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over, in the cortical cytoplasm, thin filaments usually
arranged in large bundles. running parallel to the long
axis of the cell, were often detectable (figure 2). The fila-
ments measured 50-70 A in diameter and often the
bundles showed a cross-striated appearance due to the
presence of electron-dense bodies throughout their length.
Numerous microtubules were also visible.

In indirect immunofluorescence, the cells of the regenexr-
ating tissue displayed an intense reaction to human anti-
smooth muscle antibodies (figure 3). Staining appeared
more intense than in the controlateral tendon (figure 4).
The fluorescent cells were uniformly distributed both in
the peripheral part and in the centre of the regenerating
tissue. No fluorescence was detectable when normal
human sera were employed in the same test.

Discussion. In a previons study!® tenocytes were shown
to have morphological and immunochemical characteris-
tics of contractile cells. These findings suggested that
tenocytes may be considered myofibroblasts and tendon
a contractile organ. Our observations demonstrate that
contractile structures are also present in the cells of the
granulation tissue during the early stages of tendon
regeneration in an amount by far larger than in normal
tendon.

In adult tenocytes, the contractile apparatus has been
considered to be involved in the modulation of the con-
tractile and retractile activity of the muscle-tendon func-
tional unit19, Since during the early stages of the regenera-
tion this modulation is temporarly interrupted, contrac-
tile structures could then play a determinant role in
a) the process of adhesion, movement and orientation of
the newly differentiated cells, and b) in the retraction of
the regenerated tissue. These new functions could require
a contractile apparatus more developed than that neces-
sary for the normal modulatory activity. A system of
cytoplasmic contractile filaments similar to those de-
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scribed in this study has been observed in amoeba!® and
in cultured chick embryo fibroblasts!t, where they seem
to be critical for cell-adhesion and mobility. It is likely
that such contractile structures play a similar role in the

" myofibroblasts of regenerating tendon. In fact, between

the 2 ends of a cut tendon, a large gap is formed which is
initially filled with fibrin clot and blood cells. Succes-
sively, cells of the peritendineous sheaths proliferate and
progressively invade the blood clot?% 16, The main role of
the contractile apparatus could, therefore, be related to
the ameboid movements which allow the cells of the
peritendineous sheats to invade and substitute the initial
blood clot. At this stage, a retraction of the newly formed
tendon probably occurs. The contractile apparatus might
at this time play an important role, as has been shown to
be the case in the wound contraction described by Gab-
biani et al.%3? Only at later stages when the cells of the
regenerated tissue acquire the morphological and func-
tional characteristics of adult tenocytes!?, the fibrillar
system would assume the function played in normal
tendon.
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Summary. Plasma protein and tocopherol concentrations, haematocrit and 59-iron incorporation into erythrocytes have
been measured in vitamin E-deficient and supplemented mice before and after exposure to 500 R of 260 kVp X-ray.
Supplemented animals had greater haematocrit, plasma tocopherol and protein levels initially. After irradiation plasma
tocopherol concentration decreased drastically in the vitamin E-supplemented mice.

The haematopoietic system is particularly sensitive to
ionizing radiation. In view of the role of alpha tocopherol
in protecting cell membranes from peroxidation?, pro-
tecting red blood cells from hemolysis® ¢ and its role in
haematopoiesis®, the tocopherol status of an organism
may be expected to have a great influence-on the radiation-
response of that organism.

Several studies have been carried out to test the modi-
fying influence of vitamin E on radiation damage®-? and
~ the results have been conflicting. This may be due to the
fact that tissue tocopherol levels are not readily increased
by injection of some forms of tocopherol1® and furthermore
normal lab diets are sufficiently high in tocopherols that
further supplementation with vitamin E has little effect
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EXPERIENTIA 33/7

Changes in blood parameters following X-irradiation of vitamin E-supplemented and vitamin E-deficient mice

Time post Haematocrit (%) Plasma protein (mg/ml) Serum tocopherol (ug/ml) 59-Iron activity {cpm x10-%)
irradiation (days) Supplemented  Deficient Supplemented . Deficient Supplemented Deficient Supplemented Deficient
0 40 4+ 2.3 * 35422 46413 * 304 8 30 1.0 195 4- 10 182 4 24
2 36 4 2.2 354+23 47+ 7 43+ 14 18 0.9 40 + 22 54 4 25
4 34 4 2.4 30443 434+ 8 38+ 9 15 0.9 0 0
6 27 4+ 1.7 29 £ 4.3 36+ 6 * 304+ 5 10 0.9 105 + 95 127 4 50
8 27 + 1.7 27425 46 + 5 0 * 374 6 10 0.9 138 4+ 86 97 4+ €9
10 27 4+ 3.8 23433 43 + 12 41413 9 0.9 132+ 64 % 241 4 55

* Significant (p < 0.05) differences between supplemented and deficient groups compared by t-test. SD are indicated in the table (n = 5).

with respect to radiation response. In addition to modi-
fying the initial radiation damage, it is conceivable that
tocopherol levels post irradiation may influence recovery
processes. Therefore this study will evaluate the combined
influence of these 2 effects on blood parameters in irra-
diated mice.

Materials and methods. After weaning, male Swiss albino
mice {Canadian Breeding Farm and Laboratories Ltd)
were maintained on vitamin E-deficient and vitamine
E-supplemented (200 mg dl-a-tocopherol per kg diet)
rations for 110 days prior to irradiation as previously
described 4. Food and water were provided ad libitum.
Haematocrit, plasma tocopherol and 59-iron incorpora-
tion into red blood cells were measured in groups of 5
animals before exposure to 500 R of 260 kVp X-ray at
20 R/min generated from a Muller MG-300 X-ray machine
and at 2-day-intervals for 10 days post-irradiation. Ani-
mals were injected i.p. with 0.7 pCi 3FeCl, in 0.99%, NaCl
(NEN) 2 days prior to sacrifice. Blood was removed in a
heparized syringe by cardiac puncture. Blood cells were
washed twice by centrifugation and the protein content
determined by Biuret test. Plasma was combined from
5 animals for serum tocopherol determination using the
Desai modification?! of the Quaife and Harris method 2.
Results. Haematocrit decreased following irradiation
(table). Vitamin E-supplemented animals had significantly
higher pre-irradiation haematocrit but this decreased by
2 days post irradiation (p < 0.05, t-test). Thereafter, there
were no significant differences in haematocrit between
vitamin E-supplemented or deficient animals.

Plasma protein levels were significantly higher in vitamin
E-supplemented mice before irradiation and from day 6 to
Safterirradiation. However, themostdrastic vitamineffect
was in changes in plasma tocopherol concentration. Before
irradiation, the tocopherol-supplemented group had 30
times the concentration of the deficient group. Following
irradiation, the tocopherol concentration in the supple-
mented animals declined 3fold by the 6th day whereas
no decline was observed in the deficient animals. Incor-
poration of 59-iron into erythrocytes was not significantly
different under the 2 dietary regimes before irradiation.
After irradiation, the uptake of 59-iron declined to zero
by the 4th day and thence recovered in both groups; on
the 10th day there was a significant (p < 0.05) increase
in uptake by the vitamin E-deficient group.

Discussion. The initially lower haematocrit in vitamin
E-deficient mice is consistent with observations that
tocopherol reduces fragility and plays a role in haeme
synthesis®-%. The increased plasma protein concentration
of tocopherol supplemented mice may be consistent with
reports of increased humoral immunity with vitamin E
supplementation 13, 14,

The rapid decline in plasma tocopherol concentration in
vitamin E-supplemented mice after irradiation may re-
flect reduced consumption of test-diet as some anorexia
would be expected at the dose employed. Kayden and
Bjornsen® reported a 509, reduction in plasma tocopherol
concentration in humans fasting for 64 h following prior
ingestion of 3 g tocopherol daily. Also, intestinal absorp-
tion of ingested diet may be impaired following irradiation.
It is also possible that plasma tocopherol is mobilized
into radiosensitive tissues damaged by the radiation
stress. It seems unlikely that the decline refletts in situ
destruction of tocopherol since similar declines were not
observed in the animals on deficient diet.

The very similar response of the vitamin E-supplemented
and deficient groups to radiation seems to indicate that
tocopherol supplementation does not reduce damage to
the erythropoietic system nor does it enhance its recovery.
Although it is conceivable that some difference in the
rate of recovery between day 4 and day 6 may occur or
that the response may differ after 10 days, the results
are somewhat unexpected in view of reports®%8#9 of
significant radioprotection by vitamin E in several test-
systems. It is well established that reducing oxygen ten-
sion in tissues reduces radiosensitivity. It is possible that
the slight anaemia of vitamin E-deficient mice reduces
the oxygen effect and thereby masks any protection or
enhanced recovery in vitamin E-supplemented animals.
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