- e

O 5 1 St. Marianna Med. J.
rigina Vol. 18,p. 241~248,1990.

Rhythms of Blood Melatonin in Individual Japanese Quail
(Coturnix coturnix japonica)

Atsuhiko Hattori!, Tsugio Murakami?, Takuro Suzuki'
and Masaru Wada?

(Received for Publication : June 20, 1990)

Abstract

We developed a micromodification of the melatonin radioimmunoassay (RIA),
reducing sample volumes to 50 x/, and applied it to determine plasma melatonin
rhythms in the same population of small animals such as Japanese quail. Plasma
samples were measured without any extraction. The validity of the assay was checked
by classical techniques, including parallelism, accuracy, sensitivity, precision and
reproducibility. The least detectable dose of melatonin of the RIA method was 0.5 to
1 pg/tube. The intra- and inter-assay coefficients of variation for 27 pg melatonin in
50 ul plasma were 4.5 and 4.6%, respectively. Plasma melatonin levels in subjects
exposed to 16 hr light and 8 hr darkness (16 L: 8 D) and 8 L: 16 D showed clear
diurnal rhythms with high levels occurring in the night-time and low levels during the
daytime. However, peak levels and corresponding times were different between the

two groups.
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Introduction

Daylength serves as a critical environmen-
tal cue for vertebrates in the temperate zone,
and restricts their reproduction to a particular
period of the year. Most of them appear to
measure the daylength using their circadian
clocks. It is well established that the major
source of melatonin is the pineal gland. The
pineal melatonin rhythm, controlled by the cir-
cadian oscillator, is reflected accurately in
blood, urine and cerebrospinal fluid, with high
levels occurring at night. Thus melatonin is
considered to be a time-keeping hormone in
vertebrates. Melatonin levels in the blood and
the pineal gland have been quantified by
bioassay’?, gas chromatography®, HPLC* and
radioimmunoassay, RIA®®. At present, RIA
procedures are useful and are easily conducted
for the measurement of circulating melatonin
levels, however, they have required 500 x/ to 1
m/ of plasma to detect it”~®. These previous
techniques, for each individual, do not enable us
to examine the phase relationship between
melatonin levels and given circadian rhythms
such as locomotor activity, because collecting
serial samples of blood from small animals is
almost impossible.

Thus the present study focused on 1) the
improvement of a melatonin RIA that would
measure it in a small sample and 2) the applica-
tion of the RIA to elucidate melatonin changes
in the same individual blood of quail under
conditions of short days or long days. A portion
of this work has been presented in an abstract
in the Proceedings of the 10 th Annual Meeting
of the Japan Society for Comparative Endo-
crinology'?.
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Materials and Methods

Animals and treatments

Three week-old male Japanese quail
(Coturnix coturnix japomica) were obtained
from a commercial source (Suzukei Company,
Toyohashi). They were kept under a short day
length of 8 hr light and 16 hr darkness (8 L: 16
D) for 3 weeks before each experiment. Batches
of quail were further exposed to one of the
following schedules for 1 week ; 16 L: 8 D (N=
5) or 8L: 16 D (N=5). All blood samples were
obtained at 7 weeks of age. About 100 ul/ of
blood were collected serially at 2 hr intervals
from the brachial vein over the next 24 hr with
heparinized tubes. During the dark phase, blood
collection was made under a dim red light from
a bird whose head covered with a light-tight
hood. Plasma was separated by centrifugation
and stored at —20°C until assay for melatonin.
Melatonin radioimmunoassay

Melatonin concentrations in the plasma
were measured directly in 25 to 50 u/ samples
without any extraction procedures by a double-
antibody RIA. Samples, quality controls or stan-
dards (0.8 pg to 102 pg) in 50 x/ were pipetted
into MILLI-3 polypropylene tubes (Lumac,
Landgraaf, The Netherlands) and 50 u/ of 1%
BSA-PBS buffer (0.01 mol// sodium phos-
phate, 0.14mol// NaCl, 1% NaN,; and 1%
bovine serum albumin, pH 7.5) were added.
The rabbit antiserum (supplied by Professor
Kawashima, Kyouritsu College of Pharmacy)
to melatonin (50 !/ ; final dilution 1 : 80000) in
1% NRS EDTA-PBS buffer (0.01 mol/!/
sodium phosphate, 0.14 mol/! NaCl, 0.05 mol/!/
EDTA, 1% NaN; and 1% normal rabbit serum,
pH 7.5) was added into MILLI-3 tubes, mixed
and incubated at 4°C overnight. The [*H]-
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melatonin (Amersham Japan, Tokyo) in 50 ul
(ca. 2000 cpm) was then added, agitated, and
incubated further at 4°C overnight. Bound and
free melatonin were separated by incubation
with anti-rabbit gamma globulins (supplied by
Professor Wakabayashi, Gunma University) in
EDTA-PBS buffer at 4°C overnight. Following
centrifugation at 2000 g for 30 min, the super-
natant was aspirated and the precipitate was
dissolved in 0.1 N NaOH (100 x/) and mixed
with 2 m/ of Aqualuma Plus (Lumac) for liquid
scintillation counting. The antiserum to
melatonin was highly specific for melatonin
precursors ; cross-reactivity was less than
0.005% with tryptophan, 5-hydroxytryptophan
and serotonin, almost 0.005% with N-acetylser-
otonin. Cross - reactivity with melatonin
metabolites and related indoles was less than
0.01%,

melatonin®.

except for 2.6% with 6-hydroxy-

Results

Melatonin RIA

Parallelism was determined by comparing
the displacement curve obtained with serial
dilutions of plasma in the night-time with a
buffer standard curve (Fig. 1). No statistically
significant differences were obtained between
the slopes of the serially diluted plasma and the
relevant portions of melatonin standards. To
assess the accuracy of this assay, melatonin (64,
256, Co., St.
Louis, MO) was added to pooled plasma col-

1024 pg/m! ; Sigma Chemical

lected during the daytime (Fig. 2). The correla-
tion coefficient between the amounts added and
those assayed was 0.995 and the slope of the
regression line was 0.91. Fifty per cent inhibi-
tion was produced upon addition of 24 pg
melatonin per tube. The least detectable dose of
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plasma dilution
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Fig.1 Inhibition curves obtained with synthetic
melatonin and plasma collected from quail during
the night-time

Standards or plasma samples, antiserum and
tracer solutions in each 50 x/ sample were incubated
at 4°C and the immunocomplex was precipitated by
double antibody method (see details in the text).
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Fig.2 Accuracy of the RIA method determined by
recovery of melatonin added to plasma of quail
collected during the daytime

Values represent means += SEM (n=5).

melatonin (two standard deviations from buffer
control tubes) was 0.5 to 1 pg/tube. The intra-
and inter-assay coefficients of variation for
pooled blood containing 27 pg in 50 u/ were 4.5
and 4.6%, respectively. No differences of the
displacement curves were noted among three
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Fig.3 The diurnal pattern of plasma melatonin in quail exposed to 16
L8 D

The points represent the means + SEM. If no error bar is seen, the
SEM is encompassed by the symbol representing the mean. The shaded
areas in the figure express the dark period. Right small panels show
representative individual values of plasma melatonin.
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Fig.4 The diurnal pattern of plasma melatonin in quail exposed to 8
L%216:D
For details, see the legend of Figure 3 and the text.

different incubation procedures; advanced, trained to 16 L: 8 D showed clear rhythms as
simultaneous and delayed additions of labeled shown in Fig. 3, and to 8: 16 D in Fig.4. The
antigen (data not shown). mean peak levels of melatonin (530 pg/m!) in
Diurnal rhythms in plasma melatonin the night-time under 16 L : 8 D appeared to be

Plasma melatonin concentrations in quail about 2 times higher than the levels seen under

28




Melatonin rhythms in quail blood

8L: 16 D. There was a more than 20 times
maximum increase in the night-time blood
melatonin levels than the lowest daytime levels
in both LD cycle conditions. The peak time for
plasma melatonin under 16 L : 8 D was 03.00 to
06.00 hr, and that of 8 L: 16 D was 21.00 to
01.00 hr. Their peaks appeared at about the
middle of each dark period.

Discussion

Heretofore it has not been possible to esti-
mate melatonin concentrations in serially col-
lected blood samples from small animals, such
as quail, for the study of circulating melatonin
rhythms. In the present study we characterized
the rhythms of blood melatonin in each individ-
ual quail using the techniques of both RIA
micromodification and frequent blood sam-
plings. Melatonin concentrations in the blood
were found to be high in the night-time and low
during the daytime in the same bird. The pre-
sent results obtained from individual animals
confirmed previous reports in changes of plasma
melatonin concentrations, based on blood collec-
tions from different animal populations by
decapitation®.

Thus, the present study focused on the
rhythms of blood melatonin under different
photoperiods. Plasma melatonin concentrations
in quail exposed 16L: 8D and 8L: 16D
showed clear LD rhythms. The pineal body and
its hormone, melatonin, have been implicated in
mediating several light-cued physiological
processes, including (1) the entrainment and
organization of circadian rhythms and (2) the
photoperiodic regulation of reproduction in
For
pinealectomy has profound effects on the activ-

several species. circadian rhythms,

ity rhythms in some birds ranging from changes
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in free-running periods for starlings'* to ar-
rhythmicity for sparrows!*'®. Daily melatonin
injections can entrain the activity rhythms of
starlings'®. Silastic implants which continuous-
ly release melatonin can affect the period of the
activity rhythms of sparrows'®. However, it
appears that pinealectomy has little or no
effects upon the free-running activity rhythms
of quail'® and pigeon'”. Thus the general con-
cept that the pineal gland is the most important
in circadian organization within the Aves is
still far from being validated. These results,
together with the observations that pineal-
ectomized birds so far studied are still able to
entrain to light and dark cycles!®*~2® and that
the origin of melatonin is not restricted solely to
the pineal gland”?'~?® suggest that the circadian
rhythms are controlled by more than one oscil-
lator. It is probable that they are normally
coordinated by a hormonal output, possibly
melatonin.

While some influences of the pineal gland
on reproduction have been reported in quail??,
Indian weaver finch?®® and turkey?®, other
attempts have met with no or little success?”?.
As of this date, the role of melatonin in repro-
duction has not been clearly defined in birds. In
our previous experiments in quail?**®, quite a
brief light pulse (30 min a day) triggers LH
secretion and testicular growth when given
12.5~15 hr after dawn, but is totally ineffective
or much less effective at other times of the night
irrespective of the length of the main photo-
periods. These results suggest the existence of a
photoinducible phase for gonadotropin secretion
which is based on daily rhythms. To examine
whether melatonin in the blood is related to the
initiation of gonadotropin secretion in Japanese
quail, additional studies are necessary.




246

Atsuhiko Hattori, Tsugio Murakami, et al.

Acknowledgments

We are grateful to Associate Professors D. C.

Herbert and J. P. Barron for their revision of the

original manuscript. We are also grateful to Mr. M.

Itoh for his assistance in the preparation of this
paper. This work was supported by Grants-in-Aid
from Ministry of Education, Science and Culture of
Japan to A. H. and M. W.

1)

2)

3)

4)

5)

7)

8)

9)

References
Mori, W. and Lerner, A.B.: A microscopic
bioassay for melatonin. Endocrinology, 67 :
443-450, 1960.
Ralph, C. L. and Lynch, H. J.: A quantitative
melatonin bioassay. Gen. Comp. Endocrinol.,
15 : 334-338, 1970.
Koslow, S. H. and Green, A.R.: Analysis of
pineal and brain indole alkylamines by gas
chromatography - mass spectrometry. Adv.
Biochem. Psychopharmacol., 7: 33-43, 1973.
McNulty, J. A.: Organ culture of the goldfish
pineal body. Cell Tissue Res., 238: 565-575,
1984.
Rollag, M. D. and Niswender, G. D.: Radioim-
of
melatonin in sheep exposed to different light-
Endocrinology, 98: 482-489,

munoassay of serum concentrations

ing regimens.
1976.
Kawashima, K., Nagakura, A., Wurzburger, R.
J. and Spector, S. : Melatonin in serum and the
pineal of spontaneously hypertensive rats.
Clin. Exp. Hypertens., [A] 6: 1517-1528, 1984.
Pang, S. F., Chow, P. H., Wong, T. M. and Tso,
E.C. F.: Diurnal variations of melatonin and
N-acetylserotonin in the tissues of quails
(Coturnix sp.), pigeons (Columba livia), and
chickens (Gallus domesticus). Gen. Comp. En-
docrinol., 51: 1-7, 1983.

Underwood, H., Binkley, S., Siopes, T. and
Mosher, K.: Melatonin rhythms in the eyes,
pineal bodies, and blood of Japanese quail
(Coturnix coturnix japonica). Gen. Comp. En-
docrinol., 56 : 70-81, 1984.

Vakkuri, O., Leppiluoto, J. and Vuolteenaho,
O.: Development and validation of a
using

melatonin radioimmunoassay

30

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

radioiodinated melatonin as tracer. Acta En-
docrinol., 106 : 152-157, 1984.

Hattori, A. and Wada, M.: Diel changes in
quail plasma concentrations of melatonin
under long day, short day and skeleton
photoperiods. In Proceedings of the 10th
Annual Meeting of the Japan Society for
Comparative Endocrinology (eds. Kobayashi,
H. and Wada, M.), p. 55, 1985, JSCE, Tokyo.
Gwinner, E.: Effects of pinealectomy on cir-
cadian locomotor activity rhythms in Euro-
pean starlings, Sturnus wvulgaris. J. Comp.
Physiol., 126 : 123-129, 1978.

Gaston, S. and Menaker, M. : Pineal function :
The biological clock in the sparrow ? Science,
160 : 1125-1127, 1968.

McMillan, J.: Pinealectomy abolishes the cir-
cadian rhythm of migratory restlessness. J.
Comp. Physiol., 79: 105-112, 1972.

Gwinner, E. and Benzinger, I.: Synchroniza-
tion of a circadian rhythm in pinealectomized
European starlings by daily injections of
melatonin. J. Comp. Physiol., 127: 209-213,
1978.

Turek, F. W., McMillan, J.P. and Menaker,
M. : Melatonin: Effects on the circadian
locomotor rhythm of sparrows. Science, 194 :
1441-1443, 1976.

Simpson, S. M. and Follett, B. K. : Pineal and
hypothalamic pacemakers: their role in
regulating circadian rhythmicity in Japanese
quail. J. Comp. Physiol., 144 : 381-389, 1981.
Ebihara, S., Uchiyama, K. and Oshima, I.:
Circadian organization in the pigeon, Columba
livia . The role of the pineal organ and the
eye. J. Comp. Physiol., 154 : 59-69, 1984.
Gern, W. A., Owens, D. W. and Ralph, C.L.:
Persistence of the nychthemeral rhythm of
melatonin secretion in pinealectomized or
optic tract-sectioned trout (Salmo gaivdneri).
J. Exp. Zool., 205 : 371-376, 1978.

Yu, H.S., Pang, S. F., Tang, P. L. and Brown,
G. M. : Persistence of circadian rhythms of
melatonin and N-acetylserotonin in the serum
of rats after pinealectomy. Neuroendo-
crinology, 32 : 262-265, 1981.




20)

21)

22)

23)

24)

25)

Melatonin rhythms in quail blood

Vakkuri, O., Rintam#ki, H. and Leppéluoto,
J.: Plasma and tissue concentrations of
melatonin after midnight light exposure and
pinealectomy in the pigeon. J. Endocrinol.,
105 : 263-268, 1985.

Ralph, C.L.: Melatonin production by
extrapineal tissues. In Melatonin: Current
Status and Perspectives. (eds. Birau, N. and
Schloot, W.), p.35-46, 1981, Pergamon, New
York.

Vakkuri, O., Rintamiki, H. and Leppiluoto,
J.: Presence of immunoreactive melatonin in
different tissues of the pigeon (Columba livia) .
Gen. Comp. Endocrinol., 58 : 69-75, 1985.
Hattori, A., Wada, M. and Sonoda, Y.: Cir-
cadian variation in melatonin release from the
eye of Japanese quail. Zool. Sci., 3: 1087, 1986
(Abstract).

Sayler, A. and Wolfson, A.: Influence of the
pineal gland on gonadal maturation in the
Japanese quail. Endocrinology, 83 : 1237-1246,
1968.

Balasubramanian, K.S. and Saxena R.N.:
Effect of pinealectomy and photoperiodism in

31

26)

27)

28)

29)

30)

247

the reproduction of Indian weaver birds,
Ploceus philippinus. J. Exp. Zool., 185: 333-
340, 1973.

Siopes, T.D. and Underwood, H. A.: Pineal
gland and ocular influences on turkey breeder
hens. 1. reproductive performance. Poultry
Sci., 66 : 521-527, 1987.

Homma, K., Wilson, W. O. and Siopes, T.D.:
Eyes have a role in photoperiodic control of
sexual activity of Coturnix. Science, 178 : 421-
423,.1972.

Simpson, S. M., Urbanski, H. F. and Robinson,
J.E.: The pineal gland and the photoperiodic
control of luteinizing hormone secretion in
intact and castrated Japanese quail. J. Endo-
crinol., 99 : 281-287, 1983.

Wada, M. : Photoperiodic control of LH secre-
tion in Japanese quail with special reference to
the photoinducible phase. Gen. Comp. Endo-
crinol., 39 : 141-149, 1979.

Wada, M. : Photoinducible phase for
gonadotropin secretion entrained to dawn in
Japanese quail. Gen. Comp. Endocrinol., 43:
227-233, 1981.




248 Atsuhiko Hattori, Tsugio Murakami, et al.

% &

HAY 2B F 5P 25 b=vEBEOHANZEL

fREr B! RAE WK K =89 MHE B

B DR —EE L D EER IR 2T = EEEREIET 51213, RIAD~A 7 a{bhidZA
ThH D, SEREERERZTOT, RIA2HB T2 LD, BEE 50l TR S Z LTI
L7-, v MR OFTHE, 7 vt (A OBRERERE, STy ARBLUT v
A LB EHEL, RIA D<A 27 n{bOBERERRE LT, 16 RHHIERAA 8 RefHRs R & /213 8 FF
ROEEEE 16 RFERE T CHEB LAY X5 2w, BA—@E L D 2 FEgcRmL, 27 =~
BEOE(LEFAN, MMFAT N =V EEREOEFAERECEL, BECEEEZTL, Hon
HHBZEER L. £, MABHECBVLTAT M= VBEOE — 7B L UE—2 DfE
BAS MR ENED sz,

1 U7 UFERKRE B 1REHEEE
(EfEER SHAREH)
2 WRERERIRE HES

32




	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8

