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Fig. 5 Cystometric parameters for micturition reflex.

Fig. 4 Simultaneous recording of cystometrogram and sigle unit activity of brain
neurons.

A: Fixation of rat in a stereotaxic puncture apparatus for unit recording. B: Schematic
diagram for recording of unit activities and bladder pressure in anesthetized rats. Saline
warmed at 37°C was infused into the bladder at a rate of 0.128 ml / min.

HIE  PRRHBE= o — o O L OIS 5

FIM  AEOHH

FLETHBEALL I, PAG EINE TORFGINT LY LR IR E UCROEE R SN TV AR, ZOFIRICH T 2 HER
A B = = — 0 v OFHB DT EY TR T D BEMERI TR TH D, 22 TAETIE, 7, BRERHSEE L =a—n
Y PAGIZFEL TV 00, BETHE L ED L) G ARSI E RTOR 2 £t IS TS LTS Dh
EWARDIDIT, PR & R EE % R TR L. 2 OBMREEMICRE LT,

B2 FEBRAAE

BLIE  PRAGERLREE (PAG) 351 2 PR = = — a o 0ER

1) PAGIBW A —~=a—p U3k L HER A

BEEPNE OZAE & IR U IR A BB B = o — 0 v ORK B TMET D - & BTz, T ORE, Bregma 7> bRMAIC 7300~
8800um ¢ PAG fEIRIZISV T 261 BIDRE L2 Rk A5G S e, Figh I0RT X 5 I REH 2 BRY L PERIIC 51T 5 & . Bk
RINCFEARDMT D=2 — v (Fig.6) 23331, PRRHICRHAIRAT =2 —n > (Fig7) 2 18 4, PREHICHITLCE
RINCFEK MY 5 =2 —r s (Fig8) BR6HlThot, i, PR LPRRZBRBRONAP o= a—a s (Figd) 2
213l ot TI TR, ENERD= 22— % Type I, Type II, Type I, Type IV & L7-,

RRANG =B EDIH L DL, Type1id, PRIICRAFEESWIMT 260 (TypeTa), BT 26D (Type b) &, #
AR T B b0 (Typele) O 3TWEICMAYEIh7 (Fig. 10).

66



—8720pm from the Bregma

|
"N
Bladder Bladder %" J
pressure o pressure '
T k2
UV = SRRV o S WP B4
~N (=]
Unit activity | IE
‘ > Unit activify
i S i >
(R I E
Frequency T
|
S y
+ T N
= T
o~ 0
1 min

1 min

Tig. 6 Typical recordlng of Type I neuron.
A; The red dot shows recording site of single unit activity of Type I neuron.

B: Presentative recording in Type I neuron of bladder pressure, unit activity of action
potential and ts frequency in Hz. B: Presentative recording in Type II neuron of bladder pressure, unit activity of action
potential and its frequency in Hz.

Fig. 7 Typical recording of Type II neuron.
A: The blue dot shows recording site of single unit activity of Type II neuron.
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Fig. 8 Typical recording of Type IIT neuromn. Fig. 9 Typical recording of Type IV neuron.
A: The pink dot shows recording site of single unit activity of Type Il neuron. A: The black dot shows recording site of single unit activity of Type IV neuron.
B: Prescntative recording in Type I neuron of bladder pressure, unit activity of action B: Presentative recording in Type IV neuron of bladder pressure, unit activity of action
potential and its frequency in Hz. potential and its frequency in Hz.
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LT, Type LB 5MAl PAG SEHIC % < 4595 LTV, Type T IAMA PAC 122< B 67,

Typela Typelb Typelc Type Il Type I1X Type IV

Bladder Pressure

Fig. 10  Classification of neuronal firing in PAG

Type Ia: decrementing firing in the micturition phase. Typelb: augmenting firing in the micturition phase. Type Ic:

constant firing in the micturition phase. Type II : constant firing in the storage phase. Type Il : no-relative firing against
micturition or storage.
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Fig. 11 Cross-correlation analysis between bladder pressure and firing rate of Type Ia neuron.

A to C: Three examples recorded in different neurons. Traces shown in upper graphs were analysed and the results were
shown in lower graphs.
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Fig. 12 Cross-correlation analysis between bladder pressure and firing rate of Type Ib neuron.

Traces shown in upper graphs were analysed and the results were shown in lower graphs.
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Fig. 13 Cross-correlation analysis between bladder pressure and firing rate of Type I¢ neuron.

A to C: Three examples recorded in different. Traces shown in upper graphs were analysed and the results were shown in
lower graphs.
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Fig. 14 Cross-correlation analysis between bladder pressure and firing rate of Type I neuron.

AtoC: Three examples recorded in different neurons. Traces shown in upper graphs were analysed and the results were

shown in lower graphs.
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Fig. 15 Cross-correlation analysis between bladder pressure and firing rate of Type III neuron.

A toC: Three examples recorded in different neurons. Traces shown in upper graphs were analysed and the results were

shown in lower graphs.
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Fig. 16 Cross-correlation analysis between bladder pressure and firing rate of Type IV neuron.

AtoC: Three examples recorded in different neurons. Traces shown in upper graphs were analysed and the results were

shown in lower graphs.
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Fig.17 Number and the percentage of existence of each type neuron in PAG along
rostrocaudal axis.

Type Ia
rostral caudal
D e
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Fig. 18 Location of Type Ia neurons in coronal sections around the PAG.

Numbers shown upper the maps indicate the distance from the Bregma in micrometers. Outline were adapted from Paxinos
and Watoson.
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Type Ib

rostral caudal

Fig. 19 Location of Type Ib neuron in coronal sections around the PAG.

Numbers shown upper the maps indicate the distance from the Bregma in micrometers. Outline were adapted from Paxinos
and Watoson.

Type Ic
rostral caudal
R el
-7640 -7800 -8000 -8300 -8720 -8800

Fig. 20 Location of Type Ic neurons in coronal sections around the PAG.

Numbers shown upper the maps indicate the distance from the Bregma in micrometers. Outline were adapted from Paxinos
and Watoson.

Type II

rostral caudal

-7640 -7800 -8000 -8300 -8720 -8800

1000 pm

Tig. 21 Location of Type IT neurons in coronal sections around the PAG.

Numbers shown upper the maps indicate the distance from the Bregma in micrometers. Outline were adapted from Paxinos
and Watoson.

72



Type 111

rosfral caudal
e =g

1000 pm

Tig. 22 Location of Type III neurons in coronal sections around the PAG.

Numbers shown upper the maps indicate the distance from the Bregma in micrometers. Outline were adapted from Paxinos
and Watoson,

Type IV
rostral caudal
Gz L
-7640 -7800 -8000 -8300 -8720 -8800

1000 um

Fig. 23 Location of Type IV neurons in coronal sections around the PAG.

Numbers shown upper the maps indicate the distance from the Bregma in micrometers. Outline were adapted from Paxinos
and Watoson.

Table.2 Firing patterns of micturition-related neurons in the PAG.

n Decrementing (a) Augmenting (b) Constant(c)

Typel 33 14(25%) 1(2%) 18(32%)
Typell 18 0 (0%) 0(0%) 18 (32%)

Typell 6 0 (0%) 0(0%) 6(11%)
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Fig. 24 Neuronal resp to microi I} efic fications of gl Tig. 25 Neuronal resp to micr phoretic apg of glycine.

Unit activity was recorded from Type Ic neuron. Glutamamate and saline were applied
during the period indicated by bars above the voltage traces. Note that saline applied at
negative charge did not affect unit activity. Recordings were obtained from the same neuron
in VIPAG at 8300pum fiom the Bregma.

Strychnine 20 nA Saline(+) 20 nA

Recording was obtained from the neuron shown in Fig.21. Note that saline applied at positive
charge did not affect unit activity.

—
Table3 Summary of neuronal resy to microf f etic appllications of
E glutamate (Glu), glydne (Gly) and strychine (Str) in each type of neuron,
R |
El n Augmented Inhibited No responded
Glu Type I 3 2 0 1
Type 11
w Type I 6 6 0 0
Type HI 0 0 0 0
19 15 TypelV 44 29 0 15
~ i — Gly Type I 9 0 8 1
T i fi\ E
s AT Typell 7 0 7 0
2 e
g . - Typelll 2 0 2 0
2 5 N 25
= 4 = TypelV 51 0 43 8
- / = 0 0
0 i 0 e e Str Type I 1 1
10s 10s Type I 4 4 0 0
Type IIT 0 0 0 0
TypelV 21 12 0 9
Fig. 26 Neuronal resp to micr phoretic licat of sirychnine.

Unit activity was recorded from Type Il neuron in vVIPAG at 8300pm from the Bregma. Note
that strychnine but not saline excited the neuron and the affect of strychnine remained after
termination of application.
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Table.4 Distribution of neurons responded to microiontophoretically applied
glutamate (Glu), glycine (Gly) or strychine (Str).

n Increased Decreased No responded

Glu dIPAG 1 0 ] 1
IPAG 9 6 0 3

vIPAG 12 7 0 5

out of PAG 31 24 0 7

Gly dIPAG 1 0 0 1
IPAG 11 0 10 1

vIPAG 12 0 i2 0

out of PAG 43 ¢ 36 7

Str dIPAG 0 0 0
IPAG 4 2 0 2

vIPAG 5 3 o] 2

out of PAG 17 12 0 5

dl: dorsolateral, 1:lateral. vl: ventolateral.

caudal -\ AN W= =/ W N\ ooy rostral

7800 -8000 8300 8720 pragoma

(um)

Typela
Type Ib
Typelc
Type Il
Type IIT
Type IV
no effect

Fig. 27 Location of neurons responsed to iontophoretically applied glutamate (Glu),
glycine (Gly) or strychine (Str) on coronal sections around the PAG.

Numbers indicate the distance from the Bregma in micrometers. Color of circle indicates the
type of neuron recorded. Outline were adapted from Paxinos and Watoson.
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Fig. 1.1. Schematic drawing of GIRK channel. ; NEUROBIOLOGY
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A: Primary structural view of amino acid sequence involved in GIRK1 channel. In red, i

arginine 191 and arginine 219 were found to interact with PIP,. B: Stereo view of the

GIRK channel model. The fransmembrane pore of the Ca?*-gated K* (MthK) channel

from Methanobacterium autotrophicum (red and yellow) was docked by matching the Fig. 1.2. Functional model for G protein activation of GIRK channel.
4-fold axis with that of the cytoplasmic pore of the GIRK channel (biue and green)

and bring the C-terminal end of the inner helix close to the N terminus of the

cytoplasmic pore's C-terminal fragment (dashed lines).

85



