid-soluble agents appear to
act irreversibly, perhaps by destroying
cell membranes or killing cells. The ob-
servations also support the suggestion
(I) that the blood-brain barrier to
HCO;—, trypan blue (4), and Evans
blue—albumin complex, as well as to
horseradish peroxidase (I5), arises
because of close contiguity of barrier
cells.
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Ceroid Pigment Formation and Irreversible Sterility in

Vitamin E Deficiency

Abstract. Female rats maintained on a diet deficient in vitamin E for a pro-
longed period of 100 to 135 days, starting from birth, failed to conceive in spite
of repeated matings. Dietary vitamin E supplementation for a period of 60 days
following prolonged deficiency was ineffective in reversing the sterility, although
a definite growth response was observed. These observations suggest that the
tissue damage caused by lipid peroxidation, as evidenced by distinct brown ceroid
pigment in the uterus and fallopian tubes, may be responsible for the irreversible
loss of fertility observed in the vitamin E—deficient female rats.

The relation of vitamin E to repro-
duction in female rats was first recog-
nized by Evans and Bishop (/) who
discovered an unknown antisterility
“factor” termed vitamin E (2, 3). The
reproductive failure in female rats was
characterized by the malformation or
resorption of the fetus in vitamin E
deficiency (I-14). However, it still re-
mains a question whether permanent

sterility is possible in female rats by
depriving animals of vitamin E for an
extended period of time starting from
birth. The present study was under-
taken to find the long-term effect of
vitamin E deficiency on the incidence
of sterility in the female rats and the
nature of such sterility with respect to
its reversibility by vitamin E supple-
mentation in the diet.

T T 1 1
250 |~ Control rats
— Vitamin E
o deficient rats
£ 225 —
o
)
3
>
Ra
o
=<3
200 o
l\.\! /l”"”. L d1-a-tocopherol supplemented
I Mating
i ‘I_I. ﬂ, - ~—»  period
s 1 ! 1
100 120 140 160 180 200
Age (days)

Fig. 1. Change in body weight of female rats on vitamin E-deficient and —supplemented
diets. Each point represents mean =+ standard deviation. dl-a-Tocopherol was added
in the supplemented diet in the form of acetate.
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Four female rats of the Wistar
strain, at an early stage of preg-
nancy, were placed on a diet deficient
in vitamin E (15). A corresponding
number of pregnant rats were fed
a control diet supplemented with
2.5 g of dl-a-tocopheryl acetate (2500
international units) per kilogram of
diet. After delivery, the mothers and
the newborn littermates in the experi-
mental group were continued on the
vitamin E-deficient diet for 21 to 23
days. The young females from control
and experimental groups were placed
in individual cages and their respective
diets were continued for a total period
of 135 days. The males from both
groups were maintained separately on
normal laboratory chow diet for breed-
ing purposes. Food and water were
supplied freely to all animals.

Between 95 and 100 days, when fe-
males from the control group reached
their mature body weight of about
210 g and the experimental animals
about 180 g, each female was allowed
with one male during five different
mating periods as described in Table 1.
The results clearly show that in the
control group the total percentage of
successful conception leading to preg-
nancy was 68, of which 12 percent
conceived during the first 12-hour mat-
ing period, 16 percent during the second
36-hour mating period, and 40 percent
during the subsequent 96-hour mating
period. In the experimental group none
became pregnant after any one of the
above-mentioned mating treatments.
After further matings for two subse-
quent 96-hour periods after 30 and 50
days following supplementation with
2.5 and 5.0 g of dl-a-tocopheryl acetate,
respectively, these animals still failed
to conceive.

The change in body weight of these
animals during mating periods is rep-
resented in Fig. 1. The control animals
maintained a constant body weight
throughout the period. On the other
hand, females from the vitamin E-~
deficient group maintained lower body
weights throughout the deficiency pe-
riod. When vitamin E was supple-
mented to the diet, the body weight
increased sharply and reached the level
of control animals within 30 days of
supplementation.

All animals were Kkilled at the age
of 195 days and their uteri were dis-
sected. On examination, no indications
of definite sites of implantation or re-
sorption were obtained in the vitamin
E—deficient females. A large amount of
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Table 1. Fertility in female rats fed vitamin E-deficient and -supple{nented diets.

Fertility at various

G periods of mating* Total ‘3;;’:{(‘11
Toup % ili :
(%) fe(r% 1)ty pigment
I o o v v In uterus
Control ratst 12 16 40 68 —_—
Vitamin E-deficient ratsi 0 0 0 0 +
Vitamin E-deficient rats sup-
plemented with vitamin E§ 0 0 ) +

* Exposure time for mating periods: 12 hours for I, 36 hours for II, and 96 hours for III, IV, and

V.
animals.

1 Two groups each consisting of four animals.
§ Supplementation of vitamin E during mating periods IV and V was 2.5 and 5.0 g

f Three groups each consisting of four

of dl-a-tocopheryl acetate per kilogram of diet, respectively.

fat deposition was observed in the
abdomen of these females. The vitamin
E-deficient females showed distinct
pigmentation, uniformly spread all
through the uterus and the fallopian
tubes, which persisted even after the
supplementation of vitamin E for up
to 60 days. A similar type of brown
pigment formation was first noticed by
Martin and Moore (16, 17) and was
characterized as “ceroid pigment.” A
possible relation between these pig-
ments and vitamin E deficiency was
contributed by Dam and Granados
(18). According to these investigators,
if rats are fed a diet containing a large
amount of cod liver oil, they can de-
velop peroxides in their adipose tis-
sues. Neither peroxides nor visible pig-
ments developed when vitamin E was
present in the diet.

Martin and Moore (I7) earlier re-
ported that the pigmentation formed as
a result of long-term vitamin E defi-
ciency in rats could be minimized by
refeeding vitamin E to the animals.
However, none of these previous in-
vestigators tried to examine the fertility
of their animals under the experimental
conditions reported by them. In the
present experiment, we could reverse
neither the pigmentation nor the steril-
ity in our deficient animals even after
refeeding them with vitamin E for a
period of 60 days, although a distinct
growth response was clearly evident.

It appears that during long-term
vitamin E deficiency irreversible tissue
damage, as evidenced by brown ceroid
pigmentation, is caused, which inter-
feres with the conception and implanta-
tion in the uterus and thereby induces
infertility in the female rats. Such ir-
reversible free radical damage to tissue
constituents during lipid peroxidation
in vitro and the chemical nature of
such damage has been demonstrated
earlier by Desai and Tappel (19).
Roubal and Tappel (20, 21) subse-

quently showed that proteins and en-
zymes in aqueous solution, when sub-
jected to lipid peroxidation, undergo
major reactions of polymerization,
polypeptide chain scission, and irre-
versible changes in the individual amino
acids.

It is therefore suggested that during
long-term vitamin E deficiency, lipid
peroxidation which causes extensive
tissue damage, as evidenced by brown
ceroid pigment formation in the uterus
and fallopian tubes, may be responsible
for the irreversible loss of fertility ob-
served in the vitamin E-deficient fe-
male rats.
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