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ABSTRACT The onset of sexual differences in the metabolism of porphyrins and melatonin in the
Harderian glands of Syrian hamsters was studied. Three weeks after birth, the porphyrin concentra-
tions were already higher in glands of females than in those of males. Castration of 22-day.old male
hamsters led to an increase in Harderian porphyrin concentrations, although the levels of intact
females were not reached, The administration of testosterone to 22.day.old female hamsters resulted
in a marked decrease in porphyrin concentrations. Study of the development of sexual differences in
the enzymes involved in melatonin synthesis, N.acetyltransferase INAT) and hydroxyindole-Q.
methyltransferase (HIOMT) indicated that not all the sexual differences observed in these glands begin
at the same time, Thus, while differences in NAT activity were detected after the age of 3 weeks, male-
female differences in HIOMT activity were only observed after 7 weeks. Castration of prepubertal male
hamsters lowered NAT but not HIOMT activities, The administration of testosterone to prepubertal
female hamsters led to male activity levels in both enzymes. Although circulating androgens seem to
have a crucial role in maintaining sexual differences, other hormones including those from the pituitary
and thyroid glands are probably also important for generating these sexual differences.
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The Syrian hamster Harderian gland has recently been used as
a model of extrapineal melatonin production and porphyrin
biosynthesis (Hoffman er al..1985; Menendez-Pelaezer al..1987;
Buzzell er af" 1989; Marrufo er af" 1989). Although these are
common orbital glands in mammals. Harderian glands are without
an assigned physiological role. Suggested functions include inter-
action with the light-pineal-gonadal axis (Hoffman et al.. 1985) and
secretion of hormones (Menendez-Pelaez, 1990), Harderian glands
of Syrian hamsters display a marked sexual dimorphism and have
been extensively studied. Female hamster Harderian glands. which
are dark-gray in color and possess a single secretory cell type.
contain large amounts of porphyrins and detectable concentrations
of melatonin and other indoleamines. On the other hand. male
glands. which are pale and possess two types of secretory cells.
contain relatively little porphyrin and melatonin (Hoffman, 1971;
Hoffman et af., 1985). Castration of male hamsters induces a
feminization of the gland, and androgen replacement restores the
male phenotype (Hoffman. 1971; Payne er al" 1977; Marrufo er al.,
1989), For some ofthe parameters studied, this androgenic control
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is similar to that in male accessory sex glands, where testosterone
is intracellularly converted to 5a-dihydrotestosterone (Menendez-
Pelaez et al" 1990).

Both porphyrin and indole metabolism have been extensively
studied in Harderian glands of adult Syrian hamsters (Hoffman et
af" 1989; Buuell er al" 1990; Menendez-Pelaez and Buuell,1991).
There are also some studies on the postnatal development of the
rat(Feria-Velasco er al" 1984; Osuna er al" 1990) and the hamster
(Bucana and Nadakavukaren, 1973; Lopez et al., 1990) Harderian
glands. However. there are no studies on the appearance of sexual
differences in porphyrin and indole metabolism during postnatal
development in the hamster Harderian gland.

In this study we have found that the concentration of porphyrins
in the Harderian glands of male and female hamsters after 10 days
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of postnatal development is low and that in male hamsters, these
low levels remained unaltered through all the stages studied.
However. in the Harderian glands of female hamsters, an increase
in porphyrin concentrations was observed 22 days after birth
(p<O.Ol). These high levels appeared constant through the other
stages studied. with a slight decrease in the 10o-day-old group (Rg.
1).

Clearly, female glands contain more porphyrin than do male
glands at 50 days of age (p<O.Ol). Porphyrin deposits can be
visualized in the Harderian glands from female but not from male
Syrian hamsters (Figs. 2. 3). Castration of prepubertal male ham-
sters induced an increase in the porphyrin concentration (p<O.05)
28 days later (Rg. 4, bottom panel). However, the porphyrin
concentration of the intact females continued to be higher than that
of castrated males (p<O.05). Administration of testosterone to
prepubertal female hamsters resulted in a significant decrease in
the porphyrin concentration of their Harderian glands (p<O.Ol)
(Fig.4. bottom panel).

Sexual differences in NAT activity appeared at 22 days of age
(p<O.Ol) (Rg. 5. top panel). At this age. female glands reached their
peak in NAT activity. On the other hand. NAT activity in male
Harderian glands did not plateau until the 30-day stage (p<O.05).
After this point, NAT activity in male glands was three times higher
than that of females. Castration of male prepubertal hamsters
resulted in a significant decrease in NAT activity(p<O.Ol) (Fig. 4, top
panel). The subcutaneous implantation of testosterone into
prepubertal female hamsters produced a drop in NAT activity
(p<O.Ol). reaching values comparable to those of intact males.

In contrast to porphyrin and NAT activity, the sexual differences
in HIOMT activity began later, at the 5(}day stage (p<0.05) (Fig. 5,
middle panel). The activity of this methylating enzyme was low in the
male Harderian gland at all stages. In the Harderian glands of
female hamsters, HIOMT activity increased at the 50-day stage and
maintained its high values in the 10D-day group.

Castration of prepubertal male hamsters did not modify HIOMT

activity. However, testosterone implants in young females produced
a significant decrease in HIOMT activity (p<O.Ol) (middle panel).
These values did not differ from those of intact and castrated males.

The melatonin concentration of both male and female glands
was relatively high in the early stages of development (Rg. 5. bottom
panel). In males, the melatonin concentration of Harderian glands
decreased during postnatal development. reaching by 22 days the
same low levels observed in adult animals. Female Harderian
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Fig. ,. Porphyrin concentration in the Harderian
glands of male and female Syrian hamsters from 10
to 100 days of age.100

glands contained similar high melatonin concentrations during the
entire study.

The postnatal development of porphyrin content in the Harderian
glands of Syrian hamsters has received little attention, Previous
studies have been performed in mice Harderian gland (Strong,
1942; Rgge and Davidheiser, 1957) and in the hamster from 2 to
24 months of age (Spike et a/.. 1988). However. this is the first
report analyzing the porphyrin content of the hamster Harderian
gland duringthefirst2 months of life. The marked sexual differences
already evident by 22 days should be carefully discussed. It is
generally accepted that female hamsters do not reach sexual
capabilities before the first month after birth (Sex and Goldman,
1977). In male hamsters, androgens rise sharply after day 30,
peaking on day 50 (Vomachka and Greenwald, 1979). However, it
has been proposed that circulating androgens are exclusively
responsible for the sexual differences observed in Harderian
porphyrin content (Payne et al..1977). The results presented in our
studies suggest that factors other than gonadal androgens might be
involved in porphyrinogenesis, since the concentration of Harderian
porphyrin increased between the 10- and 22-day stages in female,
but not in male glands. Structural and ultrastructural changes have
been found in the Harderian glands of male and female hamsters
during this period of time (Bucana and Nadakavukaren, 1973:
Lopez et al., 1990). There can be little doubt that testosterone
inhibits Harderian porphyrinogenesis since the administration of
testosterone to prepubertal females led to a marked decrease in
the porphyrin content. We have previously shown that administra.
tion of 5a-dihydrotestosterone is also effective in decreasing
porphyrin levels in female glands (Marrufo et al., 1989). Treating
castrated male hamsters with other androgens prevents the rise in
Harderian porphyrin content (Payne et al., 1977). Moreover, an.
drogen receptors are present in the Harderian glands of hamsters
(Vilchis et al.. 1987: Stankov et al.. 1989).

The data suggest that the lack of testosterone in females is not
a porphyrinogenic factor; rather that testosterone is a potent
inhibitor of porphyrinogenesis. However, other factors might be
involved in the onset of the sexual differences observed, since
serum testosterone levels are very low in male hamsters until 30
days of age (Vomachka and Greenwald. 1979), by which time the
porphyrin differences are well established.

Hoffman (1971) and Clabough and Norvell (1973) suggested
some time ago that gonadotropins might be involved in Harderian
porphyrinogenesis. In female but not in male hamsters, serum LH
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Fig. 2. Semithin section from a female Syrian hamster Harderian gland showing a dark brown intraluminal deposit of porphyrin. A smglesecrerory
cell type is observed.

Fig. 3. Semithin section from a male Syrian hamster Harderian gland. No porphyrin deposits are observed. Two secretory cell types are clearly
distinguishable.
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Fig 4. Effects of prepubertal male castration (CAS) or exogenous
administration of testosterone to prepubertal females (TES) on NAT
activity (top pane!!, HIOMT activity (middle panel), and porphyrin
concentration (bottom panel).

levels peak at days 19-21 and FSH levels peak between days 20 and
25 (Bex and Goldman, 1977; Vomachka and Greenwald, 1979),
which are near the times when we found female Harderian porphyrin
levels rising dramatically above those of males (Fig. 1). These
results are consistent with gonadotropins controlling the onset of
porphyrinogenesis. The sharp increase in testosterone levels after

the first month in males would then inhibit porphyrinogenesis in
male (but not female) Harderian glands.

Prolactin has also been proposed as a porphyrinogenic hormone
since reducing serum prolactin levels with blindingorwith dopamine
against bromocriptine, prevented the castration-induced rise in
porphyrin concentration in male hamsters (McMasters and Hoffman,

1984; Buzzell et al., 1989). However, serum prolactin levels are
identical in male and female hamsters until at least day 30
(Vomachka and Greenwald, 1979), so the sexual differences
observed at 22 days of age would not be explained by differences
in circulating prolactin. The possibility that other hormones control
the onset of porphyrinogenesis is open. Thus, it is known that the
injection of newborn rats with thyroxine leads to an early appearance
of Harderian porphyrins, although the attainment of maximal porphyrin
concentration is delayed (Wetterberg et al., 1970).

Indole metabolism in the Harderian glands also seems to be
under androgenic control (Hoffman et al., 1985). NAT activity is
higher in male than in female Harderian glands (Menendez-Pelaez
et al., 1988). Androgen deprivation in males or androgen admin-
istration to female hamsters modifies these phenotypes (Menendez-
Pelaez et al., 1988, 1989). In our study, sexual differences could
be observed at 22 days of age when female glands reached the NAT
peak while the Harderian NAT activity in male glands continued
increasing until 30 days of age. As was the case of porphyrinogenesis,
the attainment of sexual differences in NAT is unlikely to be due to
circulating androgen because male testosterone levels begin to rise
after NAT activity is maximal. In addition, although serumtestosterone
level reaches a peak on day 50 (Vomachka and Greenwald, 1979),
no differences in NAT activity were observed between 30 and 50
days of age.

Testosterone and other androgens have important roles in the
maintenance of high NAT activity in male hamsters, but the activity
observed in females, though lower than that of males, is respect-
able, suggesting that other factors are involved in the regulation of
this acetylating enzyme. Supression of prolactin levels with
bromocriptine has no effect on Harderian NATactivity in either male
and female Syrian hamsters (Buzzell et al., 1989). Castration and
short days both lead to reduced Harderian NAT activity in male
hamsters, but these experimental conditions lead to increased and
decreased gonadotropin levels respectively (Turek et al., 1975),
suggesting that gonadotropins do not directly influence the activity
of NAT.

It has been suggested that TSH or thyroid hormones influence
Harderian gland NAT activity in Syrian hamsters. Treatment of intact
female or intact and castrated male Syrian hamsters with
methimazole, resulting in a decrease in thyroid hormones and an
increase in TSH, produced a rise in NAT activity (Buzzell et al.,
1990). Unfortunately, there is insufficient data concerning serum
TSH or thyroid hormone levels in female and male hamsters during
postnatal development.

The sexual differences observed in HIOMT activity became
evident later than the other parameters studied. The hormonal
control of the Harderian methylating enzyme seems to be very
complex. In a previous study, we showed that castration of prepubertal
(25 days old), but not adult, hamsters produced an increase in
HIOMT activity 50 days later (Menendez-Pelaez et a/., 1988). In the
present study we were unable to repeat these results with animals
castrated on the 22nd day. We also found that testosterone
administered to prepubertal females led to reduced HIOMT activity.
However, in a previous study, the administration of androgens to
adult female hamsters did not modify HIOMT activity (Marrufo et al.,
1989). Thus, the roles of androgens and other hormones in the
control of Harderian HIOMT activity is still unclear.

Melatonin has been detected in the Harderian glands of several
rodents (Menendez-Pelaez, 1990; Menendez-Pelaez and Buzzell,
1991). Although this indole may be taken up into the Harderian
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Fig. 5. NAT activity (top panel), HIOMT activity (middle panelJ. and
melatonin concentration (bottom panel) in the Harderian glands of
male and female hamster during postnatal development.

gland from the circulation, (Hoffman et al., 1985), we have shown
that melatonin can be synthesized within the Harderian glands of
female hamsters (Menendez-Pelaez et al., 1987). The results ob-
tained in the present study suggest that the high melatonin values
found in the Harderian glands of both sexes during the first 3 weeks
of extrauterine life might be a consequence of uptake from circu-
lation, since both NATand HIOMTactivities were very low at this
time. Contrary to the situation in the pineal gland, Harderian
melatonin concentrations seem to be correlated with HIOMTinstead
of NATactivities (Menendez-Pelaez ef al..1987, 1988). Inthe present
study, the increase in melatonin observed in the Harderian glands
of female hamsters from 30 to 100 days of age runs parallel to the
increase in HIOMTactivity.

In conclusion, the sexual differences observed both in the
porphyrin and indole metabolism in the Harderian glands of Syrian
hamsters develop independently of the circulating levels of andro-
gens. The hormones or factors generating these differences might
be produced by the pituitary, but their precise nature is still
unknown.
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Experimental Procedures

Sixty-three male and 66 female Syrian hamsters (Mesocricetus auratus)
were used in this study. The animals, which were born and maintained in the
Colgate University colony, were kept grouped by sex (4 per cage) under a
light:dark cycle of 14:10 h (lights on at 0900 h) and a temperature of 22:t
2cC. Food and water were provided ad libitum.

The animals were sacrificed by decapitation 10, 22, 31, 50 and 100 days
after birth (10-12 hamsters per group). Eight 22-day-.old male hamsters were
bilaterally gonadectomized under ether anaesthesia and killed at the same
time as the 5O-dayintactgroup. Eight 22-day-.oldfemales were subcutaneously
implanted with testosterone (1 mg in 24 mg of beeswax) twice (at the 22-

and 4 7-day stages) and sacrificed at the same time as the 5O-day-.old group.
Harderian glands were rapidly removed and frozen on solid C02. Some of the
samples were fixed and processed for conventional light microscopy.

Porphyrin concentrations were determined according to routine methods
(Buzzell et al.. 1989). Both N-acetyltransferase activity (NAT) and

hydroxyindole-O-methyltransferase activity (HIOMT) were measured follow-
ing the method described by Champney et al. (1984) and Menendez-Pelaez

et al. (1989). Melatonin concentrations of the glands were determined by
radioimmunoassay (Rollag and Niswender, 1976). The protein content of
the samples was estimated by the method of lowry et al. (1951).

Data were analyzed by a one-way analysis of variance (ANOVA) followed
by a Newman-Keuls test.

Acknowledgments
Research supported by NSF Grants # DCB 8701752 (R.A.H) and DCB

8711241 (R.J.R); Spanish DGICYTand FICYTGrant PM89-0086 (AM-P)and
University of Alberta Central Research Fund Grant (GRB). The assistance of
Mr. Peter Habeeb is appreciated.

BEX, F.J. and GOLDMAN,B.D. (1977). Serum gonadotropins associated with puberty
in the female Syrian hamster. Bioi. Reprod. 16: 557-560.

BUCANA.C.D. and NADAKAVUKAREN,M.J. (1973). Ultrastructural investigation of the
postnatal development of the hamster Harderian gland. II. Male and female. Z.
ZeJ/forsch. Mikr. Anat. 142: 1-12.

BUZZEll, G.R.,MENENDEZ-PELAEZ,A., HOFFMAN, R.A" VAUGHAN, M.K" and REITER,
R.J. (1990). N-acetyltransferase activity in the Harderian glands of the Syrian
hamster, Mesocricetus auratus, is regulated by androgens and by hormones of the
pituitary-thyroid axis. J. Endocrino!. 127: 59.67.

BUZZELL, G.R., MENENDEZ-PELAEZ, A., PORKKA-HEISKANEN, T., PANGERL, A..
PANGERl, B., VAUGHAN, M.K. and REITER, R.J. (1989). Bromocriptineprevents the
castration-induced rise in porphyrin concentration in the Harderian glands of the
male Syrian hamster (Mesocricetus auratus). J. Exp. Zool. 249: 172-176.

CHAMPNEY, T.H., HOLTORF, A.P., STEGER, R.J. and REITER, R.J. (1984). Concurrent
determination of enzymatic activities and substrate concentration in the melatonin
synthetic pathwaywithinthe same pineal gland. J. Neurosci. Res. 11: 59-65.

CLABOUGH, J.W. and NORVELL, J.E. (1973). Effects of castration, blindingand the
pineal gland on the Harderian glands ofthe male golden hamster. Neuroendocrinology
12: 344-353.

FERIA-VELASCO,A., MELENDEZ, C. and JARAMILLO. J. (19B4). Se;.; differences in
secretion pattern of neonatal rat Harderian gland under various environmental
lighting conditions. Compo Biochem. Physiol. 74B: 709-714.

FIGGE, F.H.J. and DAVIDHEISER, R.H. (1957). Porphyrin synthesis by mouse Harderian
gland extracts: se;.;,age, and strain variation. Proc. Soc. Exp. BioI.Med. 96: 437-
439.

HOFFMAN, R.A. (1971). Influenceof some endocrine glands, hormones and blinding
on the histology and porphyrins of the Harderian glands of golden hamsters. Am.
I Anat. 132: 463-47B.

HOFFMAN, R.A., JOHNSON, LB. and REITTER, R.J. (1985). Harderianglands ofgolden
hamsters: temporal and sexual differences in immunoreactive melatonin. J. Pineal
Res. 2: 161-168.

HOFFMAN, R.A., JOHNSON, L.B.and REITER, R,J, (1969), RcgulDtion of melatonin in
the Harderian glands of golden hamsters. I Pineal Res. 6: 63-71.



138 A. Mc",'"dc:-P"i<i<': ct al.

LOPEZ.J.M..TOLIVIA.J.. DiAl.C. and ALVAREZ-URIA, M.(1990). Ultrastructuralstudy
of lamellar and nucleolus-like bodies in the Harderian gland during postnatal
development of the hamster (Mesocricetus auratus). Anal. Rec. 228: 247-254.

LOWRY, H.D.. ROSENBROUGH.N.l. FARR.A.L.and RANDALL,N.J. (1951). Protein
measurements with folin phenol reagent. J. Bioi. Chern.193: 265-275.

MARRUFO. B.. MENENDEZ-PELAEZ.A.. BUZZELL, G.R.. GONZALEZ-BRITO.A. and
REITER.R.J. (1989). 5et-Dihydrotestosteroneadministration converts indolamine
metabolism and porphyrin content of the female Syrian hamster Harderian gland
to the male type. Proc. Soc. Exp. 8iol. Med. 192: 192-195.

McMASTERS. K.M. and HOFFMAN,R.A. {1984). Harderian glands: regulation of sexual
.t~pe' by gonads and pineal gland. Bioi. Reprod. 31: 579-585.

MENt.NDEZ.PELAEZ.A. (1990). Melatonin and other indoles in the rodent Harderian
glands: regulation and physiological significance. In Advances in Pineal Research
(Eds. R.J. Reiter and A. Lukasl~k). Vol. 4. John Libbey. London, pp. 75-80.

MENt.NDEZ.PELAEZ. A. and BUZZELL. G.R. (1991). Harderian gland indoles. In
Vertebrate Harderian Gland: Porphyrin Metabolism. Behavioral and Endocrine
Etfects(Eds. S.M. Webb. M. Puig-Domingo. R.J. Reiter and R.A. Hoffman). Springer-
Yerlag, Berlin. (In press).

MENENDEZ-PELAEZ,A.. BUZZELL.G.R.. GONZALEZ.BRITO.A. and REITER.R.J. (1990).
The androgenic control of Syrian hamster Harderian gland N-acetyltransferase is
mediated by 5u-dihydrotestosterone. J. Cell. Biochem. 42: 95-100.

MENt.NDEZ-PELAEZ,A., HOWES. K.A.. GONzALEZ-BRITO.A. and REITER,R.J. (1987).
N-acetyltran sferase activity. hydroxYlndole-G-methyltrans ferase activity and me laton in
levels in the Harderian glands of female Syrian hamsters: changes during the
light:dark cycle and the effect of 6-chlorophenylalanine administration. Biochem.
Biophys. Res. Commun. 145: 1231-1238.

MENt.NDEZ-PELAEZ.A.. MARRUFO,B., REITER.R.J.. SANTANAC.and GUERRERO.J.M.
(1989). Testosterone increases N.acetyltransferase activity in both male and
female S,'rian hamster Harderian glands. Biochem. Int. 19: 115-121.

MENENDEZ-PELAEZ.A.. REITER, R.J., GUERRERO. J.M.. PUIG-DOMINGO. M. and
HOWES. K.A. (1988). Sexual dimorphism in N-acetyltransferase activity.
h~droxyindole.O-methyltransferase activity. and melatonin content in the Harderian
glands of Syrian hamsters: changes following gonadectomy. Proc. Soc. Exp. Bioi.
Med. 187: 287.291.

OSUNA. C.. RUBIO, A.. GOBERNA.R. and GUERRERO. J.M. (1990). Ontogeny of type
II thyroxine 5'-deiodinase. N-acetyltransferase. and hydroxyindole.O.
methyltransferase activities in the rat Harderian gland. Life Sci. 46: 1945-1951.

PAYNE.A.P.. McGADEY.J.. MOORE, M.R.. and THOMPSON,G. (1977). Androgenic
control of the Harderian gland in the male golden hamster. J. Endocrinol. 75: 73-
82.

ROLLAG.M.D. and NISWENDER.G.D. (1976). Radioimmunoassayof serum concentra-
tions of melatonin in sheep exposed to different lighting regimes. Endocrinology 98:
482-489.

SPIKE.R.C..PAYNE, A.P.and MOORE.M.R.(1988). Theeffects of age inthe structure
and porphyrin synthesis of the Harderlan gland of the female golden hamster. J.
Anat. 160: 157-166.

STANKOY.B.. LUCINI.V.. SNOCHQWSKI,M.. COZZI. B., FUMAGALLI.P., MACCARELLI,
G. and FRASCHINI.F. (1989). Cytosolic androgen receptors in the neuroendocrine
tissues of the golden hamster: influence of photoperiod and melatonin treatment.
Endocrinology 125: 1742-1744.

STRONG. L.C.(1942) Sex differences in pigmentcontent of Harderianglands of mice.
Proc. Soc. Exp. Bioi. Med. 50: 123-125.

TUREK. F.W., ELLIOT,J.A., ALVIS.J,D. and MENAKER.M. (1975). The interaction of
castration and photoperiod in the regulation of hypophyseal and serumgonadotropin
levels in male golden hamsters. Endocrinology 96: 854.859.

VILCHIS.F., HERNANDEZ.A.E.. PEREZ, A. E. and PEREZ-PALACIOS,G. (1987).
Hormone regulation of the rodent Harderian gland: binding properties of the
androgen receptor in the male golden hamster. J. Endocrinol. 112: 3-8.

VOMACHKA.A.J. and GREENWALD.G.S. (1979). The development of gonadotropin and
steroid hormone patterns in male and female hamsters from birth to puberty.
Endocrinology 105: 960.966.

WElTER BERG, L., YUWILER, A.. GELLER, E.and SCHAPIRO, S. (1970). Harderiangland:
development and influence of early hormonal treatment on porphyrin content.
SCience 168: 996-998.

A({eptfd forjmhlim/ioll:jll!le 1991


