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Summary. After removal of the eyes or exposure to cold (6\s=deg\C) female
golden hamsters had smaller uteri than controls. If animals were both
blinded and cold-exposed the effects on the reproductive organs were

additive. Removal of the pineal gland prevented uterine regression in

light-deprived hamsters but did not delay or prevent the regressive
response in cold-exposed animals. Although the ovaries of cold-exposed
animals did not change in size, they displayed marked interstitial hyper-
trophy and had fewer follicular elements and corpora lutea. It is

suggested that blinding and cold-exposure each induce a similar hormonal
imbalance.

INTRODUCTION

Although in normal laboratory conditions the golden hamster is a poly-
oestrous animal (Kent, 1967), it probably hibernates and breeds seasonally in
its natural habitat (Lyman, 1948; Eisentraut, 1952; Lyman & Chatfield, 1955).
Two possible inducers of these seasonal variations are environmental lighting
and ambient temperature (Hafez, 1964). However, studies designed to deter¬
mine the importance of photoperiod and temperature on influencing reproduc¬
tion are few. The size and metabolic activity of the reproductive organs of
adult albino rats and mice are relatively insensitive to darkness (Browman,
1937; Hoffmann, 1967) or cold (Hale, Mefferd, Vowter, Foerster & Criscuolo,
1959; Baillie, 1961 ; Ewing, Brant & Ebner, 1967), but this does not apply to the

golden hamster. Lack of light, either in the form of short daily photoperiods or

blinding, causes marked gonadal atrophy in both sexes (Hoffman & Reiter,
1965a; Reiter, Hoffman & Hester, 1966b). Hoffman, Hester & Towns (1965)
reported gonadal involution in cold-exposed hamsters, but only males were

studied.
The photosensitivity of the hamster gonad is mediated through the sympa¬

thetic nervous system (Reiter & Hester, 1966; Reiter, 1967a) and the pineal
gland (Hoffman & Reiter, 1965a; Reitev et al., 1966b). The following report
deals with the action of the photoperiod and temperature, either alone or in

combination, on the structure of the reproductive organs in female hamsters,
and with the pineal gland as a possible mediator of these effects.
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MATERIALS AND METHODS

Groups of adult female hamsters (Mesocricetus auratus), weighing 75 to 90 g,
had either one (unilateral optic enucleation) or both (bilateral optic enuclea-

tion) eyes removed, were either pinealectomized or sham pinealectomized, and
were kept either in cold (6+1° C) or warm (22+1° C) temperature-controlled
rooms. Three or four animals were kept in each cage and the light/dark cycles
in both rooms were maintained at 16 hr of light and 8 hr of darkness per 24-hr
period. The methods used for pinealectomy (Hoffman & Reiter, 1965b) and

eye removal (Reiter & Hester, 1966) have been described previously. Four

groups of animals were studied at each temperature: (1) unilaterally enu¬

cleated, sham pinealectomized; (2) unilaterally enucleated, pinealectomized;
(3) bilaterally enucleated, sham pinealectomized; and (4) bilaterally enucleated,
pinealectomized animals. Half of each group from each room were killed 25

days after the beginning of the experiment, and the remainder were killed after
50 days exposure to the various regimens. One hundred and fifty-five hamsters
were used for the investigation.
At death, the skull ofeach animal was opened and the area under the superior

sagittal sinus was inspected either for pineal remnants or infection. The body
weights as well as the weights of the ovaries and uteri were recorded. The organs
were fixed in either Bouin's fluid or 10% neutral formalin. After routine

processing, 8 µ-thick tissue sections were stained by the Movat (1955) technique
or with haematoxylin and eosin.

RESULTS

The body weights of animals killed after either 25 or 50 days of treatment

(Tables 1 and 2) were similar for all groups. Mean ovarian weights were not

altered either by low temperature, blinding or pinealectomy.
Uteri of25-day blinded animals (Table 1) with intact pineals and maintained

at 22° C (Group 3) were smaller than those ofsimilarly treated pinealectomized
controls (Group 4). The ability of pineal removal to counteract the gonadal
effects ofblinding was expected (Reiter et al., 1966b). Pinealectomy ofunilateral
enucleated, warm-exposed hamsters did not alter uterine size (Group 2).
When blinded animals were kept in the cold the uteri averaged 139 mg/100 g

body weight (Group 7) ; this is significantly less than the mean uterine weight of
blinded, cold-exposed, pinealectomized animals (Group 8). However, the uteri
of the latter were also significantly smaller than those of similarly treated
animals kept in the warm room (Group 4). Hence, blinding and cold exposure
independently caused changes in the pituitary-gonad axis of female hamsters,
as reflected by uterine weights. The effects of light deprivation and low tempera¬
ture were additive, but only one type of regression (that due to blinding) was

prevented by removal of the pineal gland.
Although ovarian sizes were unchanged, the gonads of blinded and cold-

exposed animals were modified : there was a marked proliferation of the inter¬
stitial tissue, with a concomitant decrease in the number and size of the follicles.
The most pronounced changes were seen in the ovaries of blinded, non-

pinealectomized, cold-exposed hamsters (Group 7).
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PLATE 1

Fig. 1. Uteri from animals killed after 50 days of treatment. From left to right: a uterus

from a unilaterally enucleated hamster kept at 22° C, from a blinded warm-exposed
hamster, from a blinded pinealectomized hamster maintained at 22° C, from a blinded

cold-exposed hamster, and from a blinded cold-exposed pinealectomized hamster.

Fig. 2. An ovary from a blinded hamster, showing a marked reduction in the number of
follicles and corpora lutea. There has been a still more obvious increase in the amount

of interstitial tissue. Owing to the small number of follicular elements and corpora lutea,
which frequently bulge from the surface, the borders of these ovaries are relatively smooth
(compare with PI. 2, Figs. 5 and 6).
Fig. 3. An ovary from a blinded, cold-exposed, pinealectomized hamster. The structure

of the ovaries of these animals resembles that of blinded or blinded cold-exposed animals.

(Facing p. 218)
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PLATE 2

Fig. 4. Ovary from a non-pinealectomized hamster that was both blinded and cold-
exposed. Again, there is a hypertrophie interstitium and reduction in the number of
follicular elements.

Fig. 5. An ovary of a blinded pinealectomized hamster. Ovaries from these animals were

indistinguishable from those of unilaterally enucleated warm-exposed hamsters. They
contained pre-antral and vesicular follicles and corpora lutea.

Fig. 6. Detailed structure ofan ovary from a unilaterally enucleated hamster kept at 22° C.
Ovaries of these animals resembled those of normal animals.

(Facing p. 219)
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As at 25 days, the uteri exhibited the only gross changes after 50 days of
treatment (PI. 1, Fig. 1 and Table 2). Uteri ofblinded animals kept at 22° C were

markedly reduced in size (Group 3), a response that was prevented totally by
pinealectomy (Group 4). The mean uterine weights of all cold-exposed animals

(Groups 5 to 8) were lower than those ofunilaterally enucleated, warm-exposed
animals (Groups 1 and 2) and of blinded, pinealectomized animals kept at 22° C
(Group 4). Uteri rarely regress below about 90 mg/100 g body weight (Reiter,
Hoffman & Hester, 1966a) ; it is therefore assumed that the size of the uteri of
animals of Groups 3 and 7 represents maximum atrophy for these conditions.
The uteri of cold-exposed, blinded, pinealectomized hamsters were not sig¬
nificantly heavier than those of blinded, cold-exposed animals with pineal
glands (Groups 7).

Table 1

interaction of the photoperiod and temperature in the

regulation of the reproductive systems of female hamsters

killed after 25 days of treatment

Group and treatment

1. Unilateral enucleation;
sham pinealectomy; 22° C

2. Unilateral enucleation;
pinealectomy; 22° C

3. Bilateral enucleation;
sham pinealectomy; 22° C

4. Bilateral enucleation;
pinealectomy; 22° C

5. Unilateral enucleation;
sham pinealectomy; 6° C

6. Unilateral enucleation;
pinealectomy; 6° C

7. Bilateral enucleation;
sham pinealectomy; 6° C

8. Bilateral enucleation;
pinealectomy; 6° C

L.S.D.*

No. of
animals

9

9

8

10

10

Body
weight
(g)

98 ±10

101 + 5

100±3

96±4

109 + 6

105±4

99±4

102 + 3

15

Mean organ weights
(mg1100 g body weight)

Ovaries

22-5+1-8

20-1 ±1-2

23-6±l-l

22-3+1-5

23-0 + 2-1

24-6 ±1-2

24-7 + 3-3

24-5 + 2-1

5-2

Uterus

290 + 25

311+26

212 ±38

286 ±22

259 ±22

258±25

139 + 24

212+19

73

* Least significant difference : the value by which any two means in a column must

differ to be significantly different at the 95% level of probability.

Although ovarian sizes were unchanged after 50 days of treatment, there was

a marked histological transformation of these organs. The ovaries of both
blinded (Group 3) and cold-exposed (Groups 5 to 8) hamsters exhibited inter¬
stitial hypertrophy and fewer follicles (PI. 1, Figs. 2, 3 and PI. 2, Fig. 4).
Vesicular follicles and corpora lutea were rare. In fact, the similarity of
the histological structure of the ovaries of cold-exposed animals (Groups 5
to 8) and of blinded hamsters housed at 22° C (Group 3) gave the impression
that there was a similar hormonal disequilibrium in all animals. The gonads
of the other hamsters (Groups 1, 2 and 4) appeared normal (PI. 2, Figs. 5
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and 6). The structure of the regressed uteri for the most part was unremarkable,
but the height of the secretory epithelium and the number of endometrial

glands were judged to be lower than in normal organs, although no measure¬

ments were made.

Table 2

interaction of the photoperiod and temperature in the regula¬

tion of the reproductive systems of female hamsters killed after

50 days of treatment

Group and treatment No. of
animals

Mean organ weights
Body (mgj 100 g body weight)
weight
(g) Ovaries Uterus

1. Unilateral enucleation;
sham pinealectomy; 22° C

2. Unilateral enucleation;
pinealectomy; 22° C

3. Bilateral enucleation;
sham pinealectomy; 22° C

4. Bilateral enucleation;
pinealectomy; 22° C

5. Unilateral enucleation;
sham pinealectomy; 6° C

6. Unilateral enucleation;
pinealectomy; 6° C

7. Bilateral enucleation;
sham pinealectomy; 6° C

8. Bilateral enucleation;
pinealectomy; 6° C

12

15

9

8

12

8

13

115 + 9

124+ 11

115 + 8

105±9

109 ±5

129±8

127+ 12

105 + 9

20-9 ±1-6

19-3±0-9

19-0 + 2-2

22-2± 1-6

21-7 + 2-3

19-9 ±1-6

21-3+ 1-7

21*7+1-7

281 ±25

276±19

90±8

281 ±29

168 + 27

178±29

96+11

138 + 9

L.S.D.* 26 5-1 65

* Least significant difference : the value by
differ to be significantly different at the 95%

which any two means in a column must

level of probability.

DISCUSSION

It has been stated that hibernation is incompatible with an active reproductive
system (Kayser, 1957; Hoffman, 1964). In support of this conclusion Foster,
Foster & Meyer (1939) reported that the tendency of the thirteen-lined ground
squirrel to hibernate is inversely related to genital activity. Evidently, involuted,
or at least modified, reproductive organs are needed for successful entrance into
hibernation. The experiments of Hoffman et al. (1965) on male hamsters and
those reported here on females show that both light-deprivation and cold-

exposure, either alone or in combination, can cause gonadal regression and that,
when hamsters are exposed to both, the effects on the gonads are additive. This
latter finding also agrees with the observations of Hoffman et al. (1965) on

male hamsters.
The structure of the atrophie ovaries from both cold-exposed and blinded

hamsters was similar. The most important features of the involuted gonads were
the reduction in the number of antral follicles and corpora lutea and the hyper¬
trophy of the interstitium. The structural character of the altered organs
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suggests that a similar hormonal imbalance existed in animals under both con¬

ditions. This, however, does not imply that the mechanisms of gonadal involu¬
tion were the same in both cases. In fact, it is quite obvious that they were

different since removal of the pineal gland prevented gonadal regression in
blinded hamsters whereas it had no effect on these processes in cold-exposed
animals. The absence of a change in ovarian sizes in blinded and cold-exposed
hamsters despite a profound decline in uterine weights emphasizes the point
which Reiter et al. (1966a) made earlier that, in the hamster, ovarian weights
are a poor indicator of the secretory activity of the organ.
The mechanisms whereby light-deprivation or cold-exposure alters gonad

function remain unknown. The atrophie reproductive organs of blinded female
hamsters respond to the exogenous administration offollicle-stimulating hormone
(fsh) and luteinizing hormone (lh) (Reiter, 1967b). It has been suggested that
the pineal gland, activated by the absence of light, alters the central control
of either the synthesis or release of pituitary gonadotrophins (Reiter & Hester,
1966). Perhaps both blinding and low environmental temperature influence

reproduction bymodifying the neuroendocrine axis rather than by a direct effect
on the action of the hormones on the target organs.
Homeothermic poly-oestrous animals such as the rat and mouse exhibit

moderate changes in their reproductive cycles when exposed to cold. Rats

exposed to cold and provided with 12 hr of illumination per 24-hr period
exhibit prolonged pro-oestrous and oestrous phases of the vaginal cycle (Denison
& Zarrow, 1955). Since mice reproduce when kept at subzero temperatures
(
—

3° C) the reproductive organs do not regress under conditions of low en¬

vironmental temperature (Barnett, 1956; Barnett & Manly, 1959) ; in both these
studies the lights were on 12 hr/day. Golden hamsters kept in a room at 7-5° C,
with 12 hr of light/day, often have anoestrous vaginal smears (Grindeland &

Folk, 1962). Some of these animals had normal 4-day vaginal cycles after
removal from the cold. Although vaginal smears were not taken, the animals
with atrophie ovaries and uteri were probably in an anoestrous state. The

profound effects of low temperature and blinding on the reproductive physiology
of the heterothermic golden hamster, which are in contrast to their effects on

non-hibernators such as rats and mice, may be related to the ability to

hibernate.
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