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Effects of photoperiod and gonadectomy on food intake, 
body weight, and body composition in Siberian hamsters 

GEORGE N. WADE AND TIMOTHY J. BARTNESS 
Ilivision of Neuroscience and Behavior, Department of Psychology, University of Massachusetts, 
Amherst, Massachusetts 01003 

WADE, GEORGE N., AND TIMOTHY J. BARTNESS. Effects of 
photoperiod and gonadectomy on food intake, body weight, and 
bode! composition in Siberian hamsters. Am. J. Physiol. 246 
(R&ulatory Integrative Comp. Physiol. 15): R26-R30, 1984.- 
Two experiments examined the effects of gonadectomy, pho- 
toperiod, and melatonin treatment on food intake, body weight, 
and carcass composition in male and female Siberian hamsters 
Whodopus sur2~(orus su~~orus). Gonadectomy caused small de- 
creases in body weight in both sexes but did not affect flood 
intake. In males the weight reduct,ion was due to small (nonsig- 
nif’icant) decreases in all carcass components. Ovariectomy 
caused a significant reduction in carcass lipid but did not affect 
lean body mass. A short photoperiod (8 h light, 16 h dark, LD 
8:G) caused significant weight losses in all animals except, 
ovariectomized f’emales. Daily melatonin injections (12.5 pg SC, 
X h before lights-out) also reduced body weight, in males and 
females housed in a long photoperiod (LD 16:s). The photope- 
riod- and melatonin-induced weight losses were almost ent.irely 
due t,o decreases in carcass lipid; lean bodv mass was unaffected 
bv either treatment. Although short phoioperiods and melato- -I 
nin t,reat,ments decreased food intake, these changes were pre- 
ceded by a significant loss of body weight. Thus photoperiod- 
induced changes in food intake may be a consequence of the 
changes in body weight, rather than vice versa. These findings 
indicate that photoperiod and melatonin have important effects 
on adipose tissue mass in both Siberian and Syrian hamsters, 
even t,hough one species gains weight (Syrian) and the other 
loses weight (Siberian) in short, photoperiods. 

melatonin; adipose tissue; obesity 

period-induced body weight changes in Syrian hamsters 
(12; Bartness and Wade, unpublished reskarch). 

On the other hand, Siberian hamsters (Phodopus sun- 
gorus sungorus) lose weight when housed in short pho- 
toperiods (9, 13, 15). This photoperiodic response is 
mimicked by implantat)ion of subcutaneous melatonin 
pellets and is prevented by pinealectomy (15). Short 
photoperiod-induced weight losses are seen in other ro- 
dents and may be a means of reducing winter energy 
requirements (i3, 9). However, relatively litt.le is known 
about these changes in body weight. For example, are 
they accomplished in the absence of changes in food 
consumption, as in Syrian hamsters (22; Bartness and 
Wade, unpublished research), or are they due to de- 
creased caloric intake as in meadow voles (3, 4)? Are the 
body weight changes due mainly to changes in body lipid 
as in Syrian hamsters (22; Bartness and Wade, unpub- 
lished research), or are they due to decreases in all 
carcass constituent,s as in meadow voles (4)? 

The f’ollowing experiments examine the effects of pho- 
toperiod and melatonin treatment on food intake, body 
weight, and body composition in male and female Sibe- 
rian hamsters. We also investigated the effects of go- 
nadectomy on these measures. Fluctuations in circulat- 
ing gonadal hormone levels influence body weight and 
composition in a number of mammalian species and may 
modulate responses to photoperiod (6, 14, 21, 24; Bart- 
ness and Wade, unpublished research). 

SEVEHAL WECIES OF SMALL MAMMALS exhibit seasonal 
changes in body weight and enerm metabolism (e.g., 2, 
4, 13, 16, 19; Bartness and Wade, unpublished research). 
Photoperiod is the principal environmental cue that in- 
duces these fluct,uat.ions, and the pineal gland and its 
hormone, melatonin, seem to play a role in mediating 
these and other seasonal metabolic and endocrine re- 
sponses (4, 13, Ifi, 16; Bartness and Wade, unpublished 
research). For example, Syrian hamsters (Mesocricetus 
auratus) gain weight when housed in short (winter) pho- 
toperiods, and most of’this weight gain is due t,o increased 
carcass lipid (2, 22; Bartness and Wade, unpublished 
research). Decreased energy expenditure, not increased 
food intake, is responsible for short photoperiod-induced 
weight gains in Syrian hamsters (22; Bartness and Wade, 
unpublished research). Although daily melat,onin injec- 
tions mimic all these actions of short photoperiods, pin- 
eal-independent mechanisms also contribute to photo- 

MATERIALS AND METHODS 

Animals and housing. Siberian hamsters (P. surqorus 
sungorus) derived from breeding stock provided by Dr. 
Bruce Goldman were housed in wire-bottom (6-mm 
mesh) hanging cages. Purina rodent chow (5001,3,4 kcal/ 
g) and tap water were available ad libitum, and room 
temperature was maintained at 22 $- 1°C. A 16-h light-8 
h-dark cycle (LD 16:8, lights-on at 0100) was maintained 
unless noted otherwise. 

Measurements. Food intake (spillage and pouching 
account.ed for) and body weight were measured to the 
nearest 0.1 g once a week. At the end of each experiment 
animals were killed with an overdose of pentobarbital 
sodium. In the first experiment, testes, uteri, and inter- 
scapular brown adipose tissue were dissected and 
weighed to the nearest, milligram. In the second experi- 
ment, brown adipose tissue was dissected, weighed, and 
homogenized in dist,illed water. The homogenate was 

R26 OX%C;119/84 !$1.50 Copyright CC’ I984 the American Physiological Society 
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washed with ethanol, and brown adipose tissue protein 
and deoxyribonucleic acid (DNA) content were assayed 
by the methods of Lowry et al. (18) and Burton (I), 
respectively. 

In both experiments terminal carcass composition was 
determined by a modification (7) of the method of Lesh- 
ner et al. (17). Shaved, eviscerated hamsters were dried 
to a constant weight at 75°C. The dehydrated carcass 
was finely ground in a blender. Lipid was extracted from 
a homogeneous sample (-0.5 g) with petroleum ether. 

StaWical analyses. Data were analyzed with t tests 
and analyses of variance and were considered statistically 
significant if p C 0.05. 

Procedures. In the first experiment 36 female and 36 
male hamsters (3 mo of age) were divided into two groups 
(n = 18/group) matched for base-line food intake and 
body weight. Half of the animals of each sex were go- 
nadectomized under methoxyflurane (Metofane) anes- 
thesia. Food intake and body weight were measured for 
II) wk. At that t,ime, half of the animals in each group (n 
= 9) were switched to a short photoperiod (LD 8:16, 
lights-on at 0500). Food intake and body weight mea- 

R27 

had no effect on food intake. 
Photoperiod, Short photoperiods caused significant de- 

creases in food intake (P < 0.05) and body weight (P < 
0.01) in both intact and castrated male hamsters (Fig. 
1). Food intake did not start to decrease until ulh 4, 
whereas significant decreases in body weight were seen 
by ~4 2 (P < 0.05) (Fig. 1). Terminal carcass analyses 
indicat,ed that. the short photoperiod-induced weight loss 
was due almost entirely to a decrease in carcass lipid (P 
< 0.01) in both intact and castrated hamsters (Fig. 2). 
Castration caused small decreases in all carcass compo- 
nents, none of which approached statistical significance. 

Short. photoperiods decreased food intake (P < 0.05) 
and body weight (P < 0.01) in intact, but not ovariecto- 
mized, hamsters (Fig. 3). A s with the males, the decrease 
in body weight preceded the decrease in food intake in 
the intact females (Fig. 3). The short photoperiod-in- 
duced decrease in body weight in intact females was due 
to a significant reduction in carcass lipid (P < 0.01) (Fig. 
4). Ovariectomy caused a significant reduction in carcass 
lipid (1’ c O.Ol), but not in other components (Fig. 4). 

Photoperiod did not af’fect carcass composition in ovar- 
surements continued for another 12 wk. 

In the second experiment 20 female and 20 male ham- 
sters (4 mo of age) were divided into two groups (n = lO/ 3 
group) matched for base-line food intake and body E 
weight. One group of hamsters was given daily injections 2 

of 12.5 pg melatonin 3 h before lights-off, and the other 
3 
m lo- 

group received 0.05 ml 5% ethanol-saline (0.9%) vehicle. 2 
Injections were given for 8 wk. z 

5 

RESULTS 

Gonadectomy. Gonadectomy of male and female Sibe- FIG. 2. Carcass composition of’ intact and castrated male Siberian 

rian hamsters& caused small decreases in body weight, 
hamsters housed in long (LD 16%) and short (ID 8:16) photoperiods 
fix 12 wk. 

which were not statistically significant. Gonadectomy 

I 1 I 1 I I 1 
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FIG. I. Food intake and body wt of’ intact and castrated male FIG 3. Food intake and body wt of’ intact and ovariectomized female 
Siberian hamsters housed in long (LD l6:8) and short (LD 8:16) Siberian hamsters housed in long (LD 16%) and short (LD 8:16) 
photoperiods. Arrow, start of short photoperiods. phot operiods. A rmw , start of’ short photoperiods. 
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FIG. 4. Carcass composition of intact and ovariectomized female 
Siberian hamsters housed in long (LD 16:8) and short (LD 8:16) 
photoperiods for 12 wk. 

TABLE 1. Effects of photoperiod on IBAT weight 
irz intact and gonadectomiaed male and female 
Siberian hamsters 

LD 16:8 LD 8:16 

w 
w/g 

mg 
w/g 

body wt body wt 
----. .-.. --. ------~ 
Int,act males 229 + 10 6.05 ,t 0.23 198 & 8 5.90 k 0.28 
Gonadectomized 219 & 12 6.13 & 0.28 176 k 10 5.83 k 0.35 

males 
Intact females 210 A 14 6.23 k 0,32 168 k 7 6.03 k 0.25 
Conadectomized 175t 7 5.98 t 0.18 181 t 11 6.09 + - 0.37 

females 

Values are means k SE. IBAT, interscapular brown adipose tissue. 

iectomized hamsters. 
Short photoperiods significantly decreased inter- 

scapular brown adipose tissue wet weight in all groups 
except the ovariectomized females (P c 0.05) (Table 1). 
When expressed relative to body weight there was no 
effect of photoperiod on interscapular brown adipose 
tissue (Table 1). 

Melatonin injections. Afternoon injections of melato- 
nin caused an immediate drop in body weight and a 
delayed (by 1 wk) decrease in food intake in both male 
and female hamsters (Fig. 5). Body weight dropped for 4 
wk and then increased gradually, parallel with the vehi- 
cle-treated hamsters. Food intake remained suppressed 
throughout the 8-wk treatment period (Fig. 5). As with 
short photoperiods, the melatonin-induced weight loss 
was largely due to a decrease in carcass lipid in both 
sexes (P < 0.01) (Fig. 6). Melatonin treatment also 
caused a small decrease in carcass water in males. 

Melatonin injections, like short photoperiods, de- 
creased absolute, but not relative, interscapular brown 
adipose tissue weight (P c 0.05) (Table 2). Testis and 
uterine weights were decreased in melatonin-treated 
hamsters (P c 0.05), whether expressed as absolute 
weight or relative to body weight (Table 2). 

DISCUSSION 

These experiments replicate the finding that short 
photoperiods or melatonin treatments decrease body 
weight in male and female Siberian hamsters (9, 13, 15). 
These weight losses were almost entirely due to changes 
in carcass lipid. Neither photoperiod nor melatonin 
treatment had any effect on lean body mass. In this 
respect, Siberian hamsters are similar to Syrian ham- 
sters. Although Syrian hamsters gain weight when 

WEEKS 

1 1 I 1 
0 2 4 6 8 

WEEKS 

FIG. 5. Food intake and body wt of male and female Siberian 
hamsters treated with melatonin (12.5 pg/day SC, 3 h before lights-out) 
or with 5% ethanol-saline (0.9%) vehicle. All animals were housed in 
long photoperiod (LD 16:8). Arrow, start of melatonin injections. 

Male Female Male Fede 

FIG. 6. Carcass composition of male and female Siberian hamsters 
treated with melatonin (12.5 pg/day SC, 3 h before lights-out) or 5% 
ethanol-saline (0.9%) vehicle for 8 wk, 

TABLE 2. Effects of melatonin on IBAT, testes, 
and uteri in Siberian hamsters 

Males Females 

Saline Melatonin Saline Melatonin 

IBATwet wt 

w 
mg/g body wt 

IRAT protein, 

ccglpad 
IBAT DNA, 

G/Pad 
Testis wet wt 

w 
mg/g body wt 

Uterus wet wt 

w 
mg/g body wt 

243t21 185tlO 197k20 153-+12 
6.0920.39 5.79kO.24 5.97k0.54 5.32t0.34 
408&26 355*17 327k21 271t20 

8.50t0.53 7.45t0.69 7,61 kO.60 7.08kO.53 

413k15 37t8 
10.51kO.52 1.12kO.20 

136216 87k6 
4.43N.26 3.10k0.22 

Values are means * SE; n = 10 hamsters/group. IBAT, interscapular 
brown adipose tissue; DNA, deoxyribonucleic acid. 
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housed in short photoperiods or when treated with mel- 
atonin, these body weight fluctuations are due to changes 
in carcass lipid, not lean body mass (22; Bartness and 
Wade, unpublished research). These dramatic changes 
in carcass lipid content contrast with findings in meadow 
voles, another small roden t that loses weight in short 
photoperiods (3-5, 1 6). In meadow voles, pho toperiod- 
or melatonin-induced weight losses are due to propor- 
tional decreases in all carcass components, not just lipid 
(4) 

However achieved, these weight losses induced by 
short photoperiods appear to reduce winter energy re- 
quirements in both meadow voles and Siberian hamsters 
(3, 9). Although they lose significant amounts of body 
fat, short-photoperiod-housed Siberian hamsters are well 
insulated and have excellent cold resistance (1 0) , due at 
least in part to changes in pelage (9). Note, h owever, 
that even short-photoperiod-housed Siberian hamsters 
are approximately 25% lipid, compared with lo-15% 
lipid in meadow voles or Syrian hamsters at their mini- 
mum body weights (4, 22; Bartness and Wade; unpub- 
lished research). In addition, much of this remaining 
lipid is probably in subcutaneous deposits. When the 
short-photoperiod-housed hamsters were eviscerated for 
carcass analyses, 
inal fat. Also con 

they had almost 
sistent with the 

no observable abdom- 
possibility that photo- 

period selectively affects abdominal fat are the findings 
that w *hereas sho rt-photoperiod-housed Siberian ham- 
sters exhibit a 35-40% decrease in total carcass lipid 
(this paper), gonadal fat pad weight is reduced by nearly 
70% (23). 

When the ham sters were pl aced in short photoperiods 
or injected with melatonin, the body we ight changes 
preceded the decreases in food intake. Similarly, when 
short-photoperiod-adapted Siberian hamsters were 
placed in long photoperiods the body weight gains began 
before food intake increased (23). These findings suggest 
that the photoperiod-induced changes in food intake are 
a conseque snce of the changes in body weight, rather than 
vice versa. Syrian h amsters al so show photoperiod-in- 
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