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Figure 1. Construction strategy and establishment of an AVP-hM3Dq-mCherry transgenic rat line. (A) A chimeric
AVP-hM3Dg-mCherry BAC clone transgene construct was purified for microinjections. SV40 poly A sequence was framed to the
hM3Dg-mCherry sequence. Finally, this hM3Dg-mCherry SV40 poly A cassette was introduced into the rat AVP gene in place of the
genomic start codon. (B) The mCherry positive neurons were observed in the suprachiasmatic nucleus (SCN, a), supraoptic nucleus (SON,

b), and magnocellular division of the paraventricular nucleus (PVN, c). Scale bars indicate 100 um.

Figure 2. Expression of Fos-like immunoreactivity (LI), hM3Dq-mCherry, and AVP-LI in the SON and PVN after i.p.
administration of CNO. (A) Representative image of an hM3Dg-mCherry neuron expressing Fos in the SON 90 min after intraperitoneal
(i.p.) administration of CNO (1 mg/kg). The mCherry positive neuron (a), Fos-like-immunoreactive (-LI) neuron (b), and merged image (c)
are shown. The surrounded white dotted line in merged image in the SON (d) is enlarged in panel e (e). Scale bars indicate 100 pm and 10
um. OT, optic tract. (B) Digital images of FIHC for Fos (a and ¢) and AVP (c and g) in the SON (a-d) and PVN (e-h) 90 min after i.p.
administration of CNO (1 mg/kg) are shown. Endogenous hM3DgmCherry fluorescence was also observed (b and f). Merged image of a-c
and e-g are demonstrated in d and h. Scale bars indicate 200 um. OT, optic tract; 3rd V, third ventricle
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Figure 3. Fluorescent intensity profile and FIHC for OXT. (A) Reconstructed 3D images of an AVP neuron in the PVN. Fos-LI (a),
endogenous hM3Dg-mCherry (b), AVP-LI (c). Merged image of a-c is shown in panel d (d). Scale bars indicate 20 pum. (B) Fluorescent
intensity was analised in cross section by using confocal microscope. Fos-LI was observed in the nucleus of an AVP neuron (a and e).
Endogenous hM3Dg-mCherry was located in the membrane (b and e) and AVP-LI was distributed in the cytoplasm (c and e). Merged
image (d). Scale bars indicate 20 pm. Fluorescence intensity profiles of Fos-LI (green), endogenous hM3Dg-mCherry (red), and AVP-LI
(white) were measured at the location of line (x-y) (e). (C) FIHC for OXT was performed in the AVP-hM3Dg-mCherry transgenic rat line.
OXT-LI (a and c) and endogenous hM3Dqg-mCherry (b and d) was observed in the SON (a-c) and PVN (d-f). Merged images in the SON
(c) and PVN (f) are demonstrated. Scale bars indicate 200 pm.
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Figure 4. Percentage of Fos induction and plasma AVP concentration. (A) Digital images of endogenous hM3Dg-mCherry neurons (a
and d), Fos-LI neurons (b and ¢), and their merged images (¢ and f) of the SON. The group given saline as control (CTR) (a-c¢) or CNO (1
mg/kg) (d-f) were compared. The percentages of hM3Dg-mCherry neurons expressing Fos-LI in the SON (g). (B) Digital images of
endogenous hM3Dq mCherry neurons (a and d), Fos-LI neurons (b and e), and their merged images (c and f) of the PVN. The percentages
of hM3Dg-mCherry neurons expressing Fos-LI in the PVN were counted manually (g). Scale bars indicate 100 pm. **P < 0.01 vs. CTR.
Data are presented as means = SEM (n = 6 each). (C) Plasma AVP was measured after i.p. administration of saline or CNO (1 mg/kg) (n
= 4-6 in each group at each time point). ¥**P < 0.01 vs. saline. Data are presented as means = SEM.
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Figure 5. Cumulative food intake, water intake, and urine volume after i.p. administration of CNO. (A) Effects of i.p. administration
of saline or CNO (1 mg/kg) on food intake in AVP-hM3Dg-mCherry transgenic rats at 0 h, 0.5 h, 1 h, 2 h, 3 h, 6 h, 12 h, and 24 h. Data are
presented as means == SEM (n = 6 each). **P < (.01 vs. Saline. (B) Effects of i.p. administration of saline or CNO (1 mg/kg) on water
intake in AVP-hM3DgmCherry transgenic rats at 0 h, 0.5h, 1 h, 2 h, 3 h, 6 h, 12 h, and 24 h. Data are presented as means &= SEM (n=6
each). **P < 0.01 vs. Saline. (C) Effects of i.p. administration of saline or CNO (1 mg/kg) on urine volume in AVP-hM3Dg-mCherry
transgenic rats at 0 h, 0.5 h, 1 h,2 h, 3 h, 6 h, 12 h, and 24 h. Data are presented as means == SEM (n = 6 each). **P < 0.01 vs. Saline.
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Figure 6. Percentage of Fos induction in mCherry neurons after i.p. administration of CNO in the SCN. (A) Digital images of
endogenous hM3Dq mCherry neurons (a and d), Fos-LI neurons (b and e), and their merged images (c and f) of the SCN are displayed.
The group given saline as control (CTR) (a-c) or CNO (1 mg/kg) (d-f) were compared 90 min after i.p. administration of each compound.
Scale bar indicates 100 1 m. (B) The percentages of hM3Dg-mCherry neurons expressing Fos-LI in the SCN were counted manually. **P
<0.01 vs. CTR. Data are presented as means = SEM (n = 6 each).
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Fig.7 Fos induction was not observed after i.p. administration of CNO in wild type rats. (A) Digital images of Fos-LI in the SCN,
SON, and PVN which were obtained from 90min after i.p. administered saline or CNO (1 mg/kg) in adult male non-transgenic Wistar rats
and AVP-hM3Dg-mCherry transgenic rats (n=3each). Scale bar indicate 200 um. (B) Quantitative analysis of number of Fos-LI neurons in
the SCN, SON, and PVN. Fos-LI neurons were manually counted in three cross sections (six nuclei including right and left) of the each

nucleus and the results were averaged. **P<0.01vs.all other groups. Data are presented as mean = SEM (n=3, each).
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Fig. 8 Plasma AVP concentration after i.p. administration of CNO in wild type rats. Plasma AVP concentration were comparable for
180 min after i.p. administration of saline or CNO (1 mg/kg) in adult male non-transgenic Wistar rats. Data are presented as mean £

SEM (n=3 in each group at each time point).
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Fig. 9 Lp. administration of CNO did not affect food intake, water intake, nor urine volume in wild type rats. Saline or CNO (1
mg/kg) was i.p. administered at 19:00 (start of a dark cycle) in adult male non-transgenic Wistar rats (180-210 g). Cumulative food intake
(A), water intake (B), and urine volume (C) were comparable between saline group and CNO group for 24 h. Data are presented as mean
+ SEM (n=5-6 each).
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Fig. 10 Locomotor activity and body temperature after i.p. administration of CNO in AVP-hM3Dq-mCherry transgenic rats. Nano

tag (KISSEI COMTEC, Japan) was intraperitoneally implanted 2

weeks before the experiment. Saline or CNO (1 mg/kg) was i.p.
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Summary

A neurohypophysial hormone, arginine vasopressin (AVP) as well as oxytocin is known to an anti-diuretic
hormone because AVP acts on V2 receptor in the kidney and reabsorb water in the systemic circulation. AVP is
main regulatory system to maintain water balance via the central nervous system. The magnocellular
neurosecretory cells (MNCs)-synthesizing AVP locate in the paraventricular nucleus (PVN) and the supraoptic
nucleus (SON) of the hypothalamus, terminate their axon terminals to the posterior pituitary, and secrete AVP into
the systemic circulation with depending on the firing rate of MNCs.

Recent development of chemogenetic techniques as well as optogenetic techniques have made a progress to
understand the neural circuits in the central nervous system. In particular, these techniques have been widely
used to understand the linkage between neuronal activity and diverse behaviors. Designer receptors exclusively
activated by designer drugs (DREADDs) are the most common G-protein coupled receptors (GPCRs) used in
chemogenetic approaches. = Human muscarinic acetylcholine receptor (hM3Dq), of which ligand is
Clozapine-N-oxide (CNO), is one of the pharmacologically modulated GPCRs which enables us to exploit Gq
signaling pathway.

We generated a novel transgenic rat line which expresses both hM3Dq and mCherry fluorescence specifically
in AVP-synthesizing neurons. The mCherry neurons that indicate the expression of the hM3Dq gene were
observed in the PVN and the SON. The hM3Dg-mCherry fluorescence was localized mainly in the membrane of
the neurons. The mCherry neurons were co-localized with AVP-like immunoreactive (LI) neurons, but not with
oxytocin-LI neurons. The induction of Fos, which is the indicator for neuronal activity, was observed in
approximately 90% of the AVP-LI neurons in the PVN and the SON 90 minsafter intraperitoneal (i.p.)
administration of CNO. Plasma AVP was significantly increased and food intake, water intake, and urine volume
were significantly attenuated after i.p. administration of CNO.

This novel DREADDs transgenic rat line that expresses the AVP-hM3Dg-mCherry fusion gene promise the
future to provide new insights into the neuronal mechanism regarding AVP system responsible for the central

regulation of sodium and water balance in whole body.



