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Abstract. Four experiments in Syrian hamsters examined the role and possible inter- 
action of photoperiod, gonadal steroids, and the pineal on circulating levels of insulin- 
like growth factor-1 (IGF-1). In the first experiment, female hamsters were exposed to 
long photoperiod (LP; 14:lO LD) or short photoperiod (SP; 8:16 LD); an additional 
group of SP-exposed females was pinealectomized (PX). SP induced a significant 
depression in IGF-1 concentrations which PX partially prevented. In Experiment 2, two 
groups (control and castrate [CX]) of adult male hamsters were kept in LP, and three 
groups (intact, CX, and CX + PX) of hamsters were kept in SP for five weeks. The four 
groups of animals that were CX and/or maintained in SP had approximately the same 
mean level of IGF-1, and all four groups were significantly (P < 0.001) higher than the 
LP-control hamsters. In Experiment 3, four groups (intact controls, CX, CX + melato- 
nin pellet [MEL PEL], and MEL PEL only) were kept in LP. Melatonin pellets (1 mg 
melatonin/24 mg beeswax/every two weeks) were implanted sc twice during the ex- 
periment. Castration induced a rise (P < 0.001) in IGF-1 levels, and this was not 
prevented by MEL PEL. In Experiment 4, testosterone and dihydrotestosterone pellets 
implanted in LP-exposed CX males prevented the CX-induced rise in IGF-1; testoster- 
one implants also reduced IGF-1 levels in CX males treated with progesterone. In 
conclusion, SP treatment depresses IGF-1 in female hamsters and raises it in males. 
These results substantiate previous studies in other models of gonadal steroid defi- 
cient animals. They lend further credence to the hypothesis that there is a sexual 
dimorphism in circulating IGF-1 concentrations in the Syrian hamster that may be at 
least partially related to the presence of gonadal steroids. [P.S.E.B.M. 1994, Vol2051 

irculating levels of insulin-like growth factor-1 
(IGF-1) are derived mainly from the liver but C other extrahepatic tissues including the gonad 

(1-4) may produce very small amounts. Besides 

' To whom requests for reprints should be addressed at Department of Cel- 
lular and Structural Biology, University of Texas Health Science Center, 7703 
Floyd Curl Drive, San Antonio, TX 78284. 

Received September 15, 1993. [P.S.E.B.M. 1994, Vol 2051 
Accepted December 16, 1993. 

0037-9727/94/2054-0327$10.50/0 
Copyright 0 1994 by the Society for Experimental Biology and Medicine 

growth hormone (GH), some hormonal factors which 
may modulate IGF-1 production and release include 
thyroid and sex hormones and melatonin, a pineal hor- 
mone (1-8). 

Daily afternoon injections of melatonin induce a 
sexually dimorphic response in the Syrian hamster by 
depressing IGF- 1 and GH concentrations in female 
Syrian hamsters (6-8) and raising these hormones in 
males (8-10). Similarly, light deprivation depressed 
plasma GH in female hamsters (8), and raised pituitary 
GH (7) and serum IGF-1 (8) in males at certain times of 
the day (7). The effects of exposure to short photope- 
riod (SP) on circulating IGF-1 concentrations in the 
female hamster is unknown and one of the aims of the 
present study. 
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Besides the effects on GH mentioned above, the 
best documented sequelae of exposure to SP include 
its suppression of the neuroendocrine-gonadal axis in 
male hamsters leading to non-functional gonads and 
castration-like levels of testosterone; either pinealec- 
tomy or implants of a continuous releasing melatonin 
pellet prevents the gonadal response to SP (1 1). We 
hypothesized that if SP raised IGF-1 through its de- 
pression of gonadal steroids, then castration (CX) 
would act like SP in male hamsters and induce a rise in 
IGF-1 concentrations which could be prevented by re- 
placement treatment with androgens. Further, we ex- 
amined the alternate proposition that SP might be act- 
ing through mechanisms other than suppression of sex 
steroids and, thus, might act synergistically with CX in 
raising IGF- 1 levels. Finally, we examined the propo- 
sitions that pinealectomy or continuous melatonin 
treatment might prevent some of the effects of SP or 
CX on circulating titers of IGF-1. 

Materials and Methods 
Young adult animals were purchased from Charles 

River Canada (St. Constant, Quebec; Experiments 
1-3) or from Sasco (Omaha, NE; Experiment 4). An- 
imals were maintained in a windowless vivarium in 
Edmonton, Canada (Experiments 1-3) or in San An- 
tonio, TX (Experiment 4), and provided with a con- 
stant temperature 22" t 2°C and either a long (LP; 
14:lO LD; lights on 06:OO hr) or short (SP; 8:16 LD; 
lights on 08:OO hr) photoperiod according to the exper- 
imental design. All animals received food and water ad 
libitum. 

All surgeries (castration, pinealectomy , implants) 
were performed using rompun (10 mg/kg)-ketamine 
(100 mg/kg) ip anesthesia (Experiments 1-3) or rodent 
cocktail (a mixture of ketamine, acepromazine, 
rompun and NaCl; 1 c d l . 5  kg; Experiment 4) prepared 
by the veterinarian of the laboratory animal facility. 
Serum was collected, separated, and stored until ra- 
dioimmunoassay for IGF- 1. 

Melatonin, testosterone, dihydrotestosterone, and 
progesterone were purchased from Sigma Chemical 
Co. (St. Louis, MO). Beeswax pellets containing 1 mg 
melatonin, 4 mg testosterone or 4 mg dihydrotestoster- 
one were implanted sc according to the experimental 
design. Progesterone (50 mg/0.25 cc) was injected sc 
daily. 

Experiment 1. Female hamsters (n = 23) were 
divided into 3 groups (n = 7-8/group) and exposed to 
LP or SP for eight weeks. An additional group of SP- 
exposed animals was PX. Animals were killed be- 
tween 1O:OO and 13:15 h. 

Experiment 2. Male hamsters (n = 40) were di- 
vided into groups which were exposed to LP or SP. 
After five days exposure to SP, some SP-exposed an- 
imals were further subdivided into groups and PX and/ 

or CX. All animals were killed between 09:0O-12:00 hr 
five weeks later. 

Experiment 3. Male hamsters (n = 32) were CX 
or left intact. These intact or CX hamsters were then 
divided into groups and implanted with a sc blank 
beeswax pellet or a MEL PEL (1 mg MEL/24 mg bees- 
wax/every two weeks) for four weeks. 

Experiment 4. Male hamsters (n = 48) were CX 
or left intact and received a daily sc 0.25 ml injection of 
corn oil or 50 mg progesterone for 10 days. Some 
groups of CX hamsters concurrently received a blank 
beeswax pellet or a pellet that contained 4 mg testos- 
terone or 4 mg dihydrotestosterone. All animals were 
killed between 13:00-15:00 hr. 

IGF-1 Assay. All samples were analyzed for 
IGF-1 by radioimmunoassay (Nichols Institute Diag- 
nostics, San Juan Capistrano, CA). Before assay, the 
samples were extracted by acid-ethanol precipitation 
(87.5% ethanol/l2.5% 2 N HCI). Following incuba- 
tion, the tubes were centrifuged at 4°C for 30 min, the 
supernatant removed and neutralized by adding 0.855 
M Tris-base, and the tubes centrifuged again. The re- 
sulting supernatant was diluted with phosphate buffer 
(pH 7.5) and used in the radioimmunoassay according 
to the protocol supplied by the vendor. 

Statistics. Where appropriate, results were ana- 
lyzed by a one-way or a two-way analysis of variance 
followed by a Student-Newman-Keuls test for com- 
parison of multiple means. 

Results 

Female Syrian hamsters exposed to SP had signif- 
icantly (P < 0.05) lower circulating titers of IGF-1 than 
the LP-exposed hamsters (Fig. 1). PX tended to re- 
verse the effects of SP by partially restoring IGF-1 
titers to control levels (Fig. 1). The gonadal response 
to SP and its prevention by PX is well documented. 
The SP-exposed animals in this experiment had small 
atrophic uteri and suppressed prolactin levels indica- 
tive of an adequate time of exposure to SP; PX pre- 
vented the effects of SP on the uteri and prolactin 
levels (data not shown). 

In Experiment 2, SP and/or CX induced a signifi- 
cant (P < 0.001) rise in circulating concentrations of 
IGF-1 compared to the LP controls (Fig. 2). There 
were no significant differences between SP and CX in 
the IGF-1 levels attained and no effect of PX in pre- 
venting the rise caused by SP + CX (Fig. 2). Other 
hormonal markers were measured to assure that the 
animals had been exposed sufficiently long to SP (thy- 
roxine, testosterone) and CX (luteinizing hormone) 
treatment (data not shown). 

In Experiment 3, two-way analysis of variance 
showed that CX caused a significant (P < 0.001) rise in 
circulating IGF-1 concentrations (P < 0.001) and both 
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Figure 3. Young adult male Syrian hamsters were kept in long 
photoperiod (LP; 14:lO LD) for four weeks. Animals were divided 
into four groups which were either left intact (INT), castrated 
(CX) and/or received a sc blank beeswax pellet or a melatonin 
pellet (MEL) containing 1 mg melatonin/24 mg beeswadevery 
two weeks. ***P < 0.001 vs LP controls and LP + MEL pellets. 
Two-way ANOVA showed a significant effect of CX (P < 0.001), 
no effect of MEL PEL and no significant interaction between 
surgical treatment and MEL PEL treatment. 

Figure 1. Young adult female Syrian hamsters were exposed to 
long (LP; 14:lO LD) or short (SP; 8:16 LD) photoperiod for eight 
weeks. One group of SP-treated hamsters was pinealectomized 
(PX) at the time of SP exposure. * P  < 0.05 vs LP control females. 

CX and CX + MEL PEL groups had significantly (P 
< 0.001) higher IGF-1 levels compared with the intact 
controls (Fig. 3). No significant effect of MEL PEL 
was observed and no significant interaction term be- 
tween presence or absence of MEL PEL and gonadal 
status was observed. 

In Experiment 4, CX caused a significant (P < 
0.01) rise in circulating IGF-1 concentrations com- 
pared with intact controls. This CX-induced rise was 
blocked by sc implants of testosterone (P < 0.025) or 

dihydrotestosterone (P < 0.01). In progesterone 
treated hamsters, CX did not induce a rise in IGF-1, 
but implants containing testosterone significantly (P < 
0.05) suppressed IGF-1 levels compared with the CX 
group. The values of IGF-1 obtained in this experi- 
ment are lower than those observed in the two other 
experiments involving males. Since different strains 
were involved we are not sure if this effect is due to 
strain, age, or some other variable. 

Discussion 
Experimental treatments which diminish gonadal 

steroid production in the Syrian hamster (e.g., after- 
noon melatonin injections, castration) affect serum 
concentrations of IGF- 1 and suggest a modulatory role 
of steroids on GH and IGF-1 production in this spe- 
cies. Generally, female hamsters have higher IGF- 1 
concentrations than males and reduction of gonadal 
steroids tend to reduce IGF-1 levels in females and 
raise it in males (6-8). 

SP treatment is another method by which gonadal 
steroids are reduced in female hamsters, since the ova- 
ries become enlarged but acyclic while the uterus is 
small and atrophic. Pinealectomy generally restores 
ovarian and vaginal cyclicity by preventing most of the 
actions of SP on the gonad- and thyroid-neuroen- 
docrine axis. Thus, the fall in IGF- 1 concentrations 
induced by SP and its tendency to be reversed by PX 
in the present experiment are consistent with the no- 
tion that PX maintains ovarian cyclicity. One would 

*** 
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Figure 2. Male Syrian hamsters were maintained in either long 
(LP; 14:lO LD) or short (SP; 8:16 LD) photoperiod. Some animals 
in each lighting condition were castrated (CX) and an additional 
group of SP + CX hamsters was pinealectomized (PX). ***P < 
0.001 vs LP control males. 
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predict that injections of female hormones would also 
restore IGF-1 levels in the female hamster that was 
castrated, given afternoon melatonin injections, or ex- 
posed to SP. Although this has not yet been done in 
the hamster, experiments involving gonadally defi- 
cient primates have shown that injections of estrogens 
in CX female baboons (12) or hypogonadal girls with 
Turner’s syndrome (13) cause a significant rise in 
IGF- 1 levels. 

GH is a well-known mediator of IGF-1 production 
and secretion. The fall in plasma GH concentrations 
previously noted in SP-treated females (8) and the re- 
duction in pituitary GH content in females totally de- 
prived of sight (14) are consistent with the depression 
in IGF-1 seen in SP-treated females in the present ex- 
periment. Although the exact interplay of all factors 
which control IGF-1 secretion in the hamster is not 
known, previous evidence (6-8) suggests that GH 
plays a major role in maintaining circulating titers of 
IGF-1 in this species. 

In the present set of three experiments involving 
male Syrian hamsters, castration of 1.5-,4- or 5-weeks 
duration induced a significant rise in IGF-1 levels 
which was blocked by androgen pellets. However, 
Meijers and coworkers (15) did not see any change in 
IGF-1 circulating titers in male hamsters that had been 
orchiectomized for 16 weeks. There are several rea- 
sons which may explain the differences between their 
results (15) and our set of experiments. Firstly, the 
effects of castration on IGF- 1 levels may diminish over 
time (five weeks vs. 16 weeks). Secondly, there may 
be subtle differences in the amount of IGF-1 detected 
by the biological-radioreceptor assay (15) and the ra- 
dioimmunoassay although the normal values detected 
by Meijers et al. (15) are equal to those in Figure 4 but 
somewhat lower than those in Figures 2 and 3. 
Thirdly, and probably the most important, is that 
Meijers et al. (15) maintained their hamsters under a 
photoperiod (12 hr light: 12 hr dark; Woutersen, per- 
sonal communication) which led to regressed gonads 
(1.0221 t 0.206 g) and presumably low testosterone 
values. This is a critical issue since the Syrian hamster 
maintains its gonads in a functional state (normal 
weight 3 4  g) only if the photoperiod consists of more 
than 12.5 hr light. Testicular degeneration occurs four 
to 12 weeks after exposure to a light phase of 12.5 hr or 
less per 24 hr. Thus, the “intact control hamsters” of 
Meijers (15) were really exposed to SP for 16 weeks 
and their “castrate” hamsters were really SP-castrated 
animals. If that is the case, then the two groups of 
hamsters in the experiment by Meijers et al. (15) are 
equivalent to two groups of hamsters (SP and SP + 
CX) in Experiment 2. Based on this, our two experi- 
ments are in agreement since we also did not observe 
any differences between the group exposed only to SP 
and the SP x CX group. 
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Figure4. Top panel shows circulating IGF-1 levels in intact (INT) 
and castrated (CX) male hamsters implanted with pellets con- 
taining 4 mg testosterone (T) or dihydrotestosterone (DHT) for 
10 days. Bottom panel shows the same groups as in the top 
panel except that all animals have been treated daily with pro- 
gesterone. a, P < 0.01 vs CON and CX + DHT; b, P < 0.02 vs. 
CX + T. 

The observations that continuous MEL treatment 
did not prevent the rise in IGF-1 in CX hamsters or 
that PX could not prevent the rise in IGF-1 in SP + 
CX male hamsters suggests that the gender-related 
changes in IGF-1 may be dependent almost exclu- 
sively on the presence or absence of gonadal steroids 
and pineal involvement is strictly limited to its role in 
regulating gonadal steroid status (melatonin injections 
or SP-treatment being paradigms to produce gonadal- 
deficient animals). Another possibility is that castra- 



tion and SP-treatment are not equivalent models (even 
though gonadal steroids are depressed to nondetect- 
able levels in both instances) and that castration in- 
duces some permanent changes which cannot be over- 
come by continuous MEL availability or PX. 
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