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Abstract: The present study elucidates the physiological role of a calcitonin (CT)-like substance in the lamprey
(Lampetra japonica) captured in a river. A CT-like substance in the plasma of lampreys (n = 13, both sexes) was
examined by an enzyme-linked immunosorbent assay using an anti-salmon CT serum when they were transferred
from freshwater (FW) to 1/3 seawater (1/3 SW). After keeping them in 1/3 SW for one day, the CT-like substance in
1/3 SW-adapted lampreys was significantly higher than that in FW-adapted lampreys. This substance was
significantly correlated with the gonad somatic index (GSI) in males; however, the GSI could not be measured in
post-spawned females. The present study is in agreement with a previous study showing that the CT-like substance
had a significant correlation with the GSI in both sexes. This species of lamprey is born in a river and then migrates
from FW to SW after metamorphosis. Subsequently, the lamprey grows up in the sea. Thereafter, it migrates from
SW to FW and then spawns in the river to complete its life cycle. The results obtained here suggest that the CT-like
substance plays important roles in their migration from FW to SW and their sexual maturation after migrating from
SW to FW during their life cycle.
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Introduction

Calcitonin (CT) consists of 32 amino acids and
hypocalcemic that
mineralize bones by suppressing the activities
of osteoclasts in mammals (Kameda, 2017;
Hay et al., 2018). This hormone is secreted by
the C-cells of the thyroid gland in mammals
and by the ultimobranchial gland (UBG) in
non-mammalian vertebrates (Kameda, 2017).

is a hormone can

From morphological observations
(Watzka, 1933) and a rat bioassay for
hypocalcemic activity (Copp et al, 1970) in
the branchial region, which possibly contains
UBQG, it has been concluded that Cyclostomata,
such as lampreys and hagfishes, have no CT-
producing cells. However, using Western
blotting methods, a CT-like substance has
been detected in the plasma of the lamprey
(Lampetra japonica), and the molecular
weight of this substance was estimated to be
3.5 kDa, which is equal to that of salmon CT
(Suzuki, 2001). In other species of
Cyclostomata (hagfish, Eptatretus burgeri), the
immunoreactive substance (3.5 kDa) was also
present and was shown to have hypocalcemic

and hypophosphatemic activities in rats
(Suzuki, 1995). Therefore, this CT-like
substance is secreted from a yet unidentified
organ or cells and may have some
physiological role in Cyclostomata.

All hagfishes live in the sea; some
lampreys move to the sea after

metamorphosis in freshwater (FW) and take
several years to become sexually mature.
Thereafter, lampreys undergo a spawning
migration from seawater (SW) to FW during
their life cycle (Morris, 1958). Therefore,
lampreys must regulate their body fluid
according to changes in the environmental
water. It has been reported that the lamprey

(Lampetra fluviatilis) adapted to
hyperosmotic media using kidney function:
reduced glomerular filtration rate, changed
composition, and increased water
resorption (Logan et al, 1980a; McVicar and
Rankin, 1985; Rankin, 2002). Furthermore,
lampreys (Petromyzon marinus) as well as
teleosts have mitochondria-rich cells in their
gills.  These
osmoregulation (Peek and Youson, 1979;
Bartels et al, 1996, 1998). However, there is
little information about hormonal regulation
in the osmoregulation of lampreys (Bentley,
1998). A CT-like substance in lampreys may
function in correlation with changes in the
environmental water over its life cycle.

urine

cells are involved in

To examine the physiological role of the
CT-like substance, we measured the plasma
level of this substance by an enzyme-linked
immunosorbent assay (ELISA) using an anti-
salmon CT serum in the lamprey, Lampetra
japonica, when they were transferred from
FW to diluted SW. In a previous report
(Suzuki, 2001), the correlation between the
CT-like substance and gonadal maturation in
the lamprey was recognized. In the present
study, we confirmed this correlation.

Considering the present results along with
those of previous studies, we discussed
the physiological significance of a CT-like
substance in the lamprey, Lampetra japonica.

Materials and Methods
Animal:

The mature lampreys, Lampetra japonica (n =
13: 10 males and 3 females) migrated from
the sea to the river, were caught in the lower
reaches of the Machino River (Ishikawa
Prefecture) (Fig. 1). Collected lampreys were
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carried to the laboratory. Prior to the
experiments, fish were acclimatized in the
aquarium (120 cm x 60 cm x 45 cm) for 3
days after collection. These lampreys were
anesthetized with  0.03%  ethyl 3-
aminobenzoate methanesulfonic acid salt
(MS-222, Aldrich Chemical Company, Inc.,
USA), and then their body weight was
measured. Thereafter, we labeled the head,
fins, and tail with thread to identify each
lamprey. Thereafter, blood samples (1-2 ml)
were collected from the caudal vessel with
heparinized syringes, hematocrit values were
measured, and samples were centrifuged at
25,000 x g for 10 min at 4 C. The plasma was
immediately frozen and kept at -80 C until
use. Lampreys were then transferred into the
diluted SW (1/3 SW) and kept for one day.
The salinity of the diluted SW was 11.13
practical salinity units. After blood sampling,
each gonad was dissected under anesthesia,
and the gonad somatic index (GSI) was
calculated by weight of gonad (g)/weight of
body (g) x 100 (%).

S0
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Fig. 1: Map of the area from which lampreys were collected
for the present study. This map is based on Digital Map 25000
(Map Image) provided by the Geospatial Information
Authority of Japan. Arrow: Machino River; A: Noto Marine
Laboratory of Kanazawa University.

Measurement of plasma CT-like substance by
ELISA

ELISA procedures have been described in
detail by Suzuki (2001). The detection limit
was 25 pg/ml. The specificity of the anti-
salmon CT serum (No. 626, Cosmo Bio Co.,,
Ltd.,
hormones (1-34 bovine parathyroid hormone

Japan) was checked using peptide

and human calcitonin gene-related peptide).
This antiserum did not cross-react with these
peptide hormones. Data of males and females
are pooled in the present study.

Statistical analysis

All results are expressed as the mean * SE
(n = 13). By transferring from FW to 1/3 SW,
the statistically significant difference between
the values of the control and the experimental
group was assessed by Student’s t-test. The
relationship of the plasma CT-like substance
with the GSI was examined using a linear
regression analysis. The significance level
chosen was P < 0.05.

Results and Discussion

Changes in body weight and hematocrit value
after transfer from FW to 1/3 SW

Following a transfer from FW into 1/3 SW, the
body weight (Table 1) decreased from 143.7 *
11.4 to 124.9 £ 9.0 (g), while the hematocrit
value (Table 1) increased significantly (P<
0.05) from 34.5 + 2.0 to 42.9 + 2.8 (%). As a
result of the transfer from FW to 1/3 SW,
changes in the body weight and hematocrit
value were 13% and 24%, respectively. These
results indicate that the lamprey was affected
by dehydration when transferred from FW to
1/3 SW.
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Table 1: Changes in body weight (g) and hematocrit value (%) when lampreys, Lampetra japonica, were transferred from
freshwater (FW) to diluted sea water (1/3 SW)

FW 1/3 SW The ratio of (1/3 SW)/ FW
Body weight Hematocrit value Body weight Hematocrit value Body weight Hematocrit value

No.1 109.4 43 96.8 51 0.88 1.18
No. 2 161.8 31 152.6 33 0.94 1.06
No. 3 142.8 36 123.0 51 0.86 1.42
No. 4 132.0 36 115.0 51 0.87 1.42
No.5 237.0 19 183.0 23 0.77 1.21
No. 6 186.0 36 160.0 50 0.86 1.38
No.7 102.0 31 80.2 44 0.79 1.42
No. 8 193.0 44 170.3 55 0.88 1.25
No.9 124.0 33 103.0 39 0.83 1.18
No. 10 90.4 24 85.1 28 0.94 1.17
No. 11 120.0 44 110.0 50 0.92 1.14
No. 12 128.7 34 118.3 41 0.92 1.21
No. 13 141.5 37 126.5 42 0.89 1.14

Mean * SE 143.7+11.4 34.5+2.0 124.9+9.0 429+28 0.87£0.01 1.24+0.03
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Table 2: Changes in plasma CT-like substance(pg/ml) when lampreys, Lampetra japonica, were transferred from
freshwater (FW) to diluted sea water (1/3 SW).

Fw 1/3 SW The ratio of (1/3 SW)/FW
No. 1 1199.4 4335.6 3.61
No. 2 112.8 1411.8 12.52
No. 3 948.6 5314.8 5.60
No. 4 282.6 1615.8 5.72
No. 5 271.8 2563.2 9.43
No. 6 776.4 2327.7 3.00
No. 7 628.2 1803.3 2.87
No. 8 41.4 247.2 5.97
No. 9 1397.1 5946.0 4.26
No. 10 192.3 1987.5 10.34
No. 11 1383.4 3103.2 224
No. 12 1410.6 32523 2.31
No. 13 1540.2 2831.7 1.84
Mean+ SE 783.5+1559  2826.2+4432 5.36 +0.95

Changes in the plasma CT-like substance after
transfer from FW to 1/3 SW

The level of a CT-like substance in lamprey
plasma was increased after the transfer from
FW to 1/3 SW (Fig. 2). A significant difference
(P < 0.001) was obtained between FW- and
1/3 SW-adapted lampreys. This substance
showed a 5.36-time increase (Table 2).

By transferring lampreys from FW to 1/3
SW, the CT-like substance in the plasma
increased considerably (Fig. 2). The increase
of this substance (5.36 times) was higher than
that of the hematocrit value (1.24 times) with
the dewatering of each lamprey (Tables 1, 2).
These results indicate that a CT-like substance
had been secreted from an unidentified organ
or cells.

Arginine-vasotocin, which is a neuro-

hypophysial hormone, is present in
representatives of all main groups of fish,

including cyclostomes (Bentley, 1998; Lane et

al., 1998; Suzuki et al., 1995), and is a diuretic
in FW teleosts (Maetz et al., 1964; Jones et al.,
1969; Sawyer et al, 1982). In the lamprey
(Lampetra fluviatilis), plasma electrolyte
concentrations were maintained well below
corresponding concentrations in the external
environment by kidney functions, such as the
glomerular filtration rate and water
resorption rate (Logan et al, 1980 a, b).
However, there were no differences in the
plasma levels of arginine-vasotocin in the
lamprey (Lampetra japonica) during the
transfer from FW to 1/2 SW, although the
contents of the pituitary gland declined in 1/2
SW (Uchiyama et al, 1994). In the lamprey
(Lampetra japonica), therefore, some points
remain unclear regarding the function of
arginine-vasotocin in osmoregulation. On the
other hand, the present study indicates that
the CT-like substance increased considerably

after transfer to 1/3 SW (Fig. 2). This result
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suggests that this substance is involved in SW

adaptation in the lamprey (Lampetra
japonica). Analyses of excretory organs such
as the kidney and gill on which this substance
possibly acted will provide some information

for the study of lamprey osmoregulation.
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Fig. 2: Changes in a plasma calcitonin (CT)-like
substance of lampreys transferred from FW to 1/3 SW.
*** indicates a statistically significant difference at p <
0.001 between FW- and 1/3 SW-adapted lampreys.

Relationship between the CT-like substance and
the GSI

There exists a significant correlation (r =
0.848; p < 0.01; n = 10) between the CT-like
substance and the GSI in males (Fig. 3);
however, the GSI could not be measured in
post-spawned females.

In the male sockeye salmon (Oncorhynchus
nerka), the plasma CT level increased during
spawning (Watts et al, 1975). In addition, it
was reported that CT regulates the secretion
of testosterone in rats (Wang et al, 1994). On
the other hand, in female eels (Anguilla
japonica), rainbow trout (Salmo gairdneri),
and brown trout (Salmo trutta), the increase
of plasma CT occurred before ovulation
(Yamauchi et al, 1978; Bjornsson et al., 1986;
Norberg et al., 1989). Furthermore, Greenberg
et al. (1986) demonstrated that, in rats,

estrogen stimulates CT secretion in thyroid
C-cells in vitro. The injection of estrogen
induced CT secretion in rainbow trout (Salmo
gairdneri) (Bjornsson et al, 1989), goldfish
(Carassius auratus auratus)(Suzuki et al,
2004), and stingrays (Dasyatis akajei) (Takagi
et al, 2019). Moreover, a previous study
(Suzuki, 2001) indicated that there was a
significant relationship between the CT-like
substance and the GSI in females as well as
males. Considering these results along with
those of the present study, we believe that this
substance has functions in
the maturation of both sexes in the lamprey
(Lampetra japonica) as well as in other

vertebrates. To elucidate the function of this

important

substance in the gonad, we plan to study the
cloning of the CT receptor in the lamprey
(Lampetra japonica).

2000 ¢
1750 F
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GSI (%)

Fig. 3: Plasma CT-like substance and gonad somatic
index (GSI) in male lampreys. The black circles indicate
each value of male lampreys. A significant correlation (r
= 0.848, p < 0.01) was found between the plasma CT-
like substance and the GSI.

In the present study, a CT-like substance
was detected in the plasma of the lamprey
(Lampetra japonica). A previous study
demonstrated that the molecular weight of
this substance was equal to that of salmon CT
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(Suzuki, 2001). In the plasma of the hagfish
(Eptatretus burgeri), a substance of the same
molecular weight has also been detected that
has been found to possess bioactivity in rats
(Suzuki, 1995). Therefore, these substances in
the plasma of the lamprey (Lampetra
japonica) and the hagfish (Eptatretus burgeri)
may be CT. To determine the nucleotide
sequence of these substances, genomic and
reverse-transcription PCR rapid
amplification of cDNA ends were performed
using several sets of primers. However, no
positive results have, thus far, been obtained.
Attempts are underway to purify the CT-like
substance from plasma and to determine its
sequence.

and

Conclusion

Lampreys (Lampetra japonica) hatch in FW
and then move to the sea. In this migration,
a CT-like substance might play a rolein SW

The timings at which CT-like substance
acts on lamprey in their life cycle

maturation
growth
Sw
— X [ CT-like
—like — | L b substance
| substance " FW hatch
spawning egg

Fig. 4: Physiological significance of a CT-like substance in the
life cycle of the lamprey. The timings at which CT-like
substance acts on lampreys in their life cycle are indicated.
Lampreys (Lampetra japonica) migrate from FW to SW after
hatching and metamorphose and grow up in the sea for
several years. Thereafter, they undergo a spawning migration
from SW to FW to complete the life cycle. A CT-like substance
may play an important role in the migration from FW to SW
and sexual maturation after migration from SW to FW.

adaptation. After a subsequent spawning
migration from SW to FW, this substance
appears to play
maturation. A previous study (Suzuki, 2001)
indicated that this substance was not detected
in the plasma of SW-adapted lampreys
(Lampetra japonica) just before the spawning
migration. In the lamprey life cycle, therefore,

some role in sexual

it is possible that this substance is synthesized
at a special time and plays some roles under
special conditions, such as migration and
sexual maturation (Fig. 4).
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