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Abstract. The activities of N-acetyltransferase (NAT) and hydroxyindole-O-methyltransfer- 
ase (HIOMT) and the melatonin content of the Harderian glands of intact and gonadectomized 
male and female Syrian hamsters were studied. NAT activity in intact male Harderian glands 
was twice that of the female. Prepubertal or adult castrated males exhibited a decrease in NAT 
activity to a level comparable to that seen in the female. Testosterone implants in the castrated 
males led to a recovery of the original male NAT levels. Intact male hamsters had very low levels 
of Harderian HIOMT activity and melatonin content in comparison with the glands of the 
females. Prepubertal gonadectomy but not castration of adult males raised the levels of HIOMT 
activity and the melatonin content to those of the females. Bilateral ovariectomy had no effect 
on melatonin content, NAT activity, or HIOMT activity in the female hamster Harderian 
gland. 0 1988 Society for Experimental Biology and Medicine. 

The Harderian gland is a tubuloalveolar 
gland that secretes lipids by means of a mer- 
ocrine mechanism (1). Among the rodents, 
the Harderian gland of the Syrian hamster 
exhibits a remarkable sexual dimorphism 
both anatomically and biochemically. The 
pigmented glands of the females have only 
one glandular cell type, large amounts of in- 
traluminal porphyrins, and high levels of the 
pineal hormone melatonin. In contrast, the 
pale yellow gland of the male is comprised of 
two morphologically different secretory cell 
types and possesses low levels of both por- 
phyrins and melatonin (2). Bilateral gona- 
dectomy converts the male type, both mor- 
phologically (2-4) and biochemically (5-8), 
into the female type. However, bilateral 
ovariectomy has little effect on Harderian 
gland structure and composition (9, 10). 
Since administration of testosterone pre- 

~ ~~ ~ ~~ 

’ Research supported by NSF Grant DCB 8410592. 
Supported by a FICYT Postdoctoral Fellowship 

from the Principado de Asturias Autonomous Govern- 
ment (Spain). 

To whom reprint requests should be addressed. 
Supported by a grant from the Fulbright Commis- 

Supported by Spanish-American Grant CCA 
sion. 

8309-108. 

vents the morphological changes (2,  3) in 
castrated males and induces the masculini- 
zation of the gland in females (lo), andro- 
genic control of the Harderian glands has 
been proposed (6, 8). Moreover, it has been 
recently shown that androgen receptors exist 
in male hamster Harderian glands (1 1). Both 
red light exposure (12) and surgical blinding 
( 5 )  have been shown to prevent the effects of 
gonadectomy in male hamsters, indicating 
that light may be an important modulator of 
Harderian gland physiology. Also, the expo- 
sure of albino rats to continual light leads to 
morphological regression of the Harderian 
glands (1 3). Finally, we have recently de- 
scribed the recovery of some of the male 
morphological characteristics after pro- 
longed bilateral gonadectomy, indicating 
that the effects of gonadectomy in males may 
be transitory (4). The enzymes involved in 
melatonin synthesis, hydroxyindole-0- 
methyltransferase (HIOMT) and N-acetyl- 
transferase (NAT), have been described in 
the hamster Harderian gland ( 14, 15). How- 
ever, the activities of these two enzymes in 
male and female hamster after bilateral gon- 
adectomy have not yet been determined. The 
purpose of the present studies was to exam- 
ine potential changes in melatonin synthesis 
following surgical removal of the gonads. 
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Materials and Methods. Pregnant Syrian 
hamsters were purchased from Sasco 
(Omaha, NE). Throughout the studies, the 
dams and offspring were housed under a 
1ight:dark cycle of 14: 10 (lights on at 0600 
hr). Offspring were weaned at 2 1-25 days of 
age and thereafter maintained five per cage 
with food and water provided ad libitum. 

In the initial study, eight male and eight 
female 25-day-old hamsters were bilaterally 
gonadectomized while under ether anesthe- 
sia. Fifty days postcastration, at 1500 hr, 
glands were collected from both the gona- 
dectomized and the intact control animals 
(eight animals/group). Harderian glands 
were removed, weighed, and immediately 
frozen on solid C02.  Within 72 hr after col- 
lection, NAT and HIOMT activities were 
measured using radioenzymatic methods 
(16). The melatonin content of the glands 
was determined according to Rollag and 
Niswender (17). Protein content of the sam- 
ples was measured by the method of Lowry 
et al. (1 8). The enzymatic activities and the 
immunoreactive melatonin were expressed 
as picomoles and picograms per milligram of 
protein, respectively. 

In the second experiment, 16 adult male 
hamsters (70 days old) were bilaterally gona- 
dectomized. After 20 days, eight castrated 
males received a subcutaneous implant of 
testosterone (1 mg testosterone in 24 mg 
beeswax). Fifteen days after the pellet im- 
plant, hamsters of the castrated group, the 
castrated + testosterone-implanted group, 
and an untreated control group (eight ani- 
mals) were sacrificed at 1500 h. Harderian 
glands were collected and processed as in 
Experiment 1. Plasma testosterone was mea- 
sured using a commercial kit from Diagnos- 
tic Products (Los Angeles, CA). 

Data were analyzed using a one-way anal- 
ysis of variance (ANOVA) and a t test. 

Results. The NAT activity of the intact 
male Harderian glands was twice that of the 
intact female (P < 0.00 1, Fig. la). However, 
50 days after castration, the NAT levels in 
the prepubertally gonadectomized males had 
decreased to a level comparable to that seen 
in the female Harderian gland. Adult male 
hamsters, castrated for 20 days, showed a 
similar decrease in NAT activity (P < 0.00 1, 
Fig. 2a). 
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FIG. 1. NAT and HIOMT activities and melatonin 
content in the Harderian glands of Syrian hamsters. 
Castration (CX) of prepubertal male animals altered the 
levels of enzyme activities and melatonin content so that 
they were equivalent to those in females. Ovariectomy 
did not change these constituents in the Harderian 
gland. 

The NAT activity in the Harderian glands 
of castrated males with testosterone implants 
was not significantly different from that of 
the intact males (Fig. 2a). The level of plasma 
testosterone in the implanted group was, 
however, low compared to that in the intact 
animals (Table I). 

Intact male hamsters had undetectable 
levels of HIOMT activity in their Harderian 
glands; in contrast, the glands of females had 
high HIOMT activity (390 pmole/mg pro- 
tein, P < 0.001, Fig. lb). Bilateral gonadec- 
tomy of prepubertal males led to a significant 
increase in HIOMT activity 50 days later (P 
< 0.001), to the level seen in females. By 
comparison, the adult castrated males as well 
as the testosterone replacement group 
showed no HIOMT activity differences with 
respect to the intact animals (Fig. 2b). Fe- 
male hamster Harderian glands contained 
more than twice the immunoreactive mela- 
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support the idea that there may exist either a 
direct or an indirect androgenic control over 
Harderian NAT activity. A similar andro- 
genic control has been proposed for por- 
phyrin levels in the Harderian gland (6, 9). 

FIG. 2. Effects of castration (CX) of adult male ham- 
sters on NAT and HIOMT activites and the melatonin 
content of the Harderian gland. Unlike castration in 
prepubertal males, castration after adulthood does not 
alter either HIOMT activity or melatonin level but NAT 
values are decreased; this change is reversed by a subcu- 
taneous implant of testosterone (TI). 

tonin concentrations than did these organs in 
intact males (P < 0.005, Fig. lc). Melatonin 
concentrations in prepubertal castrated 
males increased to levels seen in the Harder- 
ian glands of females. Adult castrated males 
exhibited a statistically significant rise in 
Harderian gland melatonin concentrations 
(Fig. 2c). Unlike its effect in the male, bilat- 
eral gonadectomy had no effect on mela- 
tonin, NAT activity, or HIOMT activity 
levels inHarderian glands of female hamsters 
(Fig. 1). 

Discussion. This is the first report to show 
a marked sexual dimorphism in the activities 
of NAT and HIOMT in the Harderian gland 
of the Syrian hamster. We also confirm 
herein the differences in melatonin levels, 
first observed by Hoffman and colleagues 
(8). NAT and HIOMT are the two enzymes 
involved in the conversion of serotonin to 
melatonin; this conversion has been thor- 
oughly investigated in the pineal gland (19) 
but only sparingly in the Harderian gland. 

ovariectomy is without effect on the Harder- 
ian gland NAT activity, suggesting that 
ovary-derived steroids have little influence 
on the activity of the acetylating enzyme. 
The response of NAT to circulating testos- 
terone in the present study suggests that 
NAT activity is differentially regulated in the 
Harderian and pineal glands. NAT activity 
in the pineal gland has been shown to be 
essentially independent of the status of the 
testes and testosterone (2 1,22). Interestingly, 
androgen receptors have been found in both 
the Harderian gland ( 1  1) and the pineal 
gland (23), but they seem to be involved in 
the control of NAT activity only in the 
former. 

The changes in Harderian gland HIOMT 
activity follow a pattern the inverse of NAT 
activity. In intact male animals, low levels of 

TABLE I. RADIOIMMUNOASSAYABLE LEWELS OF 
TESTOSTERONE IN THE BLOOD OF INTACT 

AND CASTRATED MALE HAMSTERS 

Treatment 
Concentration 
(ng/ml k SE) 

Intact 3.61 -t 0.61 
Castrated ND" 
Castrated + testosterone implanted 0.28 -+ 0.04 

" ND, not detectable. 
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HIOMT were accompanied by high NAT 
values. Castration of prepubertal animals led 
to a marked rise in HIOMT levels compara- 
ble to those of the intact females. However, 
castration of adult males had no effect on the 
HIOMT levels. A possible explanation may 
be that the stimulation of the Harderian 
gland by endogenously produced androgens 
during puberty may permanently alter the 
sensitivity of Harderian gland NAT activity 
to circulating gonadal hormones; hence, cas- 
tration after adulthood may have conse- 
quences different from those of prepubertal 
gonadectom y. 

It seems likely that the low HIOMT activ- 
ity in the male hamster Harderian gland ac- 
counts for the reduced melatonin levels in 
these same organs. The close association of 
HIOMT activity and melatonin content of 
the gland in this as well as a previous study 
(14) indicates that in the male hamster Har- 
derian gland, HIOMT activity may rate limit 
melatonin formation. 

Similar to melatonin, the porphyrin con- 
centration of the Hardenan glands of female 
hamsters is much higher than that of males. 
It has been shown that Harderian porphyrin 
content is influenced by sexual hormones 
and lighting conditions ( 12,24). Thus, visual 
function of the eye has been proposed to be 
necessary for the increases in porphyrin con- 
tent in glands of castrated male hamsters 
(12). It also has been reported that the com- 
bination of blinding and castration main- 
tains both the melatonin (8) and the por- 
phyrin ( 5 )  concentrations in male hamster 
Harderian glands, while blinding alone has 
no effect. These facts indicate not only that 
sexual hormones influence the Harderian 
glands but also that visual input involving 
pineal secretory products may be important. 
This is supported by evidence that pinealec- 
tomy prevents the effect of blinding on the 
castrated male Harderian glands (6). Fur- 
thermore, a reciprocal relationship may exist 
between the hamster pineal and the hamster 
Harderian glands, since surgical removal of 
the Harderian glands has been shown to di- 
minish the nocturnal rise in the melatonin 
content of the hamster pineal gland (25). 

The specific cellular type in which mela- 
tonin synthesis occurs in the hamster Har- 
derian glands remains unknown. As noted 

above, the cellular composition of the ham- 
ster Harderian glands varies according to the 
sex of the animal as well as with the gonadal 
status (2-4). Immunocytochemical studies of 
melatonin distribution in the hamster Har- 
derian gland may provide information con- 
cerning which cells are involved in mela- 
tonin production. 

The functions of the Harderian have been 
investigated frequently. Thus, the glands 
may be related to extraretinal photoreceptor 
(26), reproductive (2), and associated behav- 
iors (27), and may be involved, by means of a 
lipoidal merocrine secretion, in lubricating 
the eye (28). Whether melatonin in the Har- 
derian glands relates to any of these proposed 
functions is speculative; however, if mela- 
tonin is released from the Harderian glands, 
a possibility that seems unlikely (29), it could 
certainly modulate reproductive physiology 
as well as sexual behavior (30). 

In conclusion, the hamster Harderian 
gland seems to provide an excellent model to 
study the hormonal regulation of the en- 
zymes involved in extrapineal melatonin 
metabolism. Furthermore, investigations in- 
volving the pineal gland, the gonads, and the 
Harderian glands may provide additional 
insight into understanding melatonin phys- 
iology. 
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