Bipk&5 0840

UK AR T F R DI RLeF D4y 1AW i r 5

R S, R OHDE

IR RS2 E RN R AR AL AR N o W B o B

B ZE [EW] AR 79K Céhd NERP (NeuroEndocrine Regulatory Peptide) |3 AR TR LB IO
SR O FARPEMEAR R Sy W= 2 — a1 THIRR AR /LEL (AVP) EAEL . AVP a3 2 A B G AT F R T D
ZEA A LTz (JBC 282, 26354, 2007) . 4 [E], NERP D AVP Z3i il v 4 fitir L=,

[FEERER] T MMAT A AREARZ AW TR EAZ KRR W= o — o O B )7 2 1% Bt (EPSCs) 12
] BT UXF T (AL BEONERPs D& %S F 770 FIEICIORRET LIz, TTX JEFE FIZ3V T NERPs
HUM$ 5-C EPSCs (X2 b L7 27275 All #5128 TEBE IS (F5% M) EPSCs OSEEHEINIE NERPs #ANIZ &Y
PS4, TTX F77E FCiE ALL 555810 EPSCs O SIS NIE NERP-1 £ 5- TS 417223, NERP-2 ClXZ il %)
R LT, TTX IETFAE FC GABA (A) BRI EAITHS bicucullin OFTEEGIZED Al 3% EPSCs O4H I
NNz A% NERP-2 OEFHATERLIZ, NERPs D7 /L2 (Glu) i HHIHIVE A 2 835720 7y M=K
INEHT 7 B —7 %4 AL T Glu U ORI b2 ETL 72, NERPs (X Glu it Z 80 9-%5% . NERPs @ C 3237
IRRTZ2U Y NERPs-Gly (21E Glu A i E A 372 ZEBYEMEOFBUC C 3D T IN{ED M Th o7,

[#E5m] NERP-1 13377 AR Glu #HR, NERP-2 |37 7 AR Glu A RIZHERS 9% GABA {EEIMEMfE==

—AMERIL T, T T ARHERD DD Glu FHH 2L . AVP 25z 3 5 Z L AVRIR S Lz,

1. R

BT PSS T FROFE UL, ERORF2
it « il TR AS OO %8 RIS RO AR ENL 7232
Wik TR L D BASE . - 7o TSR IS I SR N
WEAE LT RIBEA~ LR CTE 5, UL, ZO% I
MO CHREECHY, A—7 7 GPCR OUH U REEHEEIL
U A OIFENRBLITNDD, RN FEENHIL
FEEVRIUC DD, ENLAEBR AR B & — AP SE T 3B
H O A2 K FEEOIX, M, MR EET LT TR
D—FFRITEAT, WIET DT FRiEE I Zn 7 kL
Tet% . Z ORISR SIS E AR TF
NMgffiz R 3 IEZ BT L CE 7o, AEZENHUIRREE
BRI R S L7 R b A LB 2 b
T HED T F KA NERP (NeuroEndocrine Regulatory
Peptide) Tdro7c, HEREMEMNT 21T 75 . NERP [ L7
R FE O BTy T Ly (AVP) LR DT

JEAERLIZ JITEL AVP Sy Wa N3 A8 /e Az B %
BLTW= D) ARHFZE T, B - EAHERE 7 TR
TH% NERP DT b FWT-HEEERRNT S ML T D
NERP DA AL,

2. ARAE
2.1 8 %

FERENMWY LT 8~10 R Wistar 527~ (B AT
YLK UN—(B), W) & Wz, iR EE—E
(RSB 12 BFRT (08:00 - 20:00) | BEHA 12 KR
(20:00 - 08:00) Y1 7L DES RO — I B HiBEE-
HHEAK T CTHE LTz, EREBIERFDOT Y b ~DAR X
RS2 HIN T, 7y hOBIMLEREE B B To7-, B
FERIZBEL TN m B L B2 0K OKGRE = 108)
15T, YRR COBY) EEBR ISV B =
ORI IS T T o7,
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2. 2 Invitro hypothalamic explants ZFL\f= NERP @
NI TLy s (AVP) 7 iR ERE F D& 5t

Static incubation ZEEHRICHEVMTo7= P, H K -5
BT D 8~10 HHinD Wistar RHEZ <~k (n =3 per group) %
FET 11 RRICHTEAL . =65 E% (PVN) B L O R L%
(SON) ZE eI AT A A& AL | 3 mm EEDE)ET
PVN 3L SON &/ 30 F 7 7 MU Z A 4372, PVN $5
L SON @ LethiitzaZ 2 37°C. 95% Oy 5%
CO, THiricmx Lz N T3 ik (aCSF, containing
124 mM NaCl, 5 mM KCIl, 1.3 mM MgSO, 1.24 mM
KH,PO,, 2 mM CaCl,, 25.9 mM NaHCO;, and 10 mM
glucose, pH 7.3) Tl 7z L7z v —LAZH 1 REfEFE L 7=,
24 RO¥EFETL—MT aCSF 800 uL Zii7-L . % well |2
A 6 B —A T OB LI, medium (27 XA T
> II(AII) & NERP(NERP-1 & NERP-2, NERP-1-Gly &
NERP-2-Gly) D {EHREEA 10° M L7020 e DA
HOEHET 5 43 FHREL 72, NERP <2 All %3 Loyl L
5 53D aCSF Zl3&Aadifse L THIBAL . medium (TAH
L2 BRI L 72 N KO [EIR L 72, EERAE T RIS
KC1(6 x 10 M) OVE CHRIPEL . 8§% T O viability % e
BTz, EREOWETRFERRIL 5 75 8 [HI#R0IRILAT -7,
2. 3 Invivo microdialysis &% FL‘l= NERP 0% JLAZ

VEE I ERET DARET

TN N BT FEBR 1 (microdialysis 1) 1ZREHR D )51
IRV T -T2 Dy R 7 — LR (40 mg/kg) TICHME
ALEEELEE (2T MNEER A [EE L Microdialysis IO A
R ==—1 (4% 0.5 mm) 27 MM T h 72D 12he0, £
FEEEO 1 mm ESGIRE - EE LT, BRI TIRICHA
NI =2 —L O AMLEZR D cresyl-violet YLt
TR FHIICHERR L . U ESNTT v DT —HD
HAEREHTIZ V2, Microdialysis FHO ARG =a—L4f
ARRZ, BN GO BT — 7 VR E I -
EELT, ite 7 B OEHEHIFO% , 1TTENZZR DI
Ty EBRICH W, FEERY B AT 10 K2,
Microdialysis D7 0—7% 4L CU> 7 Vi (147 mM
NaCl, 4 mM KCl, and 2.3 mM CaCl,, pH 6.5) T PVN D
T (PREIE AR 7 % VT 2 pl/min OFE) ZBHIELT-,
) 3 EFE OV AAT > 72#% . NERP (1 nmol/3 pl) . All
(0.1 nmol/3 ) ZMH=EPNIZ#5-(n =10 - 12 per group) L,
PVN 2B Z 10 02 &IZEULL 72, NERP &2

7' FRE AL(0.1 nmol) Z [FIRHI M E NI B G- D561
NERP 255628 5-L, NERP ¢ 5-2 431% 12 Al 8% 5-L 7=,
50 3 DIERZ W CEREL T 3 BIM=ENICT AT S
Ra4 5L, PVN 2bOWET KA RN L7z, B L7
K7 VEI YR EE % HPLC-ECD (Eicom) (2 CHIEL
7
2.4 IXYFYFUTEERNZ AP Za—arvANE
RgEO®EE

Ry F U7 T W T B R A BT 1 BEH
DIFIEHENT 2Tz Dy R T 2 — VIKEE FIZT v ho
SON } LU perinuclear zone % 1 T 27 M{ AT A AREAR %
YERL, VEAEICEEL, 95% O 5% CO, TH43ITi
RUTE N LIMERER TR L CHEREITR -7, BB
v 7 A% & (EPSC) 36 L O M2 7 7 2 4% HE i
(IPSC) D> F 7 A& F K (pipette solution containing
140 mM potassium gluconate, 1 mM MgCl,, | mM CaCl,,
10 mM EGTA, 2 mM Mg-ATP, pH 7.3) Tlifi/= L7t~k
2L TR R ICaMEA R W= o — bRk
L7z, NERP (3 AIL TR 2 2 25 ST HICHINL |
DiaEb 10 syMGEeEk L7z, Wbk O okl B I
NERP 75 10°® M. and AIl 7% 107 M &L7=, TTX(10° M,
Sigma) %7213 bicuculline methiodide (10° M, Sigma) |
PRSHBRBAARD 5 5y BNV P IRINL > T 7 AL %
ALK,
2.5 FEETCOSRERIGEBKARIONERPDEE)

= OBk CRKFEE 5 380) CRFIIIL, LETA
NDRIEHAFTMET FVE(6 4, 24 035 34 5%, VL)
26.3 %, BML: 20.2 - 25.5) 12 5% iR A K AR5
(5% = IR B /K S % 0.05 ml/kg 1A B /45 D33 JEE T 2 B
IREARPIC B B URRIRF IR UML) 2 T L 72, PR 8 Iy
(V—PZREPRL  ZCHR DFRT 9 BRIZ 5% MRk
ZHRGRRMRLIZ, #5450, 15, 30, 60, 90, 120 73 #&(ZHiifi
(CREE LT — DD AR AZR R | 33 D47 BfER 0D if.
Ry % SepPak THyBiE- IR L 72, NERP |3 H FERE
RV a—F VLR % V2 RIA (Radioimmuno assay)
£, ML AVP |3 RIA (Mitsubishi Chemical, Tokyo,
Japan) & W CE R E 2RI E LT,
2. 6 fREtALE

HFHIT-5E BT means £ SEM TEREL L=, SEHENTIZ
ANOVA and post-hoc Fisher's test 2\, f&lf=£ 0.05 LA
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TEAEAEDVELZ,

3. EMHER

3. 1 Invitro hypothalamic explants ZFiL‘/= NERP O
NI TLws (AVP) 5 bR ETE A DR ET
(Fig. 1)

NERP DR FHEIA~DEBERHAZHGIT 5720,
PR FHED PVN 3L SON Oik%% /= in vitro
assay 52 C NERP O AVP Wil RatgatLiz, 23
FT IR THRLIVT AR T EHLRR A D DAT 4T LT
WS D AVP ZiE @ LTS AL NERP-1 3 U NERP-2
V&, B DO AVP I IO AT
I MR &S AVP 3z il 7z (Fig. 1A, 1B).

A
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Ll FETIRIKRTHS NERP-1-Gly, NERP-2-Gly (%,
AVP Sy E 2588 720 -7 (Fig. 1A, 1B), UK T
AR SR _ R ORRR T A O TR TIC 38U T . NERP-1
EIRERIC AVP EfE WS IO AT v RIS
X2 AVP ZyibEmHl L7223, JET7IRIKTHD NERP
-1-Gly. NERP-2-Gly TiI##iltEmIE727 7= (Fig. 1C,
1D), & T RN KC1 FREIZEY mediuym H1Z AVP
DN A, BRI AL D viability 23
ST,
3. 2 Invivo microdialysis ;%% L /= NERP D% JLAZ
BRI ERETDRET (Fig. 2)

NERPs D7 /L2 RIS E R 2 MG 5720

Ty NEZII BT A e — 7 E AL T HI

B
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1 1 1 1 1 1 1 1 1 1
NERP-Z sl 1 1| o 1 1 1
NERP-2-Gly | | b L 1D
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Al e Lo
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A i P
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Fig. 1. NERPs suppress vasopressin secretion from PVN and SON explants. Black, grey, shaded, and white bars indicate the
NERPs, NERPs-Gly, All, and KCl administration periods, respectively. *P < 0.05, **P <0.01, NS; not significant.
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Fig. 2. Suppression of glutamate release from rat PVN by
icv. administered NERPs in in vivo microdialysis
experiments. An icv administration of AIl robustly
increased Glu release from the PVN compared with control
vehicle administration (AIl, 81.7 £ 10.1 pmol/10 min;
vehicle, 2.4 = 0.2 pmol/10 min, n = 10 per group, P <
0.001). This stimulation was significantly suppressed by icv
injection of NERP-1 and NERP-2, but neither NERP-1-Gly

nor NERP-2-Gly was effective. **P < 0.01.

R DRI LA MR LT, FERIERE 10 Syl
VAL BED R EOREXHEIX 2.1 £ 0.3 pmol/10 min T,
AT1(0.1 nmol) IMEN & G-4% D7 NHI D #iT
50.8 + 17.0 pmol/10 min EEEHRDIDITHEITHINLT,
NERP-1, NERP-2 D= N 1%, FlR TR0
O Al JI#% 7 VATt 2 A B (Fig. 2),
NERP-1, -2 O7 V2l NERP-1 T
19.2 + 9.6 pmol/10 min, NERP-2 T 34.8 + 1.4 pmol/10
min &, NERP-1 O3 NERP-2 K06 58 ) Tho7-, —
75 NERPs @ C 3ii23 7 IR{AT72\ y NERPs-Gly (21327 /v
IR BRI ER 13 72<. NERPs D27 /L2 g i
PIHIERNC C 3D T INEARMIA TH T2,

3.3 NyFISUTFEERA AVP —a—O ~D1E

B DRET (Fig. 3)

T NIMAT A AREAR % FA TR R % ORI i 1 A
YW= —r OB T A% Bt (EPSCs) (2%
% All BLUO NERPs DR RE/ Sy F 77 THEIZIORR
FtL7c, TTX JEMF/E FIZH VT NERPs B £ 5. C

EPSCs (FZA(bL7eino72h3, All 512 L- THERIND
(FBFEME) EPSCs DAHEEHENIL NERPs £ 512 L0 il &
7= (Fig. 3A, 3C), NERPs @ C S8 7 IR T
NERPs -Gly (2%, AIl &% EPSCs 48  HEINVE
ILRD 272 (Fig. 3B, 3D), TTX 17E FTiE All 7%
F&ME EPSCs OSEEHINNIE NERP-1 £ 5- TRl S 7=03,
NERP-2 TlIZ D i 2h 25 & L7z (Fig. 3E, 3F),
TTX FEMF7E F T GABA (A) X RIEHEFEHR TH S
bicucullin DR H-12L0 ALl # % PE EPSCs 5 i 14
495 NERP-2 OFERANH LT (Fig. 3G, 3H),
LU EDFE RS NERP-1 (33T 7 AR S V23 R
F&R . NERP-2 |33 F 7 RHI 7V Z I FR iR & R I E
#6595 GABA 1EEMENE=a— 1 AS/EFL T 7
ARTERINOD T NZI TR 2 EHIL . AVP 53 %
P22 EAVRIE ST,
3.4 BEETOEEREEBIEKATHEONERPDZEE)
(Fig. 4)

F RIS L THBILZEd NERP-1, NERP-2 Hifki%,
C 3237 IN{bE 7= NERP Z R A CRRGHR L 72, s Ak
N B Rl 22 JE R ISR ML | 15D iE% SepPak
JVER USRS R LT R R D — % RIA JECHIELT-, fE
BN B R ZE G NERP-1, -2 OIf F# I, <
NE3.5+1.0L2.0+0.4 fmol/ml TIH-7-, RIA HE4H
Ir i 7z HPLC fRMT 21T o745 8. L4 NERP |3t
A NERPs 7' F R HERAL O ATk I E 4L, oo K
S5 F RN IER 22735 7= (data not shown) . &5 BEIZ 5%
R R K AR T T U7 R, BE O IO @k
FHKICID ML AVP 134 ZITHIN (501 0.8 + 0.2
pg/ml, Bff 2 BEfEIf 5.7 + 1.5 pg/ml, P <0.01) L7z, I+
NERP-1,-2 [FEBITIK FL AVP S B2~ I A 13
ST, WP E 22258972 - 7= (P H, NERP-1,
0.081; NERP-2, 0.28, vs 120 min) ,

4.% g

NERP OFISAEAZ=T—R T 5 vgf B FIE, #REE
Ji% & [K-¥- (NGF) % rat pheochromocytoma PC12 ffif| 2%
MU SN DB IE - L L CRIESNZ ¥, VGF &
A% 617 EOT/iEAGY, PC12 MIJZATIE dense
core granules (ZJR7EL . FREIES M4 (regulated pathway)
THWRI DS N DL HESN TS 7Y,
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Fig. 3. NERPs suppress the frequency of All-evoked EPSCs in vasopressin neurons of rats. Representative whole-cell
patch-clamp recording showing the inhibitory effect of NERPs on All-induced potentiation of EPSC frequency in SON
vasopressin neurons (Fig. 3A, 3C). NERP-1 and -2 reduced the frequency of All-evoked EPSCs without altering their
amplitude. Neither NERP-1-Gly nor NERP-2-Gly was effective (Fig. 3B, 3D). This suppressive effects of NERP-2, not
NERP-1, was abolished by TTX and bicuculline, a GABA 4 receptor antagonist (Fig. 3E - 3H).
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Fig. 4. Effect of peripheral high salt loading on plasma concentration of NERPs in human. Six normal subjects were

subjected to high salt loading test to examine the effect of changes in plasma levels of NERPs on the response of an osmotic

stimulus (5% NaCl, 0.05 mL/kg/min, 120 min). Plasma osmolality and plasma level of AVP increased during the osmotic

stimulus, but the plasma levels of NERP-1 and -2 did not change.

VGF % 11 prohormone convertases (Z SV PRSI DH
FMET BB A A AL, B2 OEBRIEERT TR
DRI EATHLEEZLNTND ), BIEETIC,
VGF HiBRIAZE (3 3k TLQP-62 X° AQEE-30 ~<7F K
X7 NG AT A A% WA C 7 AT Eh A 15 1
bT5ZL 10 M D VGF BT FR AT LY
A~ — IR A RAPED TR B~ — 1 —Th oz e
12 AQEE-30 ° LQEQ-19 X7 F RI%T MEREREICBE 5-
FTH2E P BRI TS, Bl VGF BIBEAE A H
S TLQP-21 M7y MIBW TR - =3 /L X — 3
IR -9 528 9, VGF #fs 1 KA~ ADRITN
VGF AT AEREATHZEDNHESNLTND Y,
K BAEAHTEE VGF EOBREIZBEL T, 7y MAK
THERD vof AR BRI L SR BT H L3
w1 xnsh, K- ERENRSEHOABEEEE TS
VGF BT FRIIRFE CThH-T,
BfEFCICmESN WD VGF BT FRIEIT/
FEBL SN BAFTEDHEE S NLD T F R Th o7 M
(FiR72E THRRL RIESNTHDPIHY) , T FROE
% BERE DI BLDT-DIZIX S MERHID DI Tl CE7R
VR BRI EIT-CTIRRIRE M DS LR T LG %<, A&
BENIZNIET BT F R o1 OELH, s EREZFE
UNMSREIR R R AATOZ LA R R ThD, ENIGER#27
BB =Dk a2 AR, FEFOICEYRIES I NERP-2 1,

ErBEXOTY T I EE S O 345 ~351 & H

-GLGGR-|-GL-, 348~354 % H-DLGGR-|-GL- E%1%

THEB TN, R OFRE, TINBLKIREZITTERY,
AU a—% ETT BRI LU W SR O R LD AR
AT FRETFIRTS in silico ML TIE, TFEEZHETE
JTHILITNEE TH -7, 4Bl NERP [AlEZ#HEL LT

NRPFR—2fifhris D3 A A BRI ATT
R3& JAZAH 78 7k Coh D ENFERSN T,

NERP D AVP 53 s ~0 B 5-Z f 57 DB . NERPHT]
BXAE A VGFE R CAGR - e N i m 7 eer 7=
VEBBIIUL, /rET T = A (CgA) ISR B HE 70
~ 7 A TERINICAFEL, 4577 2/ iR 2L, /0 1049
kDa OBUKVEREVENEE A THD ), VGF & A LFERIC
DT 0T T —E CUIRS AR T BRELS % %
BEL, ZHD CgAHKAATFRRFAESNLTND,
CeAHURA_ T FRIZRIBMEN OO N Ta— VLTI 5
WEHTHIT5 catestatin DIITINHIWER ZH 3 57T
R3ZuN 29 Z L7585 NERPIZAVPE /3 E Flautocrine
F721% paracrine B TAVP L& M9 D0 % 72T
FEHER R AT -T2,

AVP 53ih~0 NERP OB LZMFT 5720 mik i
HRSLT VXA T VAN OREEN B G2 LA i
AVP ZSIMEHEER A~ GA2 L, BE *D 2 oX
21, NaCl RCAIl DT MK =N 5Tl AVP 3
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5-L7=, NERP-1 %, NaCl RCAIl OF v MEEN# 512
LDif A AVP Zrib i A BRI L e/ N
ZhEH 0.3 nmol TH-7z, NERP-2 ¢, NERP-1 [AERIZT
Y MHEANEGIZEDMF AVP 3 TeHEEHHI L7223
NERP-1(Z bt~ IE X590 72, C W23 7 IRIR T
NERP-1-Gly 1% AVP 73 Wil 4 2372 < NERP D4
BYEHORBIZ C 5D TINENEE TH-7- Y, NERP
IgG OZ v MR Gz XA PR T SR C, SMEKE
WIZ LD ML AVP I3 WA 235 v > B L ST 2 e D
NERP 1IN EIVEIZAEDTEEE B 3 BB G T TR
ThHIENFEH S, UL EO LS NERP (XK
Tl =2 —a SR N TAVPEILAEL . AVP J3 %
HET 2872 G PER T F R THHZEMBALN R
7= )

NERP DR FHEA~DOEHEH LT D720,
TR FEROMRER AR T & FV 2 in vitro assay 75T
NERP DAVP 73 il 2 R A it L7z, NERP-15 L OF
NERP-2 1%, #IK T EBMLAR A 7D DAVP B3 isds X
DT o X AT M JSIC L DAVP 3 isZ 4 L, in
Vivo CEEbL N L E— 8 LTz, 72, ETIRIKTHD
NERP-1-Gly TIZAVP 7t fiiilfEH 23 6409, NERP
DAEFEF OIS C SO T IN LR EE TH-T7- (Fig.
1), EER2 AVP =a—n  ~DOMf 7L, o F 7
ARTREARFRINO U SV BB D 7 L Z 3T LA
@ GABA (y-aminobutyric acid) C& 5, NERPs D7 /LA
VRO E R A2 MR T 2720 Ty MEB I
R NENT 7 a— 7 AL TV ZI B O
TREFAZEAL 2 B LTz, T OFE 5L, NERPs 1%, AIl 134
(el VI B 37 Qs Ko =l = N e 1 1 s e N DY Y4 e
7257= (Fig. 2), NERP D7 )L2 3 F i i o /- F %
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Summary

Here, we report the identification of two novel peptides derived from the neurosecretory protein VGF,
designated neuroendocrine regulatory peptide (NERP)-1 and -2, by focusing on carboxy-terminal amidation, a
post-translational modification most frequently found in bioactive peptides (J Biol Chem, 282, 26354-60, 2007).
Rat NERP-1 and NERP-2, which are highly homologous to human NERPs, are expressed in the hypothalamic
paraventricular nucleus (PVN) and the supraoptic nucleus (SON) and participate in the central control of water
balance.

NERPs dose-dependently suppressed vasopressin release induced by icv injection of hypertonic NaCl/
angiotensin II (AIl) in vivo. NERPs also suppressed basal and All-induced vasopressin secretion from
hypothalamic explants in vitro. Bioactivity of NERPs required carboxy-terminal amidation. To elucidate the
mechanism by which NERPs suppress vasopressin secretion, we used an in vivo microdialysis technique to
measure glutamate (Glu) release. The Glu release induced by icv administration of AIl was significantly
suppressed by icv injection of NERP-1 and NERP-2. Whole-cell patch-clamp recordings of SON slice
preparations showed that NERP-1 reversibly reduced the frequency of All-evoked excitatory postsynaptic currents
(EPSCs) without altering their amplitude. This effect was not influenced by the Na'-channel blocker tetrodotoxin
(TTX), applied to block all action potential-driven inhibitory postsynaptic currents. NERP-1 thus appears to act
on the presynaptic terminal of glutamatergic neurons connected to vasopressin neurons. NERP-2 also reduced
the frequency of All-evoked EPSCs without altering their amplitude. This suppression was abolished by TTX
and bicuculline, a GABA, receptor antagonist, suggesting that NERP-2 modulates the excitability of GABAergic
interneurons connected to the terminals of the glutamatergic neurons. Two NERPs of different sequences,
derived from one precursor, serve as novel peptidergic retrograde modulators to suppress vasopressin neuron
activity via different mechanisms.

Six normal subjects were subjected to salt-loading test to examined the effect of plasma 1 NERPs on the
response of an osmotic stimulus (5% NaCl, 0.05 mL/kg/min, 120 min). Plasma osmolality and plasma level of
AVP increased during the osmotic stimulus, but the plasma levels of NERP-1 and -2 did not. The localization of
NERPs in the hypothalamus and no change of plasma NERPs after the osmotic stimulus suggested that NERPs

might work as a central neuromodulator in body fluid homeostasis.
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