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Morphological relationship between VIP-and GnRH-like immunoreactive
neurons by conforcal laser scanning and light microscopic analyses
in the hypothalamic infundibular region of the pigeon
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Abstract

The hypothalamic infundibular region of the birds comprise neuronal elements immunoreactive
(ir) for vasoactive intestinal polypeptide (VIP) and gonadotropin-releasing hormone (GnRH). By
use of immunohistochemical double-labeling techniques, we have investigated the morphological
relationships between these two types of peptidergic neuronal elements in the infundibular area of
the pigeon at light microscopic levels. Serial sectioned images of conforcal laser scanning microscopy
revealed that GnRH-like-ir fibers or button-like structures were in close apposition to VIP-like-ir
cell bodies or processes (probably dendritic processes). These results were confirmed by a method
for combining conforcal and conventional light microscopic examinations of Vibratom sections
processed for double-labeling immunchistochemistry. This method showed that these close apposition
of two types of peptidergic neuronal elements were observed in a subependymal area of infundibular
region dorsal to the median eminence. These data suggest that GnRH fibers innervate subependymal
VIP neurons of the infundibular region near the median eminence. The infundibular regions of the
bird are possible sites of interaction between VIP and GnRH neuronal systems.
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T, MR TF FE LT, mEEAM/NER7F K (vasoactive intestinal peptide, VIP) & PEBRHH
A IVE VAV E ~ (gonagotropin releasing hormon, GnRH) % & e =2 —u v OFFFE L HHE MR
ZRERNICHANT 5, BERNICVIP2EET 22 —0 Y OFERMBOHETIHRESNL TS
25 BN TOAEBEZRZEBIZIZEALH > TR (Yamada 5. 1982, Korf & Fahrenkrug, 1984,
Kuenzel & Blihser. 1994, Aste 5. 1995, Hirunagi 5. 1995). GnRHIZHEK F#HD =2 —1 v T
A, WERANZEFREICEE L, 22 THREREK L D TEAEPMRRICBUE S U TRE T EAOMIR
HEHT 5 L SN Tw5, AR E XTS5 XD TERLZKRAFNVE S THY . BORL D BRI
D GnRH =2 —a Y O5MmICET 5 HEIZL v (Mikami 5. 1988, Kuenzel & Blahser. 1991,
Teruyama & Beck, 2000)o BN VIP = 2 — 1 ¥ DHEFEIIOWT, /N MHIFRRE VIP =2 —0
VHAMED — 2 — 1 VR EET S 2 & R REE T HEMSEEE T/RR L7 (Hirunagi 5. 1994), &
512, Kiyoshi & (1998) 13l ORBFAMBRIIEH L. N MMUPBE—SZXFH TVIP =2 -1
YA GnRH =2 — 0 VT2 2 L2 HEML —F—EEBEME L ERETHEMEZ AV "ER
BAERE TR L7z, LAL, ThET, BEHKRTHREIRTCOVIP=2—0 & GnRHE=2—1
v EDBBFHBRIIOVTIE—HDOHATH S (Teruyama & Beck. 2001)o AHF7E T3 SuAARRILF
BICE Y, HESL - ERBEME. ROHES L — I — BN L B OLFEHE TOR—R
B OBEETME ORRBFEWEMRZRE L7,
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FROEE L7 P OLIEE D EER (4% 7+ VAT VTR FE0I%T VI VT IVTE
FZ2EL01TIVEBRRER 2EALEFICRIE L. ME2IHL, IR THRREIRZECH 7Oy
ZRPHOHL, EBIT4%8F 7+ VAT VT FEEGOIENVEREERICEMNYE 7V ¥ BKER
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FESL - EEEMSE o 2 S EREER . BT Y 2 X0 50 um OB &R
L72o VIPHE (1:1000) (Cambridge Research Biochemicals ) & GnRH ik (1 :2000) (LRH-
13, HKRE - B A RBREERM) 2-Xkike L. R Z24CT2RMRELL. ZXRkE L
T VIPHifRIZ1d Cy3 R Y FHL7 ¥ F1gG (1:200) (Jackson Immunoresearch #t). GnRH HfRIC i
FITCHE#Y FHi~ 7 X IgG (1;200) (Biosource International#t) #HW T, MADRAW TEIR 2
RFRRE L7z MR IEAT A FH IR LICEEiIE#A] (FluoroGuard) (BioRadft) TH A L. BIEEIC
% - BEEE L. SEER L7 GnREFUADRERMEICEI L TidKiyoshi 5 (1998) IZREH L TW %o
BIZII R E ML —F — ERPEMIEMRC1024 (BioRadtt) Tf7 o7z, VIPHRERM =2 —1 > & GnRH
RIERE = 2 —a v L R TENT 5720, VIP =2 —ua o {bidEeE#R Cy3 2 k&
543nm DAY T A G+ ¥ L—HF—T, GnRH= 2 — 1 > D HALIZHIBEMRFITC % #5488 & 514nm
DTNIT Y V—F—TYR E2EELEL 2B L2577,

Fl—t I & B ER L —F — B RS L EFBMEORERR W7oy 7 X500 um D7
T h—2UREERLZ, €T I b—2YRE50%L 8 /7 —VIZ30RE L7120 2OV T VIPHUE
& GnRHYUE % —RIufk & L BB REMSIb 2 1T, ER L —F—E RS B L (BT
HEFMR) . BIgE. F— O IEE MR CHEWRE 2 REMBR LT L 7. Rtk
LT, VIPHRIZRE L F VEER T ¥ 57 ¥ F1gG (1:50) (Dako#t). GnRHHMAIZIZE F F ik
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Y ¥~ 2 1gG (1:150) (Dakotl) % vy, WiEORAMWIC AT T—MIZE L7z K\ CHRP ik
AMVTETEY Y (1:80) (Dakoth) TA4CTT—HpRiEL7Z: (LSABHE), #iEICL ) DAB Tl #
EL. BiKEE. 7054 MEERCTATA AT ZIHA L7z, WE ORI MET Ck s
VY — R BEMECBE L2 — 0 V2 LEL, BEEYEL,
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NIRRT ERFETOVIP =2 — 10 > & GnRH = 2. — 10 > & OMEIRE 2 7 el 5 L — HF— %
FEBMS X DL, VIPRIER PSS IZCy3D e IEH 2 S MIIC AR TER L. GnRHBE RS 13
FITCORhRIE#RZ BB TER L TiTo 770 SRORF ¥ VAN EREF ¥ V2N E % FA—OFHE
WA LB ORI BRE A7,

IEHEERICBE S 2 RSB T, S EAER L 280 (X 50 um) 1[2BWC. VIP M
. VIPHUHE. GnRH#UHED =M O RERB R0 Sz HREWHOE S HHTO1 um R
WIS (Mo 03X D BMEEA 7 — V2 @HIICL, 2, 3 umBEEFIICEE L 4 05 % B8 %
fTo7ze TORE, VIP Mtk & GnRH B S X O°GnRH /N Y I — A= RITMICHED THEE L TW
% (&% VIP MR A S MO8 2 IR 2 & & 5 5 2882 & GnRH ##ESB L O°GnRH/NY I — AN ZRTE
FICBD THEEL TW A @38 oh (Fig 1o
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Fig. 1. Conforcal microscopy of the infundibular region. Figure panels are conforcal scanning projections of
4 serial 1 um images of tissue double-stainned for VIP (red, arrows) and GnRH (green, arrowheads).
GnRH fiber contacts with VIP soma.



(1) OBE LY “EEBROKEIIE TS > Tz, VIPHIIAE, VIPZE#E & GnRHARHME & 255880 &
N7z, ThoPmOTEET A48 (Fig. 2. ZOX) BRI (1) Db LEAMKTH -7z, &
HIZHE S L — ¥ — B BAMEE TS SN2 F — OB & Mk % W o R Ek LY (LSABE) T
DABZBWTHWHAL L7 (Fig. 4)o THICX Y, B WREGE % K CTHET 5 2 L A5
L, YR EMEDO LT, FESL —F—ERPEME TR S N2 VIPMBak, VIPZEE & GnRH
BHE L D RFTR R RN ER % EMICIEBTE 2o ZO/E, VIP= 2 —u v O AIZIE RO
BRI ORKFFEETHEEZME L RKOBEFIMET LI LWL, E L o7z (Fig 3).

Fig. 3. Light microscopic photomicrograph of same tissue
of Fig. 2. Arrow indicates infundibukar region of
Fig. 2. IF: infundibular region, ME: median
eminence, /11 third ventricle (600x)

Fig. 2. Conforcal microscopy of the infundi-
bular region. Figure panels are con-
forcal scanning projections of 2 serial 1
um images of tissue double-stainned
for VIP (red) and GnRH (green). Arrows
indicate VIP soma. Large arrowheads
indicate VIP process (probably
dendritic process). Small arrowheads
indicate GnRH fiber. III: third venteicle

Fig. 4. Light microscopic photomicrograph of DAB im-
munohistochemistry of same tissue of Fig. 2. Arrow,
large arrowhead and small arrowhead correspond to
those of Fig. 2. EP: ependymal layer, Bar: 20 um
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MHENRTF FTH B VIPO BFERHNTOAEBZHHAENI T ZHASNTO RV, B, VIPD BERA
THFMDOZECIEE IS T2 WEEAIRB STV A, 19884E12Silver 545, BOAMIHFE & 8258
T BWEIKICHERIS 2RI 2 —a V2 8E L. SRS BRI ES-T 5 MR Et2 24
JaTH B E L7z MICZOBEOMBEAVIPE &L T &% “HEEERE TR L, BEOZMBIZRIC
Lo THRDORRMBAERLBEE L LTI LEEHL2BHMON TV, KIFEWAIAMEZ LT L3,
PREERYICIZ, N THRZRREEFTER. T2b bR THB—TEMAR E OMRERKD LD RH) 3%
2 HMN% (Hirunagi, 1998 DRFH 2 BMH) . HEMAMILFEICI VHADGIRH=2— 0 YR VIP=2—1
YOSADBHOPELRY, AMIFRETIIVIPS 2 — 0 VIR L B L GnRE= = — 1 > Ja Ak & ke =
AIAE L, BRI AT ClI VIPHAME R MifE# K £ GnRH= 2 — v » Mk R S DS 4E 53 5 2 L 25 &
2o TWbd, COMFORBEWEREZES2ICT S0, Kiyoshi 5 (1998) 13/ MR-
AEFICBCTHRERAL —F—EREME L ETEMEZHVTRF L, VIP=2—1 Y GnRH= =2 —
Oy EMRELET A L HRB Lz, & 512, Saldanha & (2001) 13 V8 OB FIF T, HWER
R PERAHEAGnRH= 2 — 1 v OBPRER ISR KT 2 Z L2 BFHAMBEL NV THRE L2, 720 X5
DIV T, VIP##MEASGnRH = 2 — 1 & OMIBAICER L T b Z L ADRFBMEE L NV T, &l
iy N7z (Teruyama & Beck, 2001)o LA EIZEIF-HF%I1Z. GnRH = 2 — 1 ¥ 2SR S G2 A/ &
DEEM LR EZTLWHEEEZRL. Z0OXRTF ¥ -y 7 =2 —0 v ZAOME BRI O
Eholeo WEEIHDA N =X LDBHIZE 5T, TOZROERBHNEELBEEO—DE LA,
—Jiv BURTHRFEETY, VIP=2 -0 Y OFHEE#MEShTWwE, AR TR, VIP=2—0 v
GnRH =2 -0 ¥ 50HEH2Z T AWML RB L. ChETOMEICLEE, VIP=a—n v
GnRH =2 —0 » b L HIZIERERICEH T2 (NS, 1997), EFERICHES T 5 GnRH =2 -1~
DEFEDMED— AR} VIP =2 — 0 VIHEHF L, 2O VIP =2 — 1 ¥ O#EIZIEPREICKRNT 5
&y GnRH =2 — 0 Y O#MBEORBEEFICMET S GnRH =2 —0 > @ VIP = 2 — 1 ¥ O#%EHE, VIP
Z2—0YREGIRH= 2 — U Y REDZODROEEMERD LT, 74— FNy 72 REZBRT
LZHEIZROND, TOZLIE, ZODRPEHIMICHFET 2 IEHERE TOBEMMEERS L I35
Wb LZBRL TV, HIRTHREIHEBTOZID - OORDBEBRIZOVTIE, ARBOKEEL %
W& D H S, Teruyama & Beck (2001) 137 X5 O} T, RIEMMILYE:C X Y GnRH %R
YEDRHE & VIPSOEREOMME L DR T 2 L 2 MG L2 COMBAROBREL T 505 HH5D
WP Tl GnRHMHE & VIPMIRL & OBRE R BMIIZRONZWE LTW b, FHBIHE S 138 % O LF5EM
FICL DT TH B, — T, BAOBETIR, LVBREORENL —F—EEFMTEL AT, ZXT
W AT OFE R, TE B D 2 W2 RIB L72. S LT E ORI BR DN 1302 B
FOMALBRR-DDTH Y, BFEMEIC L 2MBERKOBMEROMITICE SRITREE SRV, 4
ROBFHEBMBEFNICBNTIE, AR THWAFEIZID, €75 b—2 0 0 EA L —F—EATHK
HBBROMBZPHMETHEL, FISREFA-YHPOBEYF 2R, EBETHMSEE S
THHENERTH %,

| i3
AR THEM Lo MIBERERZRFEEGRPHAHOR AL LV RES T L,
GnRH JUR IR BERFERF B H A EM Oft RIEL ARSI N0 b e THE E L,
FERICEHF LT,



5 B X ®

Aste, N, Viglietti-Panzica, C., Fasolo, A. and Panzica, G. C. (1995) Mapping of neurochemical markers in
quail central nervous system: VIP- and SP-like immunoreactivity. J. Chem. Neuroanato. 8: 87-102.

Hirunagi, K. (1998) Extra-retinal photoreceptors in birds —A morphological and functional consideration—.
Anim. Sci. Technol. (Jpn.) 69: 533-545.

Hirunagi, K., Kiyoshi, K., Adachi, A., Hasegawa, M., Ebihara, S. and Korf, H.-W. (1994) Electron — micro-
scopic investigations of vasoactive intestinal peptide (VIP)-like immunoreactive terminal formations in
the lateral septum of the pigeon. Cell Tissue Res. 278: 415-418.

Hirunagi, K., Rommel, E. and Korf, H.-W. (1995) Ultrastructure of cerebrospinal fluid-contacting neurons
immunoreactive to vasoactive intestinal peptide and properties of blood-brain barrier in the lateral septal
organ of the duck. Cell Tissue Res. 279: 123-133.

Kiyoshi, K., Kondoh, M., Hirunagi, K. and Korf, H.-W. (1998) Confocal laser scanning and electron-
microscopic analyses of the relationship between VIP-like and GnRH-like-immunoreactive neurons in the
lateral septal-preoptic area of the pigeon. Cell Tissue Res. 293: 39-46.

Korf, H.-W. and Fahrenkrug, J. (1984) Ependymal and neuronal specialization in the lateral ventricle of the
Pekin duck, Anas platryrhynchos. Cell Tissue Res.: 217-227.

Kuenzel, W. J. and Blihser, S. (1991) The distribution of gonadotropin-releasing hormone (GnRH) neurons
and fibers throughout the chick brain (Gallus domesticus). Cell Tissue Res. 264: 411-495.

Kuenzel, W. J. and Blihser, S. (1994) Vasoactive intestinal polypeptide (VIP)-containing neurons: distribu-
tion throughout the brain of the chick (Gallus domesticus) with focus upon the lateral septal organ. Cell
Tissue Res. 275: 91-107.

Mikami, S., Yamada, S., Hasegawa, Y. and Miyamoto, K. (1988) Localization of avian LHRH-immunoreactive
neurons in the hypothalamus of the domestic fowl, Gallus domesticus, and the Japanese quail, Coturnix
coturnix. Cell Tissue Res. 251: 51-58.

FAEE, 1 ROKER. BEBE. BREBIE (1997) [N MURTHEBICHEIT 5 VIP Rt 2 -0 &
GnRH SRtk = 2 — 0 v L OB RBZENELR] B 124 B HAREZS#REE, 173H

Saldanha, C. J., Silverman, A. J. and Silver, R. (2001) Direct innervation of GnRH neurons by encephalic
photoreceptors in birds. J. Biol. Rhythms 16: 39-49.

Silver, R., Witkovsky, P, Horvath, P., Alones, V., Barnstable, C. J. and Lehman, M. N. (1988) Coexpression of
opsin- and VIP-like-immunoreactivity in CSF-conacting neurons of the avian brain. Cell Tissue Res. 253:
189-198.

Teruyama, R. and Beck, M. M. (2000) Changes in immunoreactivity to anti-cGnRH-I and -II are associated
with photostimulated sexual status in male quail. Cell Tissue Res. 300: 413-426.

Teruyama, R. and Beck, M. M. (2001) Double immunocytochemistry of vasoactive intestinal peptide and
¢GnRH-I in male quail: photoperiodic effects. Cell Tissue Res. 303: 403-414.

Yamada, S., Mikami, S. and Yanaihara, N. (1982) Immunohistochemical localization of vasoactive intestinal
polypeptide (VIP)-containing neurons in the hypothalamus of the Japanese quail, Coturnix coturnix. Cell
Tissue Res. 226: 13-26.



