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ABSTRACT The effect of vitamin D deficiency on the
fertility and reproductive capacity of male rats was inves
tigated. Male weanling rats were fed vitamin D-deficient
or vitamin Dâ€”replete diets until maturity, and mated to
age-matched, vitamin Dâ€”repletefemales. Vitamin Dâ€”de
ficient males were capable of reproduction. However, suc
cessful matings, i.e., presence of sperm in the vaginal tract
of the female, by vitamin Dâ€”deficientmales were reduced
by 45% when compared to matings by vitamin Dâ€”replete
males. Fertility (successful pregnancies in sperm-positive
females) was reduced by 73% in litters from vitamin D-
defÃ¬cientmale inseminations when compared to litters from
females inseminated by vitamin Dâ€”repletemales. These
results demonstrate that vitamin D and its metabolites are
necessary for normal reproductive functions in the male
rat. J. Nutr. 119: 741 -744, 1989.
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The importance of vitamin D in calcium and phos
phorus metabolism is well known, but its role in the
reproductive cycle has received little attention. Recent
observations have indicated that vitamin D plays an
important role in female reproduction. During preg
nancy and lactation there is an increase in the rate of
synthesis and plasma levels of 1,25-dihydroxychole-

calciferol, the hormonally active form of vitamin D,
which presumably functions to increase intestinal ab
sorption of calcium and the mobilization of maternal
bone. Halloran and DeLuca (1, 2) have shown that vi
tamin D is not absolutely necessary for reproduction
in the female rat, but that the absence of vitamin D
diminishes fertility in females and reduces litter sizes
and neonatal growth. When an attempt was made to
produce vitamin D-deficient, pregnant females in our
laboratory by mating vitamin D-deficient females to
vitamin D-deficient males, the percentage of success
ful matings and fertile litters observed were less than

predicted from the results of Halloran and DeLuca (2),
who mated vitamin D-deficient females to vitamin D-
replete males. We have therefore investigated whether
or not male rats fed a strict vitamin D-deficient diet
from weaning can reproduce and give rise to normal,
healthy litters from vitamin D-replete female rats.

MATERIALS AND METHODS

Animals and diets. Male and female age-matched,
Sprague Dawley rats (Harlan-Sprague Dawley, Madi
son, WI) were obtained as weanlings and divided into
groups. All vitamin D-deficient males were fed a pur
ified diet containing 0.47% calcium and 0.3% phos
phorus as described earlier (3). One half of the vitamin
D-replete males and females were fed the same diet
as the vitamin D-deficient males, but received 2 (jugof
cholecalciferoi per wk in 0.1 ml of propylene glycol by
a single intraperitoneal injection. The other half of the
vitamin D-replete males and females were fed a com
mercial nonpurified diet (Wayne Rodent Blox, Conti
nental Grain, Chicago, IL). All animals were housed in
hanging wire cages and maintained on a 14/12 h light/
dark cycle. Light in the room housing the vitamin D-
deficient rats was provided by incandescent lighting,
and all potential sources of ultraviolet light were elim
inated to exclude the possibility of endogenous vitamin
D production in the skin.

Mating. At approximately 90 d of age, females were
confirmed to be sexually mature by daily vaginal smears.
They were then mated at either 90 or 170 d of age. The
mating procedure involved placing 1 or 2 vitamin D-
replete females with one vitamin D-deficient or one
vitamin D-replete male. The rats were left together
until the females became pregnant, or for a maximum
period of 10 d. Vaginal smears were taken each morning
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and scored as to the day of the estrous cycle and as to
whether or not sperm was present. A sperm-positive
smear was taken as an indication of a successful mating
and used to establish the first day of pregnancy. Suc
cessfully mated females were moved to individual ma
ternity cages having a solid bottom and carpeted with
wood shavings. Pregnant animals were observed daily
for abortions and at parturition the number of pups/
litter was recorded.

Serum analyses. Blood was obtained by tail bleed
ings of animals prior to mating, and serum samples
were assayed for total calcium and inorganic phospho
rus. Calcium was determined by combining 0.1 ml of
serum with 1.9 ml of 0.1% LaCl3 and measuring the
calcium concentration by atomic absorption spectros-
copy (Model 403, Perkin-Elmer, Norwalk, CT). Serum

concentrations of inorganic phosphorus were deter
mined colorimetrically with 10 \tl of serum by the
method of Itaya and Ui (4).

To confirm that vitamin D-deficient animals were
in fact deficient, random serum samples from males
and females were obtained by exanguination at the end
of the experiment. These samples were analyzed for 25-
hydroxycholecalciferol and 1,25-dihydroxycholecal-
ciferol using established methods (5, 6).

Statistical methods. Data are expressed as the mean
Â±standard deviation of the mean. Statistical signifi
cance was determined by a comparison of proportions
and Student's two-tailed t-test using 95% confidence

intervals.

RESULTS AND DISCUSSION

The concentrations of calcium and phosphorus in the
serum of vitamin D-replete and vitamin D-deficient
animals are given in Table 1. Vitamin D-deficient males
had a significantly lower serum concentration of cal
cium (5.1 mg/100 ml) when compared to vitamin D-
replete males (9.9 mg/100 ml), but serum phosphorus
was unaffected by vitamin D deficiency. Serum from
vitamin D-replete male rats contained (per ml) 9 ng
and 29 pg of 25-hydroxycholecalciferol and 1,25-dihy-

droxycholecalciferol, respectively (Table 2), while serum

TABLE 1

Concentration of calcium and inorganic phosphorus in serum from
vitamin D-replete and vitamin D-deficient male rats prior to

mating1

Calcium Phosphorus

Vitamin D-replete
Vitamin D-deficient

mg/100 ml
9.9 Â±0.5 (9) 8.7 Â±1.5 (7)
5.1 Â±0.5* (8) 8.6 Â±1.9 |7)

'Values are given as the mean Â±SD; n per group is given in pa
rentheses; +P < 0.01 when compared to vitamin D-replete.

TABLE 2

Serum concentrations of 25-hydroxycholecalcilerol
and 1,25-dihydroxycholecalciferol in vitamin D-deficient

and vitamin D-replete rats1

GroupVitamin

Vitamin
VitaminD-replete

males (4)
D-replete females |5|
D-deficient males (4|25-hydroxy

cholecalciferolng/ml

9 Â±2
12 Â±2

O21,25-

dihydroxy
cholecalciferolpg/ml

29 Â±8
54 Â±14
10 Â±4'

'Data are expressed as means Â±SD;n per group is given in paren
theses; ' P < 0.01 when compared to vitamin D-replete males.

2Not detectable, < 5 ng/ml.

from vitamin D-deficient male rats contained (per ml)
nondetectable levels of 25-hydroxycholecalciferol and
10 pg of 1,25-dihydroxycholecalciferol. With respect to
25-hydroxycholecalciferol, these results verify that the
animals fed the vitamin D-deficient diet were vitamin
D deficient. However, because the values obtained were
at the limits of detectability of our 1,25-dihydroxycho

lecalciferol assay (lower limit of detectability is 10 pg/
ml), it is possible that these rats did have minute amounts
of vitamin D. Since vitamin D-deficient males were
housed in the same cages with vitamin D-replete fe
males for up to 10 d while mating, there is the possi
bility of transfer of vitamin D (e.g., coprophagy, groom
ing). However, with 1,25-dihydroxycholecalciferol
concentrations on the order of 10 pg/ml, nondetectable
25-hydroxycholecalciferol concentrations and serum

calcium concentrations on the order of 5.1 mg/100 ml,
it is evident that severe vitamin D deficiency was
achieved.

The overall effect of vitamin D deficiency in male
rats on fertility is summarized in Table 3. There were
no significant differences between animals fed the two
different vitamin D-replete diets or between the two
different age groups; therefore, data from all groups were
combined for analysis and presentation. To quantitate
fertility, two ratios from Halloran and DeLuca (2) were
used. The mating ratio is the total number of females
becoming pregnant (sperm-positive smears) divided by

the total animal days mated (the summation number
of animals times the number of days each female was
exposed to a male). During these studies, the presence
of sperm in the vaginal tract of the female was consid
ered successful insemination. The mating ratio at
tempts to measure the likelihood of a successful mating
and, assuming an estrus cycle of 4-5 d, the theoretical
value should be 0.20-0.25. The observed value in the
vitamin D-replete animals was 0.20, in agreement with
the theoretical value. In the vitamin D-deficient ani
mals, the mating ratio was 0.11, implying that the like
lihood of a successful mating in the vitamin D-defi
cient state is approximately 45% that in the vitamin
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TABLE3

Effect of vitamin D deficiency in male rats on mating and fertility

Vitamin D-replete Vitamin D-deficient

Males/females mated, n
Total animal days mated1

Animals becoming pregnant
(sperm-positive smears], n

Mating ratio2
Fertility ratio3

Pregnant animals giving birth
to normal litters, %

Litter size, x
range

Active males,4 %

40/49
212

42
0.20
0.15

76
12.6
5-17

90

66/85
499

55
O.llb
0.04b

40b

10.4
2-16

73"

'Total animal days = 2animaitimes number of days females were exposed to males.
2Mating ratio = total number of females becoming pregnant divided by total animal days mated.
3Fertility ratio = total number of females becoming pregnant and giving birth to a normal, healthy litter divided by the total animal days.

Total animal days, mating ratio and fertility ratio are used as defined by Halloran and DeLuca |2).
"Percent active males = number of males inseminating females divided by total number of males mated.
'P < 0.05 when compared to vitmin D-replete animals; bP < 0.01 when compared to vitamin D-replete animals.

D-replete state. The reason for this was not apparent,
as an analysis of the daily vaginal smears taken indi
cated that the females were, in fact, cycling in the nor
mal 4-5 d period. However, upon examination of the
mating data, it was observed that the number of males
that actually inseminated females was 73% of the total
number of males mated in the vitamin D-deficient
state, and this was significantly different from the 90%
of males in the vitamin D-replete state that insemi
nated females. These data indicate that fewer males in
the vitamin D-deficient state were capable of produc
ing a sperm-positive smear when compared to males
in the vitamin D-replete state.

The fertility ratio provides a means of measuring suc
cessful fertilization which results in pregnancy. The
fertility ratio is defined as the total number of females
become pregnant and giving birth to a normal, healthy
litter divided by the total animal days. Once sperm is
present in the vaginal tract, reproduction can fail if
fertilization is not successfully executed. This ratio
would equal the mating ratio if every mating resulted
in the delivery of a normal-sized, healthy litter. For
matings from vitamin D-replete males, the fertility
ratio was slightly less than the mating ratio, indicating
that there were a few abnormal pregnancies and deliv
eries. In the matings from vitamin D-deficient males,
the fertility ratio was 0.04. This was substantially less
than the fertility ratio of 0.15 from vitamin D-replete
males and indicates that the likelihood of a vitamin
D-deficient male insemination giving rise to a preg
nancy resulting in a normal, healthy litter was approx
imately 27% of that observed in litters from females
inseminated by vitamin D-replete males. These re
sults indicate that the overall fertility in vitamin D-
replete females inseminated by vitamin D-deficient
males was reduced approximately 73% when compared
to vitamin D-replete females inseminated by vitamin

D-replete males. The reduction in fertility is associ
ated with a reduced probability of insemination and an
increased likelihood of complications during preg
nancy. The percentage of pregnant rats giving birth to
normal, healthy litters in the vitamin D-replete case
was 76%, and in the vitamin D-deficient case, 40%.
Complications encountered during pregnancy and at
parturition which resulted in diminished fertility in
cluded fetal rÃ©sorptionand pseudopregnancy, abor
tions, mothers dying giving birth and mothers giving
birth to dead pups.

It has been shown that vitamin D-deficient female
rats can reproduce (1, 2), but a detailed examination of
vitamin D-deficient female rats has shown that vita
min D deficiency reduces fertility and reproductive ca
pacity. The experiments reported in this study dem
onstrate that vitamin D deficiency in male rats also
reduces fertility and reproductive capacity in vitamin
D-replete female rats. Biochemical studies of rat testes
homogenates (7-10) have provided evidence for spe
cific protein binding of tritiated 1,25-dihydroxychole-
calciferol. Evidence from autoradiographic studies (11)
in adult mice fed a normal diet have indicated that
nuclei of sertoli cells and ductuli efferentes epithelial
cells and, in rats fed a vitamin D-deficient diet, nuclei
of basal epithelial cells of the ductli efferentes and ep
ithelial cells of the tubuli recti of the mediastinum
testis, contain receptors for 1,25-dihydroxycholecalci-
ferol. Preliminary results (Uhland and DeLuca, unpub
lished work) suggest that spermatogenesis fails in vi
tamin D deficiency. It is possible that the supportive
functions of the sertoli cells may be impaired by vi
tamin D deficiency. Only continued research will per
mit intelligent speculation as to the mechanism of ac
tion of vitamin D in the male reproductive system.
However, the results certainly demonstrate the impor
tance of vitamin D for male reproductive activity. The
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specific nature of the effects of vitamin D on the male
reproductive system and the role of vitamin D in re
productive activity will require additional indepth in
vestigation. Nevertheless, the importance of vitamin
D for male reproductive activity cannot be ignored.

In preliminary work, we observed no successful mat-
ings between vitamin D-deficient male and vitamin
D-deficient female rats. This is not unexpected since
deficiency in either reduces reproductive capacity. In
the case of the female, the reduced reproductive func
tions in vitamin D deficiency are not because of hy-
pocalcemia, but are due to a lack of vitamin D or 1,25-
dihydroxycholecalciferol (12). Whether the defect in the
vitamin D-deficient male is the result of hypocalcemia
or vitamin D per se is not known at the present time.
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