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Abstract: To examine the neurophysiological regulation of squid chromatophores, an in vitro bioassay system was
developed using the epidermis of the bigfin reef squid Sepioteuthis lessoniana. The squid epidermis was sectioned
under anesthesia with 0.1% ethanol and stretched over a kimwipe soaked with artificial seawater. In cephalopods,
chromatophores have three types of pigments: orange, yellow, and dark brown; however, only chromatophores
with dark brown pigment were analyzed in this study. After stabilizing the contraction-relaxation movement of the
chromatophore, the following bioactive substances were added to the separated epidermis: acetylcholine, o.-
melanocyte-stimulating hormone, and noradrenaline (each 1 mM); and the chromatophores’ movement was
observed under a microscope while taking videos. The video-based analysis of squid chromatophores indicated that
acetylcholine and a-melanocyte-stimulating hormone had no effect on the squid chromatophores movement under
present conditions. Conversely, noradrenaline (1 mM) promoted contraction-relaxation squid chromatophores’
movement. The accelerated movement of chromatophores was inhibited by the addition of yohimbine (1 mM) but
not by propranolol (1 mM). To the best of our knowledge this is the first report determining that noradrenaline
promotes contraction-relaxation movement of the chromatophore via o.-2 receptors in the bigfin reef squid because
yohimbine is known to be an a2-adrenergic receptor blocker. In current study, squid chromatophores responded
well to bioactive substances including inhibitors. Collectively, our in vitro bioassay provides an effective model to
investigate the mechanism of contraction-relaxation movement of squid chromatophores.

Keywords: Squid chromatophore, In vitro bioassay, Noradrenaline, Yohimbine, Acetylcholine, a2-Adrenergic
receptor

Citation: Kame Masato, Hatano Kaito, Urata Makoto, Takahashi Tomoki, Hirayama Jun, Sekiguchi Toshio, Rafiuddin

961


http://www.ijzi.net/

Ahya Muhammad, Matsumoto Kyoko, Sakatoku Akihiro, Nakamura Akinori, Matsubara Hajime, Srivastav Ajai K. and
Suzuki Nobuo: Development of an in vitro bioassay system to examine the effects of bioactive substances on the
chromatophores’ movement using the epidermis of the bigfin reef squid Sepioteuthis lessoniana. Intern. ]. Zool.

Invest. 9(1): 961-967, 2023.

https://doi.org/10.33745 /ijzi.2023.v09i01.106

@ This is an Open Access Article licensed under a Creative Commons License: Attribution 4.0 International (CC-BY). It
allows unrestricted use of articles in any medium, reproduction and distribution by providing adequate credit to the

author (s) and the source of publication.

Introduction

The squid giant axon has
neurophysiological studies and contributed to
neurotransmission  through  calcium  and
potassium channels (Katz and Miledi, 1967;
Dipolo, 1974; Griggs et al., 1996). Additionally, the
neurotransmitters such as acetylcholine and
noradrenaline are highly contained in the squid
ganglia (Lam et al., 1974; Juorio and Barlow, 1976)
and regulate their behaviors (Jozet-Alves et al,
2012; Thomas et al, 2021). Therefore, these
neurotransmitters play a significant role in the
neurophysiology of squids.

been used for

Conversely, the squid chromatophore has a
specific structure in which the pigment-containing
sac (elastic sacculus) gets stretched with the
contraction of muscle fibers (Loi et al, 1996;
Mattiello et al, 2010; Williams et al, 2019). This
special structure allows the squid to immediately
change its body color (Mattiello et al, 2010;
Williams et al, 2019). The movement of squid
chromatophores has reportedly been regulated
by neurotransmitters, acetylcholine,
glutamate, and peptide hormones (Loi et al., 1996;
Mattiello et al., 2010). Previous studies reported
that glutamate (Mattiello et al, 2010) and o-
melanocyte-stimulating hormone (Loi et al., 1996)
chromatophore expansion in the
cuttlefish Sepia officinalis. However, the detailed
these
mediated by receptors has not been investigated.

such as

induced

mechanism of bioactive substances

This study is focused on the bigfin reef squid
Sepioteuthis (Fig. 1), whose
chromatophore contraction-relaxation continues
for a relatively extended period (at least 4 h) after
being taken out from seawater (supplementary

lessoniana

video S1). Using this squid, an in vitro bioassay
system was developed to investigate the effect of
bioactive substances such as acetylcholine,
noradrenaline, and

hormones on squid
receptor-mediated effects of the o2 blocker
(yohimbine) (Jabir et al, 2022) and (32 blocker
(propranolol) (Han et al., 2016) on chromatophore

movement were examined.

a-melanocyte-stimulating
chromatophores. The

Materials and Methods
Animals:

The bigfin reef squid S. lessoniana (Fig. 1) were
collected via fishing at Tsukumo Bay in Noto
Peninsula, Ishikawa Prefecture, Japan. Since our
facility faces Tsukumo Bay, the squids we caught
were reared and acclimated for 3-6 h in our
facility’s tanks before being used for our
experiments.

Fig. 1: Photograph of the bigfin reef squid Sepioteuthis
lessoniana

This study was conducted in strict accordance
with the recommendations in the ethical
guidelines of Kanazawa University. All the
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experiments were performed under anesthesia to
minimize pain and discomfort.

Reagents:
Acetylcholine chloride, L-noradrenaline,
yohimbine hydrochloride, and propranolol

hydrochloride were purchased from Wako Pure
Corporation (Osaka, Japan). «-
melanocyte-stimulating hormone (Sigma-Aldrich
Inc, St. Louis, MO, USA) was used in our
experiments.

Chemical

Development of an in vitro bioassay system using
the epidermis of the bigfin reef squid to observe the
chromatophores’ movement:

The squid epidermis dissected out
(approximately 1.5-2 cm?) under anesthesia with
0.1% ethanol and stretched over a kimwipe
soaked with artificial seawater (Allen seawater:
NaCl 3%, MgS04+7H.0 0.358%, MgCl:-6H:0
0.272%, CaClz-2H;0 0.06%, KCl 0.039%, NaHCO3
0.01%) (Suzuki et al, 2016). After letting the
movement of the chromatophores stabilized,
bioactive substances were added to the separated
epidermis and the contraction-relaxation
movement of the chromatophores was observed
and video recorded under the microscope
(SMZ745T-1K, NIKON Corporation, Tokyo, Japan)
using a camera (FLOYD, WRAYMER Inc., Osaka,
Japan). In cephalopods, chromatophores have
three types of pigments: orange, yellow, and dark
brown (Loi et al, 1996); however, only dark
brown chromatophores were analyzed in this
study.

was

Effects of bioactive substances on chromatophore
movement with an in vitro bioassay system using
the epidermis of the bigfin reef squid:

After letting the contraction-relaxation movement
of the chromatophores stabilized, their movement
was counted before adding the reagent for 10s
Thereafter, the
chromatophores’ movement was counted every

by video-based analysis.
30s until 290s after adding each reagent. In each
experiment, we focused on three chromatophores
each

and calculated the number of times

chromatophore moves per 10s.

Based on the above procedure, the effects of

bioactive substances on chromatophore
contraction-relaxation movement were examined.
Acetylcholine chloride, L-noradrenaline,
yohimbine hydrochloride, propranolol

hydrochloride, and a-melanocyte-stimulating
hormone were each diluted with distilled water to
1 mM and were added to the epidermis containing
the chromatophore. Firstly, the effects of
acetylcholine chloride, L-noradrenaline, and
o-melanocyte-stimulating hormone on
chromatophores’ movement
Secondly, the inhibitory action of blockers
(yohimbine hydrochloride and propranolol
hydrochloride) was analyzed by simultaneously
adding blockers to the above reagents.

were examined.

Results

Effects of acetylcholine and a-melanocyte-
stimulating hormone on chromatophore movement
in the bigfin reef squid:

The
chromatophores by acetylcholine and «-
melanocyte-stimulating hormone was counted by
video-based analysis. As a result, no changes in the
chromatophores’ movement were observed by

contraction-relaxation  frequency  of

adding either acetylcholine (1 mM) or a-
melanocyte-stimulating hormone (1 mM) as
shown in Figures 2 and 3, respectively.

Effects of noradrenaline on
movement in the bigfin reef squid:

The chromatophore adding
noradrenaline was examined by the video-based
analysis and it was found that noradrenaline
promoted the contraction-relaxation movement of
chromatophores in the bigfin reef squid (Fig. 4).
By adding noradrenaline (1 mM), chromatophores
in the squid
contraction-relaxation movements than before
adding noradrenaline (supplementary video S2).

chromatophore

movement by

bigfin reef showed intense

Analysis of noradrenaline action on chromatophore
movement with blockers:

In order to investigate the action mechanism of
noradrenaline, the
(yohimbine and propranolol) were examined. It

963
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Fig. 2: Changes in frequency of contraction-relaxation by adding acetylcholine (1 mM). The frequency of
contraction-relaxation of the chromatophores per 10 sec was counted. All results (n = 3) are expressed as means *

standard error.

35 A
30 4
25 A
20 A
15 A

10 4

Frequency of contraction-relaxation

Fig. 3: Changes in frequency of contraction-relaxation by adding a-melanocyte-stimulating hormone (1 mM). The
frequency of contraction-relaxation of the chromatophores per 10 sec was counted. All results (n = 3) are expressed

as means * standard error.

inhibited
movement of

was found that  yohimbine
the contraction-relaxation
chromatophores (Fig. 5, supplementary video S3),
whereas affect the
chromatophore movement (Fig. 6, supplementary
video S4).

propranolol did not

Supporting Video information:

Supplementary video associated with this article
can be found at following link:
http://ijzi.net/Chromatophores.html

Discussion

In this study, an in vitro bioassay system was
developed using the epidermis of the bigfin reef
examine  the

squid S. lessoniana  to

neurophysiological regulation of squid
chromatophores. This bioassay was evaluated by
of the

movement of the chromatophore and counting the

taking videos contraction-relaxation

frequency of these movements.
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Fig. 4: Changes in frequency of contraction-relaxation by adding noradrenaline (1 mM). The frequency of
contraction-relaxation of the chromatophores per 10 sec was counted. All results (n = 3) are expressed as

means = standard error.
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Fig. 5: Changes in frequency of contraction-relaxation by adding noradrenaline and yohimbine (each 1 mM)
simultaneously. The frequency of contraction-relaxation of the chromatophores per 10 sec was counted. All
results (n = 3) are expressed as means * standard error.

Using our in vitro bioassay with squid
epidermis, the influence of acetylcholine and
a-melanocyte-stimulating hormone on
chromatophore movement was investigated.
Acetylcholine and  o-melanocyte-stimulating
hormone did not influence chromatophore
contraction-relaxation movement under the

present conditions in the bigfin reef squid. The
chromatophore of the European common squid
Loligo vulgaris was expanded by acetylcholine (1
uM) (Smotherman, 2002). The chromatophores of

cuttlefish Sepia officinalis were also expanded with
the treatment of o-melanocyte-stimulating
hormone (100 pM) (Loi et al, 1996). Different
squid species may respond differently
chromatophores’ movement. Notably, we found

to

that noradrenaline promoted the contraction-
relaxation movement of chromatophores in the
bigfin reef squid. To the best of our knowledge,
this is the first report showing that noradrenaline
affects the contraction-relaxation movement of
squid chromatophores. Moreover, this is the first
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Fig. 6: Changes in frequency of contraction-relaxation by adding noradrenaline and propranolol (each 1 mM)
simultaneously. The frequency of contraction-relaxation of the chromatophores per 10 sec was counted. All

results (n = 3) are expressed as means * standard error.

study demonstrating that yohimbine inhibits the
chromatophore movement, whereas propranolol
does not affect it (see videos in supplementary S3
and S4). Since yohimbine is known a2-adrenergic
receptor blocker (Jabir et al, 2022), this study is
the first to determine that noradrenaline
promotes contraction-relaxation movement of the
chromatophore via a2 receptors in the bigfin reef
squid.

As compared to other squids, the
chromatophores of the bluefin reef squid more
frequently moved and contraction-relaxation
movements were repeated. The muscles of
chromatophores in the bigfin reef squid are
probably highly developed than those of other
squids, and thus we plan to conduct a detailed
of the

chromatophores in the bigfin reef squid in future.

analysis morphological structure of

Conclusion

In the bigfin reef squid S. lessoniana, noradrenaline
promotes contraction and relaxation movements
of chromatophores via aZ-adrenergic receptors
using the bioassay system developed in our
laboratory by video-based analysis. This in vitro

bioassay provided an effective model to
investigate the mechanism of movement of squid

chromatophores.
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