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Effect of Melatonin Administration and Long 
Day-Length on Endocrine Cycles in the 

Hedgehog zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAErinaceus europaeus 

Paul A. Fowler and Paul A. Racey 

Department of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAZoology, University of Aberdeen, Aberdeen, United Kingdom 

The effects of exogenous melatonin (subcutaneous implants containing 0.03 1 ?0.006 
mugm body mass melatonin) or long photoperiod (18L6D) on wild-caught adult 
male hedgehogs were studied. Hedgehogs were implanted with melatonin-filled or 
empty capsules in May, August, or September, or maintained under long photoperiod 
from August. Blood samples collected at monthly intervals were assayed for testoster- 
one, melatonin, and thyroxin. Melatonin-filled capsules elevated plasma melatonin 
concentrations for 4-6 months. Although melatonin administration in May depressed 
plasma testosterone levels, testicular reactivation was advanced by 1 month the 
following year, and the characteristic prehibernal gain in body mass was abolished. 
Melatonin administration in August had no effect on plasma testosterone concentra- 
tions but reduced body mass fluctuations before and during hibernation. Hedgehogs 
receiving melatonin in September recovered early from hibernal body mass loss and 
showed a 2 month advance in testicular reactivation the following year. Maintaining 
hedgehogs at 18L:bD photoperiod, however, elevated plasma melatonin concentra- 
tions. Testicular reactivation the following spring was delayed by zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 month, ended 3 
months early, and testosterone concentrations were depressed. All treatments 
depressed plasma thyroxin levels. These results suggest that elevated melatonin levels 
during winter are important in the regulation of endogenous endocrine cycles in the 
hedgehog. Hedgehogs do not respond positively to melatonin at the end of the 
breeding season, but are again responsive to melatonin as early as September. 
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INTRODUCTION 

In the European hedgehog, Erinaceus europaeus, the duration of the 
breeding and hibernal seasons vary with latitude. Hibernation is longer and the 
breeding season shorter at 64"N, with only one litter each summer zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA[ Kristoffers- 
son and Soivio, 1964; Walin et al., 1968; Saure, 19691, compared to hedgehogs 
at 46"N, where females usually bear two litters each summer [Girod et al., 1967; 
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Saboureau, 1979; Saboureau et al., 19791. Studies carried out in NE Scotland, at 
57"N, [Fowler and Racey, 1987; Fowler, 1988a,b] on the interrelationships 
between reproduction and hibernation allow further latitudinal comparisons of 
seasonality in this species. 

Melatonin injections during the summer are antigonadotrophic in the male 
hedgehog [Saboureau, 1973; Pevet and Saboureau, 19741, resulting in the 
development of reticular structures characteristic of hedgehog pinealocytes 
during autumnal reproductive involution. Saboureau zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA[ 1981 ] found that hedge- 
hogs exposed to long days and high ambient temperatures during autumn did 
not alter the characteristic pattern of sexual reactivation, while hedgehogs 
exposed to short days and low ambient temperature during the summer 
underwent premature testicular involution. Saboureau [ 198 1 ] concluded that 
hedgehogs have free-running endogenous cycles which are entrained by 
photoperiod and ambient temperature, except in late summer and autumn when 
these long day breeders are photorefractory. Sexual involution in the hedgehog 
during late summer may be necessary for hibernation to occur [Dutourne and 
Saboureau, 19831, since the administration of testosterone in late autumn 
abolishes hibernation [Saboureau et al., 19841. Testosterone and LH cycles are 
closely correlated in the hedgehog [el Omari et al., 19891. Fowler [ 1988bI also 
found evidence for entrainment by photoperiod and ambient temperature of 
endocrine and body mass cycles. During autumn plasma melatonin concentra- 
tions are least variable at midday in the hedgehog [Fowler, 19861. Melatonin is 
of particular interest since it is not only involved in the modulation of the 
photoperiodic regulation of reproduction in many species [Reiter, 1983, 19851, 
but also implicated in prehibernal preparations of hibernators such as Richard- 
son's ground squirrel, Citellus richardsonii [ Glass and Wang, 19791. 

The aim of the present study was to investigate the effects of exogenous 
melatonin and long day photoperiod on seasonal cycles of body mass, testoster- 
one, melatonin, and thyroxin in the European hedgehog. 

MATERIALS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAND METHODS 
Animals and Experimental Design 

Wild hedgehogs captured in N.E. Scotland, at 57"N, were housed in 
outdoor pens containing nest-boxes. Dead day-old chicks, cat food, dog meal, 
and water, were provided ad libitum. Disturbance was minimal, and the animals 
were exposed to natural environmental conditions of photoperiod, ambient 
temperature, and precipitation. The hedgehogs were weighed three times each 
month. 

Since the hedgehogs were wild-caught, daily melatonin injections were 
considered stressful, and subcutaneous implants of melatonin were therefore 
used. Adult male hedgehogs of comparable body mass were divided into 
melatonin-implanted and sham-implanted groups, each consisting of four ani- 
mals of similar body mass housed together. Implantation was carried out in May 
(middle of breeding season), in August, or in September (pre-hibernal and early 
hibernal periods). Results were compared to data from non-experimental 
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hedgehogs [Fowler, 1988bl. Twenty-five millimeter lengths of silastic tubing 
[Dow Corning Ltd, Reading, UK; release rate of 200 mm long silastic capsules zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= 
101 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 1.6 pg melatonidday in golden hamsters: Turek et al., 19751 were either 
filled with 23.920.2 mg of crystalline melatonin (N-acety-5-methoxy- 
tryptamine, Sigma Chemical Company Ltd, Poole, UK; melatonin implants), or 
left empty (sham implants), and sealed with medical grade elastomer (Dow 
Corning Ltd, Reading, UK). The melatonin dosage was 0.03120.006 mg/gm 
body mass. Following general anaesthesia with 5% halothane (Fluothane, ICI 
Plc, Macclesfield, UK)/02, the capsules were implanted subcutaneously and the 
incisions sutured. Post-operative treatment involved topical treatment with 
antibiotic spray (Terramycin, Pfizer Ltd, Sandwich, UK) and 0.5 ml injections of 
broad spectrum antibiotic (Streptopen, Glaxovet Ltd, Harefield, UK). zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASix male 
hedgehogs were housed, from August until the following September, in a pen 
receiving supplemental lighting from two 1.5 m fluorescent strip lights provid- 
ing 50-200 lux of illumination. The lights came on at zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA04.00 h GMT and off at 
22.00 h GMT, giving 18L:bD (LD). This provided these nocturnal animals with 
the equivalent of peak summer photoperiod at 57"N 

Blood Sampling and Hormone Assays 

Blood was collected at monthly intervals from euthermic hedgehogs (at 
least 4 h after arousal from hibernation during winter), at 1200-1300 h GMT. 
Hedgehogs were anaesthetised with fluothane, 4.5 ml blood collected by 
cardiac puncture and mixed into heparinised tubes. Blood was centrifuged and 
the plasma stored at - 25°C in 1 ml aliquots within 1 h of collection. Plasma 
testosterone [Fowler and Racey, 19871 and melatonin [Fowler, 1988b] were 
assayed using previously described double-antibody radioimmunoassays. 
Plasma thyroxin was measured using a single-antibody radioimmunoassay 
[Fowler, 1988bl. The intra- and inter-assay coefficients of variation were 
testosterone, 10.8% and 13.4% ; melatonin, 7.3% and 8.5% ; thyroxin; 6.8% and 
12.3%, respectively. 

statistics 

Differences between hormone concentrations were tested by one-way 
analysis of variance [Zar, 1984; ANOVA] or two-way analysis of variance 
(two-way ANOVA) with repeated measures and interaction. The relationships 
between hormone and environmental cycles were tested by correlation coeffi- 
cients, r, [Snedecor and Cochran, 19801. Mean values are quoted as 2 standard 
error of the mean unless stated otherwise. 

RESULTS 
Body Mass and Survival 

Melatonin-implants in May resulted in lighter body mass than sham- 
implanted individuals for 6 months (two-way ANOVA, P<0.05), due to a lack of 
prehibernal body mass gain (Fig. IA). Hedgehogs given melatonin during 
August did not show hibernal weight loss (Fig. lB), losing less weight than 
sham-implanted hedgehogs (two-way ANOVA, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAP<O.OO 1 ). Melatonin administra- 
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Fig. 1. Monthly changes in body mass of male hedgehogs either implanted withmelatonin-filled zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
( 0 )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAor empty zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( 0 )  silastic capsules in A) May, B) August, and C) September, or D) maintained under 
continuous 18L:bD photoperiod from August (M). Monthly differences by ANOVA: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA*P<0.05; zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
"*P<0.01; *"P<0.001. 

tion in September resulted in no significant (two-way ANOVA, P>0.05) 
difference between the body mass of melatonin-administered or sham animals, 
although the former showed an early, unsustained recovery from hibernal body 
mass loss (Fig. 1C). Males in the LD regime (Fig. 1D) were lighter than 
non-experimental males throughout the study (two-way ANOVA, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAP < O . O O l ) ,  but 
showed a similar pattern of changes in body mass. The lack of weight loss in 
melatonin-implanted hedgehogs during much of the hibernal period indicates 
that these individuals must have been more active, and leaving the nest boxes to 
eat more often than sham-implanted males. In all pens there were winter days 
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when no food was eaten, and all melatonin-implanted animals were observed to 
be torpid at some stage during winter. 

Melatonin administration in May and September and LD conditions re- 
sulted in 2-6 months longer survival compared to nonexperimental animals 
(ANOVA, P<0.05-0.001). However, melatonin administration in August re- 
sulted in survival one month shorter than non-experimental males (ANOVA, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
P X . 0 5 ) .  Each experiment was terminated when group numbers fell below 
three, and there were no deaths in the LD group until the last 2 months of the 
study. 

Testosterone 

In May the administration of melatonin led to depressed plasma testoster- 
one concentration (ANOVA, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAP<0.0 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA) in summer (Fig. 2A) and the spring rise in 
testosterone levels was advanced by 1 month (ANOVA, P<0.05). However, the 
pattern of testosterone concentrations after mid-winter were similar in melato- 
nin- and sham-implanted animals (two-way ANOVA, P<0.05). In hedgehogs 
implanted in August the testosterone levels in autumn and the first half of winter 
remained typically basal (Fig. 2B), and the rise in testosterone in spring was 
similar in melatonin and sham-implanted hedgehogs (r, P<0.01 ). Melatonin 
adminstration in September significantly (ANOVA, P<0.05) advanced the spring 
rise in plasma testosterone by 2 months (Fig. 2C). There was no autumnal 
difference in testosterone concentrations between LD (Fig. 2D) and non- 
experimental hedgehogs, but the spring rise in testosterone was delayed by 1 
month, peak levels were lower, and testosterone concentrations returned to 
basal levels 3 months early (two-way ANOVA, P<0.001). 

Melatonin 

In all three melatonin implanation experiments (Fig. 3) hedgehogs showed 
a significant elevation of circulating levels of melatonin, for 5 (May), 4 (August), 
and 6 (September) months (two-way ANOVA, P<0.01-0.001). Melatonin- 
implanted hedgehogs showed different patterns of circulating melatonin con- 
centrations to sham hedgehogs (two-way ANOVA, P<0.0 1 ). However, sham- 
implanted males did show some differences from non-experimental males, 
particularly in the case of the 2,000 pg/ml rise in melatonin concentrations in 
sham-implanted hedgehogs of the May experiment (Fig. 3A). Continuous 
exposure of LD hedgehogs to peak photoperiod from August resulted in 
significantly elevated melatonin concentrations (Fig. 3D) which differed from 
events in non-experimental hedgehogs (two-way ANOVA, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAP<0.00 1 ). 

Thyroxin 

In all experimental groups plasma thyroxin concentrations were signifi- 
cantly (ANOVA, P<0.01) depressed during the summer months compared to 
non-experimental hedgehogs. The patterns of plasma thyroxin concentrations 
differed from those of non-experimental hedgehogs (Fig. 4) in individuals 
implanted with melatonin in September and May (r, P>0.05), but not in the 
other melatonin- or sham-implanted or LD hedgehogs (r, P<0.05-0.01). 
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Fig. 2. Monthly changes in plasma testosterone concentrations of male hedgehogs either 
implanted with melatonin-filled ( 0 )  or empty zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( 0 )  silastic capsules in A) May, B) August, and C) 
September, or D) maintained under continuous 18L:bD photoperiod from August (W). Monthly 
differences by ANOVA: *P<0.05; * *P<O.Ol ;  **'P<0.001. 

Environmental and Hormonal Interactions 

Melatonin-implanted male hedgehogs in the present study showed a 
considerable reduction in the extent to which hormonal and body mass cycles 
correlated with either photoperiod, or the rate of change of photoperiod, and 
ambient temperature compared to sham-implanted hedgehogs. Exposure to 
continuous peak photoperiod altered the circannual melatonin cycle signifi- 
cantly, resulting in no correlation with photoperiod or ambient temperature (r, 
P>0.05). However, the correlation of body mass, testosterone, and thyroxin 
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Fig. 3. Monthly changes in plasma melatonin concentrations of male hedgehogs either implanted 
with melatonin-filled ( 0 )  or empty (0) silastic capsules in A) May, B) August, and C) September, 
or D) maintained under continuous 18L:GD photoperiod from August ( W). Monthly differences by 
ANOVA: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA*P<O.05; * *P<O.Ol ;  ***P<O.OO 1. 

to photoperiod and ambient temperature remained similar to those of non- 
experimental males. 

DISCUSSION 

The inhibition of testosterone secretion by exogenous melatonin in the 
present study supports previous observations that melatonin is antigo- 
nadotrophic during the breeding season [Saboureau, 19731. The lack of effect of 
melatonin administration in August on plasma testosterone the following spring 
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Fig. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4. Monthly changes in plasma thyroxin concentrations of male hedgehogs either implanted 
with melatonin-filled (*) or empty ( 0 )  silastic capsules in A) May, B) August, and C) September, 
or D) maintained under continuous 18L6D photoperiod from August (W). Monthly differences by 
ANOVA: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA*P<O.O5; "P<O.Ol; ***P<O.OOl. 

also supports the suggestion by Saboureau [ 19811 that hedgehogs are photore- 
fractory at the end of the breeding season. Hedgehogs are again responsive to 
melatonin by mid-September since melatonin administration at this time 
advanced testicular reactivation the following spring. Results obtained by 
Saboureau [ 19811 and Fowler [ 1988b] indicate that male hedgehogs respond 
strongly to increasing daylength after midwinter. 

In non-experimental hedgehogs [Fowler, 1988b], plasma melatonin was 
elevated between November and February at photoperiods shorter than 
10L:14D, which were suggested by Fowler [ 1988131 as important in regulating 
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their endogenous cycles. The characteristic February/March peak in plasma 
testosterone concentrations occurs while melatonin levels are falling. Therefore 
the advance in spring testicular reactivation in hedgehogs receiving melatonin 
implants in September and May could be due either to longer duration of 
elevated melatonin titres or to higher melatonin concentrations. However, this 
does not explain why melatonin administration in August did not advance 
testicular reactivation the following year. Reproductive refractoriness to inhib- 
itory or stimulatory photoperiods may be due to alterations in circadian 
melatonin cycles in species such as the ram [Almeida and Lincoln, 19841 
although changes in responsiveness to melatonin in other animals, including the 
ewe [Malpaux et al., 19881 and hamster [Bittman, 19781, may account for 
photorefractoriness. How the constant melatonin signal is read by melatonin- 
implanted hedgehogs is important, particularly in view of the seasonal changes 
in daytime plasma melatonin levels in this species [Fowler, 1988bI. The close 
correlation between plasma testosterone and rate of change of photoperiod in 
non-experimental hedgehogs [Fowler, 1988b], in all months except July, may be 
relevant to differences in sexual reactivation in males implanted in May or 
September compared to those implanted in August. Although hedgehogs 
transferred to short photoperiod at the end of summer do not show a change in 
the timing of sexual reactivation [Saboureau, 1981 1, the present study suggests 
that such a transfer during May or September would have an effect. This suggests 
that sensitivity to the melatonin signal in August is different from that in May and 
September. Therefore, the resulting advance in testicular reactivation the 
following year in the latter two cases may be a result of altering responsiveness 
to the winter signal of elevated plasma melatonin concentrations. 

Occassional differences between sham-implanted and non-experimental 
hedgehogs, particularly the sudden July peak of plasma melatonin in hedgehogs 
sham-implanted during May, may be due to an olfactory effect since melatonin- 
and sham-implanted hedgehogs shared pens and nest boxes. Another possibility 
is that melatonin-implanted hedgehogs, which were more active, disrupted the 
hibernation of sham-implanted animals sharing the same pens. Nevertheless, 
sham-implanted animals remained more similar to non-experimental individuals 
than the melatonin-implanted hedgehogs, indicating that treatment effects alone 
were minor. The continuation of an approximate pattern of melatonin concen- 
trations in LD hedgehogs has three possible explanations: the expression of a 
true circannual clock, the expression of an interval timer, or ambient temper- 
ature acting as a zeitgeber, as occurs in some other hibernators [Mrosovsky, 
19771. This is underlined by the close correlation between body mass cycles of 
non-experimental and LD hedgehogs, but the determination of an appropriate 
mechanism remains problematical. It is noteworthy that pinealectomised rams 
continue to show appropriate endocrine cycles, probably entrained by ambient 
temperature, nutrition, or social factors [Lincoln et al., 19891. 

Photoperiodically entrained body mass cycles [Davis and Finnie, 1975; 
Hoffman, 1983; Phillips and Jameson, 19801 in hibernators, important because 
of hibernal dependence upon fat reserves, may also be important for sexual 
reactivation, as in Bush rats, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBARattus fuscipes and laboratory mice [Blank and 
Desjardins, 1984; Irby et al., 19841. This is demonstrated by the sham-implanted 
iedgehogs in the August group: greater than non-experimental weight-loss 
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during hibernation coincides with slightly delayed testicular' reactivation in 
spring. All three melatonin treatments reduced variability in body mass 
compared to non-experimental and sham-implanted animals, but the August 
melatonin-implanted group also showed reduced survival. This is surprising 
since hedgehogs implanted in May, which did not show characteristic prehiber- 
nal weight gain, would be expected to experience higher hibernal mortality. It 
may be that elevated food intake during the first half of hibernation, required for 
the August melatonin-implanted hedgehogs to gain weight at this time, was 
associated with higher metabolic rates and thus increased hibernal and post- 
hibernal mortality. Such perturbations of hibernation following melatonin 
administration have been seen in other species, such as ground squirrels [Lynch 
et al., 1978; Phillips and Harlow, 19821. All groups showed reduced plasma 
thyroxin titres compared to non-experimental hedgehogs. In the hamster 
melatonin increases pituitary sensivity to thyroxin feedback [Vriend, 1983, 
1984, 19851, as may also be the case in hedgehogs, but this would not explain 
the differences in body mass cycles of melatonin-implanted compared to 
sham-implanted, LD, and non-experimental hedgehogs. It may be that the latter 
are more responsive to changes in ambient temperature. The present study 
supports suggestions that photoperiod, the November to February period of 
elevated melatonin, ambient temperature, and hibernal body condition are 
important in the regulation of seasonality in the hedgehog [Fowler, 1988b3. 
Furthermore, there are marked changes in the response of this species to either 
photoperiod or melatonin signal processing from month to month. 
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