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Summary. Two types of dwarf mutants of the mouse were used:
dwarf (dw), and Ames dwarf (df). Dwarf mice are sterile but males
produce living spermatozoa and females undergo oestrous cycles.
Failure to become pregnant or pseudopregnant after mating and lack
of acidophilic cells in the hypophysis suggest lack of luteotrophin (LtH).

A constant supply of LtH was provided by grafting the hypophyses
from normal mice into the renal capsules of dwarfs. Of thirty-eight
female recipients of grafts, eighteen produced living young. All except
three lactated and raised their litters to weaning. Most remained fertile
for several months and produced two to seven litters. It is concluded
that lack of LtH may be the sole cause for sterility of female dwarf mice.
Of seven male dwarf mice that received hypophysial grafts six became
fertile. The role of LtH in promoting male fertility is not clear as dwarf
males become fertile after receiving growth hormone or thyroxine and,
occasionally, without any treatment.

To determine if spermatozoa from untreated dwarf males are able to
fertilize ova, artificial inseminations were performed. From forty-four
normal females inseminated with spermatozoa of dwarfs, six became
pregnant.

INTRODUCTION
Pituitary dwarf mice are sterile although females may mature and mate, and
males produce living spermatozoa (Bartke, 1964a). Production of litters by a
female dwarf mouse bearing hypophysial homografts in the renal capsule
(Bartke, 1964b) indicated that lack of luteotrophin may be responsible for the
sterility. The present investigation was undertaken to determine the influence
of luteotrophin on fertility of dwarf mice.

Two phenotypically similar dwarf mutants of the mouse were used : dwarf,
dw (Snell, 1929) and Ames dwarf, df (Schaible & Gowen, 1961). Both were
on a heterogeneous genetic background. Dwarfmice ofboth types are character¬
ized by a drastic retardation in growth and retention ofjuvenile body propor¬
tions (see Grüneberg, 1952 for review of literature on dw dwarfs). Results from
replacement therapy (Smith & MacDowell, 1930), observations ofdevelopment
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ofendocrine glands in the foetus (Francis, 1944) and reciprocal transplantations
of hypophyses between dwarf and normal littermates (Carsner & Rennels,
1960) indicate that the adenohypophysis is primarily involved and that the
abnormalities of dw dwarfs result from deficiency of hypophysial hormones.
Results from histological studies and replacement therapy suggest a parallel
situation in (^"dwarfs (Bartke, 1964a 1965). Histological, cytochemical and
electron microscope studies (Ortman, 1956; Rennels & McNutt, 1958; Elftman
& Wegelius, 1959; Peterson, 1959; Bartke, 1964a) as well as bioassay (Smith
& MacDowell, 1931) indicate that growth hormone (gh), thyrotrophic
hormone (tsh) and luteotrophin (lîh) are absent or deficient, whereas follicle
stimulating hormone (fsh) and luteinizing hormone (lh) are produced.

In dw dwarfmice the ovaries are undersized but the vaginal orifice sometimes
becomes established (MacDowell, 1931). In female dwarf mice treated with
hypophysial extracts vaginal smears indicate occurrence ofoestrus (MacDowell,
1930) and ovulation may be obtained by injections ofgonadotrophins (Osborn,
1938). Most untreated dw and ^/"females in colonies used in the present study
had an open vagina by the age of 3 to 6 months. Daily administration of 1 unit
gh (Bartke, 1964a) hastened both the time of opening of the vagina and the
onset of cyclical oestrus. Matings were never followed by pregnancy or pseudo¬
pregnancy.

According to Smith & MacDowell (1931) spermatogenesis occurs in dw
dwarf mice. The proportion of living spermatozoa in the ductus deferens of
mature dw and df'mice, ascertained by nigrosin-eosin staining, is equal to that
found in normal sibs (Bartke, 1964a). On the assumption that sterility of dwarf
males is complete it has been the practice to store them with normal females.
However, some dwarf males (less than 20%) have sired litters after reaching a

minimum age of 3 months. In dw dwarf males fertility was obtained by daily
implants of normal hypophyses (Laanes, 1932) or administration of gh and
gonadotrophins (Rouse 8c Osborn, 1949) and in Ames dwarf males by gh
treatment (Schaible & Gowen, 1961). Administration of thyroxine (1 or 3-5 \xg),
gh (0-2 or 1 usp unit), gh+tsh, and GH+thyroxine, daily for 40 days resulted
in fertility of most male dwarf mice. There was no difference in the percentage
of fertile males after different treatments. Growth hormone therapy was, in
this respect, more effective in ¿//"dwarfs than in dw dwarfs ( 2 = 4·07,  <0·05),
while thyroxine had the same effect on the fertility of both kinds of dwarfs.
Fertility was retained for several months after the cessation of treatment. Litter
size was almost the same for litters sired by treated male dwarf mice as for
normal males (Bartke, 1964a, 1965).

FEMALES
MATERIALS AND METHODS

Mice were kept in an air-conditioned room with temperature maintained at
24-5° C and the lights preset to come on at 6 a.m. and go off at 6 p.m. Animals
were fed on Purina Laboratory Chow and given tap water ad libitum.

In order to provide a constant supply of luteotrophin, hypophysial tissue
from normal mice was transplanted into the kidney capsule of dwarf females.
The technique of Everett (1954) was used. For each dwarf recipient two
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normal adult females were used as donors. Full sibs or paternal half-sibs
were used whenever available. Donor animals were killed by cervical dis¬
location; the hypophyses were removed and placed in 0-85% NaCl solution.
The recipient female, under ether anaesthesia, was opened by a dorso-
lateral incision about 10 mm long. Hypophysial tissue was placed under the
renal capsule (usually in three locations) and the incision was closed with
interrupted surgical silk sutures.

Three sets of experiments were performed. In the first experiment the
nineteen female dwarf mice (nine dw and ten df dwarfs) were pretreated with
ovine growth hormone (nih-gh-s5, nih-gh-s6) 1 usp unit/day for 40 days; some
received at the same time 0-2 usp units of bovine thyrotrophin (nih-tsh-b2)
or 10 pg of dl thyroxine/day. Diet of this group of animals was supplemented
by bread soaked in reconstituted dried milk, given daily. There was considerable
growth and the vaginal opening was established. After the pretreatment each
animal was placed with a normal adult male. Vaginal smears were taken daily
between 8 and 9 a.m. After three or more consecutive oestrous cycles, with
plugs, but not followed by pseudopregnancy or pregnancy, hypophysial tissue
was grafted. The surgery was performed during pro-oestrus or on the morning
that the plug was observed. In three cases the second implant was made on

Day 8 or 9 of pregnancy. After grafting, vaginal smears were taken daily.
Following parturition the litter was observed daily to determine the duration
of lactation. In three cases involving large litters, mice in excess of five were
fostered on normal females.

In the second experiment twenty-two female dwarf mice (ten dw and twelve
df), in which the vagina had opened spontaneously, were placed with normal
adult males. The females were checked daily and whenever vaginal plugs were
found during at least four consecutive oestrous cycles, hypophysial grafts were

provided. Litters that were produced following treatment were observed daily
to determine the duration of lactation.

In a third experiment twelve female dwarf mice (six dw and six df) were

given hypophysial tissue grafts. The growth rate was observed for 20 days after
transplantation (Table 7). After this period the females were placed with
normal adult males and observed daily. Vaginal plugs, pregnancies, births and
survival of litters were recorded.

To determine if lactation would persist without the graft, a unilateral
nephrectomy was performed on five lactating dwarf females 4 months after
hypophysial tissue had been grafted to the renal capsule. The mice had each
raised at least one litter and at the time of nephrectomy they were nursing
litters 3 to 6 days of age. An identical operation was performed on three normal
controls that were at the same stage of lactation as the experimental group.

RESULTS

Females that matured sexually after gh treatment maintained a fairly regular
oestrous cycle and mated in every oestrus. Results from grafting hypophysial
tissue are given in Table 1. Pregnancy, parturition and lactation occurred in
both dw and df dwarf females. In three cases a second implant was made after
a week of pregnancy but in the remaining cases gestation was maintained by a
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single graft. Grafts made after finding a vaginal plug seemed to be just as
effective as grafts made before mating. In some cases females came into oestrus
3 to 5 days after grafting, mated and became pregnant. Three df dwarf mice
mated in the post-partum oestrus and delivered litters without any additional
treatment. In one case seven litters were produced in this way, the last arriving
201 days after implantation of hypophysial tissue. Whenever part of the litter
was nursed by a normal foster female the mice grew faster and had a higher
weight at weaning than sibs nursed by the homozygous dwarf mothers.

Table 1

results of grafting hypophysial tissue in females previously treated with
growth hormone

Dwarf (dw) Ames dwarf (df)
No. mice
Age after hormonal therapy (mean and range

in days)
Wt after hormonal therapy (mean and range

in g)
Vaginal opening (mean and range in days

after beginning of hormonal therapy)
Mice receiving grafts
Mice becoming pseudopregnant
Mice with blastocyst implantation
Mice producing living young
Mice lactating

10

100 (75 to 112)
22-0 (17-9 to 27-6)*

20(11 to 38)
8
5
5
2
1

111 (95 to 138)
24-8(21-2 to 28-5)*

One had vaginal opening
Others: 20-6 (11 to 33)

8
6
5
4
3

* Compare to the weight of untreated female dwarf mice given in Table 3.

Table 2
results of grafting hypophysial tissue in females not receiv¬

ing any previous treatment

No. mice
Age (mean and range in days)
Mice cycling (two or more plugs

formed)
Mice receiving grafts
Mice becoming pseudopregnant
Mice becoming pregnant
Mice delivering living young
Mice lactating

Dwarf (dw)
10

298(122 to 425)
6
4
3
2
1
1

Ames dwarf (df)
12

231(106 to 385)
10
6
6
5
4
3

From twenty-two untreated females that were placed with the males after
spontaneous opening of the vagina, all but three mated at least once, (some
died soon afterwards). In only sixteen mice was there evidence of cycling.
Mating never resulted in pregnancy or pseudopregnancy. Results from grafting
are given in Table 2. Some mice did not become pregnant until several weeks
after introduction of the graft.

Of twelve dwarf females that were placed with males 20 days after grafting
hypophysial tissue, one died soon after mating and seven produced and nursed
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litters. Five of the pregnancies were from first matings. No implantation sites
were found at autopsy of the remaining one df and three dw females that had
mated frequently (usually every 4 to 6 days) during the 2-month period. The
data are presented in Table 3. Mice from the second and third experiment
remained fertile for several months. When left with the male they produced
litters from the post-partum mating.

All females that delivered living offspring exhibited normal maternal
behaviour including eating the placenta and cleaning and retrieving the young.
Females that delivered one or two young never lactated more than 2 days,
whereas those with four or more young lactated 3 to 4 weeks and raised their

Table 3
reproduction of females mated 20 days after grafting

hypophysial tissue

Dwarf (dw) Ames dwarf (ài)
No. mice
Age at grafting (mean and range in days)
Wt at grafting (mean and range in g)
Wt at mating (mean and range in g)
Mice producing litters and lactating

195(83 to 371)
13-2(11-4 to 14-7)
15-8(141 to 16-8)

3

152(99 to 213)
12-2(10-2 to 13-8)
15-7(13-1 to 17-0)

4

Table 4
reproduction of female dwarf mice that received hypophysial

grafts (pooled data from three experiments)

Dwarf (dw) Ames dwarf (df )
Females receiving grafts
Females producing living young
Females producing living young

and lactating
No. litters
No. litters/reproducing female
No. litters raised to weaning
Litter size
Litter size from non-dwarf females

18
6(33%)
5(28%)

10
1-67

7(70%)
6-40 ±1-02 \8-40 ±0-26/

20
12(60%)
10(50%)

31
O. tjQ

25(81%)
5-72 ±0-50 \P<9-91 ±0-33 / 0001

litters to weaning. Three litters of three were produced and two of them were
followed by normal lactation. In two cases first litters that were small (one and
two living young, all lost from inanition) were followed by litters of normal
size and these were raised to weaning. Young nursed by females previously
given gh usually grew faster. All young that survived to weaning were smaller
than those in litters produced and raised by normal females, but seemed
healthy and developed into fertile mice. Litter size in ¿//"dwarfs was smaller than
in normal controls. Data on reproduction, lactation, survival of litters and litter
size in all three experiments are given in Table 4.

Four of five nephrectomized dwarf females stopped lactating as evidenced
by the death of their litters from inanition 4 to 7 days after the operation in
three cases and 2 weeks after the operation in one case. They were kept with
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normal males for 6 weeks after the operation and none became pregnant.
Nephrectomized control females continued to lactate and raised their litters to

weaning.
DISCUSSION

In both types of dwarf mouse sexual maturation of females usually occurs

spontaneously but is not complete until 3 to 6 months of age. Administration
of growth hormone results in sexual maturation by 80 to 90 days of age (Table
1). This may indicate that gh is secreted at a very low rate by the hypophysis
of dwarfmice, and that this is the cause of spontaneous maturation. This agrees
with findings of Dawson (1935), who reported that bone growth continues in
dw dwarfs at least until 6 to 8 months of age ; and with the observation (Bartke,
1965) that body weight and tail length in both types ofdwarfs increase gradually
during the 1st year of life.

Hypophyses of dwarf mice secrete fsh and lh, but apparently the target
organs require priming with gh before they can respond. An occasional dwarf
mouse with open vagina but no oestrous cycle can be brought into oestrus by
injecting serum gonadotrophin (pms) and chorionic gonadotrophin (hcg) in
doses commonly used for mice. Female dwarf mice which had closed vaginae
did not come into oestrus even after very high doses of pms and hcg (10 and
20 i.u. respectively for mice weighing less than 10 g) (Bartke, unpublished).
This further suggests that the proper hormonal priming of the target organs
may be necessary for the response to gonadotrophins.

In both types of dwarf LtH seems to be lacking or secreted in amounts too
small for activation of the corpora lutea necessary to ensure implantation of
blastocysts and maintenance of gestation. Hypophysial grafts placed at a site
removed from the hypothalamus secrete predominantly LtH (Everett, 1954;
Sanders & Rennels, 1957; Nikitovitch-Winer & Everett, 1958). (Further
discussion of the hormonal activity of hypophysial grafts will be found in the
next section.) In both dw and df dwarfs bearing hypophysial grafts mating
resulted in pregnancy, delivery and lactation as in normal mice, indicating that
LtH from the graft had activated the corpora lutea and that LtH deficiency may
be the chief or only cause of sterility of female dwarf mice. Some grafts con¬
tinued to function over a period of several months judging from the successive
pregnancies (seven in one case).

Lactation in female dwarf mice with hypophysial grafts indicates normal
secretion of oxytocin and is in agreement with the report of Peterson (1959)
that the neurohypophysis of the dwarf mouse is normal. In hypophysectomized
rats bearing hypophysial grafts in the renal capsule and injected with oxytocin
milk production was only about 12% of normal (Cowie, Tindal & Benson,
1960). In dwarfs bearing hypophysial grafts milk production seemed to be
nearly normal as most litters were raised to weaning. This is probably due to
the presence of normal neurohypophyses in dwarf mice (physiological source
of oxytocin) and possibly some corticotrophin (acth) and gh activity of dwarf
adenohypophysis.

Litters of one or two were lost from inanition, but females that delivered
four or more living young lactated long enough to raise them to weaning. It
may be that an amount of physiologically active grafted tissue sufficient to
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ensure survival of more than two foetuses is necessary to maintain lactation.
Other possibilities are that high titres of foetal and placental hormones, or a

strong nursing stimulus, are necessary for normal lactation. Two cases lend
support to the latter suggestion : a litter of one living and several stillborn mice
was not followed by lactation ; a litter of one with the four dwarfs from the
previous litter still nursing was followed by lactation.

Results from removal of grafts by nephrectomy indicate that lactation is
maintained by the graft. One case out of five in which lactation continued after
nephrectomy might be due to a failure to remove all of the grafted hypophysial
tissue (peritoneum and liver usually adhered to the scars on the kidney).

Reproductive performance of females previously treated with gh and fed
bread and milk in addition to the standard diet was slightly improved. These
females were, on the average, twice as heavy as ones not previously given gh

therapy. This may account for the faster growth of their litters.

MALES
MATERIALS AND METHODS

Mice were kept under the conditions described in the first section.

Artificial inseminations
To determine if spermatozoa produced by untreated male dwarfs are physio¬

logically normal, artificial inseminations were performed. Male dwarf mice of
both types and not under 60 days of age were used. They had been maintained
in cages with normal adult females but did not sire litters. A modification of
the method of Dziuk 8c Runner (1960) was used. Mice were killed by cervical
dislocation and allowed 30 min for cooling. The vasa deferentia and epididy¬
mides were removed and minced in a few drops of 0-85% NaCl at room tem¬
perature. Three or four females were inseminated with spermatozoa from one
male. In six cases spermatozoa from two males (usually littermates) were

pooled and five females inseminated. When pregnancy was obtained from a

pooled spermatozoa sample, only one donor dwarf was credited. Normal adult
females were given 5 i.u. pms followed in about 40 hr by 7-5 i.u. hcg and
inseminated about 10 hr after hcg injection. Only females in pro-oestrus
or oestrus (as judged by vaginal smears) were inseminated. Spermatozoa were

injected through the vagina into the uterus using a blunt 22 gauge needle.
Between 0-05 and 0-1 ml of sperm suspension/female was used. After insemina¬
tion females were placed for 24 hr with vasectomized males (two to three
females/male). All females were killed 10 days after artificial insemination and
examined for presence of foetuses. The control group of thirty-two females was
inseminated with spermatozoa from normal male mice and females were
allowed to produce litters.

Hypophysial grafts
To observe the action of LtH on male dwarf mice hypophysial tissue from

normal mice was grafted. Three dw and four ¿Jamale dwarf mice not younger
than 3 months were given hypophysial tissue. Prior to the operation males had
been stored with normal adult females and none had sired litters. Each received
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hypophyses from two adult normal males. The surgical technique was identical
to that used in the experiments described above. After receiving a graft each
male was placed with two normal adult virgin females. Pregnant females were

isolated and replaced by other females. Growth of males in the experiment
(body weight and tail length) was observed for 20 days (Table 7). The experi¬
ment was terminated 106 days after the grafts were made.

RESULTS
The results from artificial insemination are given in Table 5. Of forty-four
females inseminated with spermatozoa from untreated dwarf males, six became
pregnant. Of thirty-two females inseminated with spermatozoa ofnormal males
in the control experiment, six delivered litters. The difference between the two
groups is not significant ( 2 = 0-364).

The data on fertility of male dwarf mice given hypophysial grafts are given
in Table 6. Males that became fertile continued to sire litters up to 3 months
after the operation.

Table 5

results from artificial inseminations using sperm from dwarf
MALES

Dwarf (dw) Ames dwarf (ài)
No. males used
Age (mean and range in days)
No. successful sperm donors
No. females inseminated
No. females pregnant
No. implantations (mean and range)

146(94 to 244)
3

18
3

5(2 to 8)

10
204(91 to 364)

2
26

3
1-7(1 to 2)

DISCUSSION
Results from artificial inseminations together with the previous histological
studies (Bartke, 1964a) indicate that dwarf males produce normal spermatozoa.
Infertility is likely to be due to failure to mate caused by incomplete develop¬
ment of the copulatory system, a low sex drive, or both.

Of seven dwarf males given hypophysial grafts six became fertile. Since they
remained fertile for as long as 3 months, hormones that were present in the
donor hypophyses at the time of grafting cannot account for the results.
Hypophyses placed in the kidney capsule produce predominantly LtH (see
below for references and more detailed discussion). Thus it appears that LtH

may promote male fertility in dwarf mice. Injections of purified LtH are

reported to have some effect on testicular weight and spermatogenesis in dw
dwarfs (Cavaliere, Martinazzi, Baroni & Magrini, 1963), and on accessory
reproductive glands in male rats (review in Price & Williams-Ashman, 1961).

The present results indicate an influence of hypophysial grafts on reproduc¬
tion of dwarf mice. Strong luteotrophic activity of hypophysial tissue grafted
to a site removed from the median eminence accompanied by decrease in fsh,
lh, acth, TSH and gh activity is known to occur (Everett, 1954; Sanders &
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Rennels, 1957; Nikitovitch-Winer & Everett, 1958). On the other hand Hertz
(1959) found in hypophysectomized rats given four hypophyses into the renal
capsule significant gh, tsh and gonadotrophic activity of the grafts. Dwarf mice
produce fsh and lh in amounts sufficient to induce ovulation or spermato¬
genesis. Injections of tsh had no significant effect on fertility (Bartke, 1965).
It therefore seems unnecessary, in the present study, to consider the possible
role of fsh, lh and tsh activity of the grafts. Body weight and tail length of
dwarfs given hypophysial grafts was increased (Table 7). This indicates
somatotrophic activity of grafts which may have had some influence on fertility.

Table 6
fertility of male dwarf mice given hypophysial grafts

No. males used
Age (mean and range in days)
Wt (mean and range in g)
No. males fertile
Time between operating the male

and arrival of litters (days)
Calculated time of matings (days

postoperative)
Litter size
Litter size from non-dwarf sires

Dwarf (dw)

134(92 to 167)
13-4(13-2 to 13-5)

3

22 to 97

3 to 78
8-61 ±0-61 \8-40 ±0-26 f NS·

Ames dwarf (df)

165(113 to 228)
13-2(11-4 to 15-8)

3

33 to 106

14 to 87
800 ±1-80
9-91 ±0-33 > N.Í

Table 7
growth effect of hypophysial grafts (20 days postoperative)

Mutant

dw

df

No. mice

9

10

Age (days)

173

158

Increase of body weight (%)
Mice with

grafts
20-2 ±4-1

24-2 ±5-9

Control*

4-8

6-8

Increase of tail length (%)
Mice with

grafts
10-4 ±1-6

10-7 ±1-0

Control*

4-1

4-8

* Control values estimated from regression lines of weight and tail length on age based on 100 dw
and 124 df dwarf mice.

Implantation of blastocysts and gestation are directly attributable to luteo¬
trophin. Cowie (1957), and Cowie et al. (1960) reported the same milk produc¬
tion in hypophysectomized rats (given injections of oxytocin) after treatment
with purified LtH as after placing hypophyses in the renal capsule. These results
suggest that of the hormones secreted by hypophysial grafts, only LtH has a

significant role in maintaining lactation.
Secretion of gh by grafts may aid in promoting male fertility but in all

likelihood cannot fully account for it. Whereas grafts had only a small influence
on growth (Table 7) compared to a two- to three-fold increase of weight in mice
injected with 0-2 or 1 usp unit GH/day over a 40-day period, the percentage of
males that became fertile was the same in both groups ( 2 = 0-003). Also, some

males with grafts sired litters as early as 3 to 5 days after the operation and it
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would seem unlikely that somatotrophic activity of the graft could produce such
a rapid response.

The data do not indicate significant differences between dwarf mice {dw) and
Ames dwarf mice {df) in reproductive potential.

There seems to be little doubt that deficiency of luteotrophin is a cause of the
sterility of dw and df females since reproduction does not occur in the absence
of exogeneous LtH. Fertility of dwarf males might be obtained by gh and
thyroxine treatments and untreated males sometimes reproduce, but luteo¬
trophin seems to enhance fertility.
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ADDENDUM

After this paper was accepted for publication, data confirming the effect of pituitary homografts on

fertility of male dwarfmice were obtained.
Sixty-nine dw and dfdwarf males 42 to 133 days old (mean age 78-3 days) were mated, each to two

non-dwarf adult virgin females. After 1 month males which impregnated females were excluded from
the experiment, half of the remaining males received hypophysial grafts (technique as before), while
the remainder served as controls. Matings were checked twice weekly for births for 3 months after
grafting. If a litter was born less than 20 days after grafting, the male from that mating was excluded
from the experiment. Out of sixty-nine dwarf males, thirty-six sired litters during the first month
after mating. Among eleven dfdwarfmales that received grafts, ten sired litters as compared with only
four fertile males out of ten controls (P<0-02). In dw dwarfs no effect was observed: six ofseven grafted
animals and four of five controls sired litters. Differences in mean age of males between any two groups
were not significant. The unusually high proportion of spontaneously fertile dwarfmales in this experi¬
ment most probably resulted from selection for genetic background favouring male fertility.
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