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In studies of the oxygen consumption of young male rats on a
vitamin -E-deflcient diet, it has been found that a single dose of
dlalpha-tocopherol acetate given on the Isth day of life is followed by
prolonged lowering of total oygen sumption as compared with
untreated litter mates. This effect is continued until the onset of sexual
maturity.'

lThis paper is concerned with a similar protracted effect of a single
dose of tocopherol, given to rats on the I5th day, upon postpubertal
testicular degeneration.

METHODS

The mother rats were mantained from the time of weaning on a
vitamin E-defilent diet which consisted of: ein (commercial), 320
gi; cornstarch, 400 gm.; lard, 220 gm.; yeast (baker's dried), Ioo
gi; salts (Hawke-Oser), 40 gm.; fish oil (Mead's blended), 20 gn.
During lactation, Ioo gm. of yeast were added to the diet.
When mating was positive, the litter was assured by protecting the

mother with 50 drops of wheat germ oil, given within 5 days after
mating. To the treated rats, dl-alpha-tocopherol acetate (Hoffmann-La
Roche) was given by mouth. Dose and day of administration are stated
in the tables. In order to make the tocopherol inaccessible to the un-
treated rats, they were separated from their litter mates for several
hours after the administration. Controls on a Rokland pellet diet t
supplied data for normal testicular weights. Comparison in individual
experiments was always between treated and untreated litter mates;
however, the data given in the tables represent mean values derived
from different litters.
The right testide was removed at various ages under ether narcosis;

sperm from the vas deferens were examined in Locke's solution for
motility or evidence of degeneration, and a histologic study was made
of the testis. In grading the lesions, we have followed the stages de-

* Aided by a grant from the John ad Mary R. Markle Foundation.
Received for publtion, May 1I7, 1943.

t A commercial product containg ground yellow corn, ground hulled barley, ground
hulled oats, ground whole wheat, soy bean meal, meat scmaps, powdeed whole mik,
alfalfa meal, NaCi (not iodized), precipitate chalk (CaCO0).
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scribed by Mason.2 After a further period of observation, the second
testis was removed, also under ether anesthesia, and the animal klfled.

ExPEmcTAL FInDINGs
Data upon the weights of one testis at various periods after the

administration of o.s or i.o mg. of dl-alpha-tocopherol on the iSth day
are given in Text-Figure I, in which are recorded also the weights
of one testis of the untreated litter mate controls.

It is obvious that during the prepubertal period treated and untreated
rats have about the same testicular weights. A striking difference be-
comes manifest after the 6oth day. The testicular weight of the un-
treated animals declines, at first rapidly, then more slowly, to reach a
final average weight of about 500 mg.
The testicular weight of the treated rats continues to iease in

completely normal fashion until about the goth day. In 4 of 8 animals,
maintenance of normal weight continued until the i ioth day. Although
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Text-Figure I appears to show occasional overlapping in the later age
groups, this was not the case when litter mates were c rd. The
average fina weiht of he testis in the trated rats at I35 to I6o days
was nearly twice as great as that of the untreated controls, although
there were wide individual variations.

It is seen that most of the testicular weights of treated rats fall above
a curve based on the testiular weights of rats of the same colony on a
stock diet.* This is eained by the better growth and heavier body
weight of the litter on our experimental diet.

Plotting testicular weights against body weights has given com-
parable curves, althogh the tre animals tended to be s hat
heavier than the controls.

motility of Sperm
The effect of the tocopherol in ding the period of sperm tility

is dearly de sted. In 2 of the trted aninma, mobfle sperm were
present on the 163rd day. In not a single animal were d ative
changes noted before the Iooth day in the sperm obtained from the
vas deferens, whereas in the nontreated rats, swing and ping of
the sperm were observed in hal of the cases during the period of 71 to
8o days, and in practically all cases thereafter.

A limited number of fertility tests were made. In the age group from
6i to 76 days, io matings with mal females on stock diett yielded
4 positive results. In 3 cases, the young, in all 27, were observed for
3 mnths, durig wich time they showed nrmal behavior and grwtLh.
Matings were attempted with 9 untreated litter mates of the same age
group. No sperm were found in the vaginal plugs, and alImtings
were sterile.

Histologic Changes
The prolonged protective effect of the tocopherol was reflected in

the maitenance of structure b d the period in which de-
generation of the testis becomes manifest with untreated vitamin E
eficlency. This is brought out in Table I and in Figur s to 6. Not

included are the histologic findings m 9 treated and io untreated
s examied between the 3sth and soth days, since there was no

detectable difference in the testes at this time. Nor is there any evident

*We ane ih ted to Dr. Herbet Stoek for te data
t During the period, nabs ani feae wegwei only the vitamin E-

dfcetdietL
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diserence between the 5ist and 60th day, corresponding to the onset
of spermatogeness. From this time on, as the table shows, degenerative
changes are consistently more advanced in the untreated rats. Even
after 121 days, one occonally finds histologically normal teste in
the treated rats.
The lesions were graded without previous knowledge as to whether

the individual rat had or had not received tocopherol. When compari-
sons were made between rats of the same litter, the differences were
always consistent.

Effect of Increased Dosage
No systematic study has been made of the comparative effect of

varying doses. Through inadvertence, however, 4 rats from three litters
received 5 mg. on the irth day, instead of the usual dose of o.5 or i.o
mg. This exercised a more delayed protective effect. In the age period
of go to iox days, the average weight of one testis from this group
was I450 gi. as compared with an average weight of 1.134 gin. m
rats which had received the smaller dose. All of the animals had motile
sperm, and the testes were histologically normal. At IIO to 125 days,
the testicular weight in 4 anima stil averaged 1.27I, as contrasted
with a weight of o.5oo gm. in the untreated controls. Motile sperm
were still present in 2, and microscopic examination showed only very
early degeneration (Figs. 7 and 8).

Inuence of Age at Which Tocopherol Was Adminstered
It has been shown that tocopherol given during the early period of

lactation is relatively ineffective in preventing the onset of musular
dystrophy.3 This raised the possibility that it might be equally in-
effective in delaying the postpubertal testicular degeneration. Experi-
ments bearing on this point are sunmarize in Table Ill, from which
it is obvious that there is no protective effect whatever when the
tocopherol is given in the early lactational period.
Even more interesting is the fact that administration of I.O mg. of

alpha-tocopherol on the 2gth or 30th day-that is to say, immediately
after weanng-is less efficacious than when it is given on the r5th day.
This is dear from the observations presented in Table IV. Although
there is a definite protective effect, it is distinctly less than when the
tocopherol is given on the I5th day; and in some litters, the weight of
the testis of individual untreated rats exceeds that of the controls.

DIscussIoN
These observations indicate that a single dose of o.5 or I.o mg. of

d-alpha-tocopherol acetate given on the Isth day of life produces a
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significant retardation of postpubertal testicular degeneration in rats
mintained on a vitamin E-defident diet. In agreement with the
findings of Mason,4 we can detect no effect during the developmen-
tal period. The onset of spermatogenesis is not delayed in the vitamin
E-defident rats, and the spermatozoa for a short time exhibit normal
motility. Beginnig at the 6oth day, however, there is sharp divergence
in the behavior of the testis in treated and untreated rats. The con-
tinuing effect of the single early dose of tocopherol is reflected in
the greater weight of the testes, in the conservation of sperm motility,
in the percentage of fertile matings, and in the histologic structure of
the organ. This is consistently true, in spite of wide individual varia-
tion in the degree of degenerative ange at any given period. A still
more evident protection is obtained when the dose is raised to 5 mg.

In contrast to this striking protective effect of tocopherol when given
on the I5th day is the complete la of it when the vitamin is adminis-
tered on the 6th to the 8th day. This is perhaps less surprising in view
of the fact that the early administration fails also to protect against
the occurrence of muscular dystrophy.

In the experiments of Mason,4 the mother and infant rats were
transferred on the i4th day from a stock diet containing three times
the required amount of vitamin E to a vitamin E-deficient diet. Under
these conditions, histologic signs of testicular degeneration began be-
tween the 65th and 7oth days. This corresponds closely to what has
been observed by us in untreated animals. Since Mason's rats pre-
sulmably received a certain amount of vitamin E during the first 2
weeks of the nursing period, it would seem that a deficiency during
the third week is of critical import, and that, as in our experiments, the
provision of vitamin E during the early lactational period will not arrest
or delay subsequent testicular degeneration. That the third week of
lactation is a critical one is further borne out by the fact that when
tocopherol is given after weaning it is less effective than when given
on the Isth day.
The difference in the average weights of testes between treated and

untreated litter mates at the age of 7I to 8o days is thus greatest in
those receiving tocopherol on the i5th day, less in those receiing it
on the 29th or 3oth day, and entirely absent when it is given on the
6th to 8th day. The figures are 0435 gm-, 0.329 gin. and minus o.o6I
gin, respectively.

Since over half of the rats treated on the 29th or 30th day had shown
previous dinical evidence of muscular dystrophy, it is interesting to in-
quire whether this may have had a deleterious influence upon the
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tsticular changes. This is definitely not the case. There is no differ-
ence in absolute or rlative testicular weights at the age of 71 to 80
days between the ania with and without dinical signs of mular
disease. The lack of correlation between symptoms of musular disease
and testicular degeneration is true also of the untreated animsas.

CONCLUSIONS
I. Administration of a single dose of o.5 or i.o mg. of d-halpha-

toc6pherol to the offspring of vitamin-depleted mother rats delays the
onset and retards the course of postpubertal testicular degeneration.

2. AdminiStration of 5 mg. on the I5th day produces a still greater
protective effect.

3. Administration of I mg. on the 6th to 8th day is without effect.
4. Administration of I mg. on the 29th to 3oth day affords less

protection than when given on the isth day.
We are greatly indbed to Dr. R. D. of Holmann-La Roche, I[nc, Nutley,

N. J., for the tocoherol used in these expe ts.
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DESCRIPTION OF PLATES

PLATE 46

Each pair of figures, beginning with Figures i and 2, represents testes frn
litter mates. Sectios are stained with Weigert's iron hematoxylin and eoSin stain.
X 490. See Table II for Mason grading.
Fis I. 65 days. i mg. dl-alpha-tocopherol on iSth day. Testicular weight, 1482

gm. Mason stae o.

FRG. 2. 6S days. Untreated control. Testicular weight, i.o86 gmin Mason stage L.
Ficm 3. 75 daYs. I mg. dl-alPha-tocoPherol on ISth day. Testicular weight, 1.378

gm. Mason stage I.

FIG. 4. 75 days. Untreated control. Testicular weight, 0.936 gm. Mason stage mL
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PLATE 47

FIG. 5. 97 days. 0.5 mg. dl-alpha-tocopherol on 15th day. Testicular weight, 1.071
gm. Mason stage o.

FIG. 6. 97 days. Untreated control. Testicular weight, 0o.549 gm. Mason stage V.

FIG. 7. 121 days. I mg. dl-alpha-tocopherol on 15th day. Testicular weight, I49I
gm. Mason stage I.

FIG. 8. 12I days. Untreated control. Testicular weight, o.594 gm. Mason stage V.
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