Chapter IIX

Results

Part A : Iontophorest

Tegts wel el Jontancously active neurones

o
located in cercd€ 8 ! mhﬂh agreement with
previous repor %), Purkinje cell
(P cell) was d&€prg  g- — o %wgi'ic administration
of Angiotensin \ shows summary of
jontophoretic st#d A éx t%cal neurones of the

cerebellum.
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In 38 of 45 vermian Purkinje cells (84.44%), the
effects of iontophoretic application of AII (20-100 nA,
positive current) were consistent depression of the
spontaneous discharge in a dose-dependent manner. The

response were rapid in onset, and immediate recovery was
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observed upon cessation of AII ejection. These
inhibitory effects were noticable from iontophoretic
current as low azas 20 nA, with high ejecting currents =a
complete suppression of Purkinje cell discharge were

attended (Tongroach et 1. 1984). For example, Figure

11 A show the develgs b# ,inhibition of neuronal

iy

firing of a Purki®m = e vermis during the

application of ! -55?“’?‘ ’ ﬁ*=42; 100 nA respectively
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Table 2 Summary of iontophoretic study of AII on
cortical neurones of the cerebellum,
exeited f+), ingibited {=) B
potentiated inhibition (=)
Number of Neurones
Tested  Responmsive
a) Depressa
1} Purka 45 38
2) Non 7 0
b) AOAA induog ' ”._&E= rj% the actions
6 | | | 38(-) 29(=)
2: 36{-) 27(=)
3. 29(=) 2{=)
44 y 3(+) e
AV ETPS 0
c) Antagonlst‘t f the actl 8 by Srala51n
ﬂﬁJHI’WIEWliWEﬂﬂ@ 2
. GABA ¢ 3(- 0
q ‘W’l ARINNNT) mna e o
D) Antagonism of the actions by saralasin on AOAA
induced potentiation (5 cells)
T " ALT | 5(=) 5
2. GABA 5(=) 0
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Effects of Iontophoretic Application of AII on.

Unidentified Cortical Neurones (Non-Purkinje Neurones)

In contrast, in 7 unidentified non-Purkinje

cells, iontophoretic ion of AII with currents

upte 150 nA failda any changes in the

neurcnal firing

Effects of Iontg en, of Amino-oxyacetic

acid {AQAA)}

Amino-ox ¥ ::5' MO CH,ONH, ), has been

reported as GABA-keto-glutaric

transaminase (GABA i — o — gtamic acid decarboxylase

(GAD}, the GADA sizing '@ pke: Administration
Y |

of ADAA in vido ‘#Bfise in brain GAPA

I ¥

the eleVation.of GADH

|
¥

concentrations levels induced by

AQOAA bei Wﬂerﬂsned (Metcalf,
1979y, r‘Elhese experlment, AA was used to determine
TR I INY Y o o

- inducéd enhancement of the depressant action by AII and

GABA.
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NON PURKINJE CELL
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\ produced firing
ell in a dose dependent
unidentified non-Purkinje
o) e peptide. 1In
::, res. Firing rates
IDof ! mSpike iBr second are shown
neyertical axigy horizontal bars underneath
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iontophor@tic appligation, while@figu

q W "l a q n im!l] Mr:lg nﬂa&ﬂphoretic
current in nA. Time scales is shown as bar
at the lower right of the figure and is

identifical in both A and B.
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N Effect on the response to iontophoretically-applied AII

with superposition of AQCAA

In Purkinje cells (n=38) which were consistently
depressad by iontophoretically administered ATI (20-80C

nA) superimpostion of (10-40 nA) was made over

pulsatile applicati;‘ order to assess any

possible  enhanc Vf ‘f : : g of the peptide,
\;:;:hancement of the

-

(76.32%) within
ted. Example of
ikhich it was shown
that pulsatile ion of AII (75 nA
steng decrease in

g continucus AQCAA

application 8 sduced depression of

]
S

- spontanecus Peg 5 7'—E;y' potentiated.
3 J
+* . - :

Recovery to thﬁ!CO e regponse was observed
- y i

in each case aft@yac essatlon AQAA admlnlstratlon.
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Response of Purkinje cells to iqmatophoretigally applied

orr, R LR W) W RN BAG B a1 ara

GABA induced inhibition by AOAA

Effects on the responses to iontophoretically
applied depressant amino acids (GABA and Glycine) and

AII.
L



Ly

AOAA 25 nA

SPIKES
sec’!
SPIKES
SEC"l 20
20 s
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(25 nA) giFf rj kiR jék G8ll to microiontophoretic
AII (75 nA ‘, lsatile iontophoretic
application g 14 =1 ec p@riods produced consistent
decrease in u;‘{"'— scharge. During continucus
AOAA applic .-%*:g,\ ed depression of

€

spontandcus dis: oe, Recovervifolithe control level

— -
AYE A s
of V ‘ after cessation
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Pulsatile cationic iontophoretic application (10
sec duration) of putative inhibitory amino acid
neurotransmitters (GABA,Glycine) and AII, GABA (10-40

nA, n=36), Gly (40-100 nA, n=29) and AII (20-80 nA,

n=38) produced consist depression of Purkinje

cells tested. 5- ﬁh,y/ra'z microiontophoretic
application of AQAKSSEg_ 4g é superimposed on the
pulses of putat: W:’E\.ters and AII, the
: _ -
inhibitory respopf® Al Lk, € cells) and AIT
: b
(29 of 38 cells) \“ \\ Lgmerted during the

period of AOZLA, b Pie ¢ -’ \\ tiation of Gly)
induced depr€sg g g JHIN ‘\\.

reproducible

erved wasg not
igure 13 shows that
application of AII Fé—hwg fithout AOAA application,
produced a?ﬁ : -;, depression of
:ﬁéiication of AOAA,

almost comuldete suppression of

gspontaneous n’ﬂ

these depressaj s induced

o SR NN
g1k O ek 1]

sec), Gly¥ (70 nA, 10 sec), and AIl (75 nA, 10 sec)

Purkingje

produced epproximately 50 percent depression of

spentanecus discharge. When continuous

Q

A A 7y
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N
s
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microiontophoretic application of

superimposed ‘on depression pulses, the inhibitory
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respaonse to GAEA end AII were ctentiated, while
pulsatile application of Gly whichk produced depressicon
of the sporntanecus discharge remainad almost
unaffected. The cnset of A0AA induced potentiastion of
GABA response was apparent within 0.5-4 min. after

ion and this potentiation
_____ iontophoretic currents
of ADAA in thiSeees ‘:x; Measted to be subthreshold
- one tested, so that
nsidered minimal.

ation, recovery to

observed in each

case,
Effects on the resyigise i tophoretically applied
excitant am‘ l‘ femm—mm——— 7,—'.“";.;;.;—;----.-—:';.'

T '

i¥

Tests kfre also advanced further to see whether

there ﬂﬂﬁ!}ﬂﬂ%ﬁ%ﬁﬁ% of excitatory

respons of Purilnﬁe celbl to putati e excitatory
neuﬁﬁ%’@ﬂ‘é@ﬂ%ﬁ’w%&d’}ﬁaﬂm

Pulssa tlle iontophoretic application (10 sec duration) of
Asp (25-40 nA, n=3) and Glu (20-40 nA, n=3) produced
consistent excitation in all Purkinje cells tested.

When continuous microiontophoretic application of AOAA

wn

{25-40 nA) were superimposed on the excitation pulses,
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the excitation of Purkinje cells activity (3 cells)

caused by Asp and Glu remained uneffected., Example of

o

these results is shown in figure 1

*

Effects of Iontophoretic Application of Saralasin,

an Angictensin Il Antageni

Saralaomme ¥ \II antagonist, is a

the 1 position by
Flanine, making it a
specific comj i 5 ENgv “‘; Wy In the course of
iontophoresisy 1 i AOA "> and Felix (1976)
showed that thj ‘ ' v % to AII was totally
e PR A . . ;
inhibited during ——E 1 n of saralasin. In these
a tool te investigste

the receptoQV{ ¥ement in depression .

of soontaneouj[Pur~

Befeot oﬂsum PENTHEID Tocoomorersonsss

applied GABA,qGIﬁ%ui A’Iﬂmqqﬂﬂqa H

Purkinje vell (nz3)-whiech were consistently
depressed by iontophoretically administered of GABA (20-
40 nA, n=3), GLY (10-60 nA, n=3) and AII (60-100 ni,
n=3) were testéd for the antagonistic activity of

iontophoretic application of saralasin (10520 nA ). In



AOAA 25nA

splkes

‘sec

208
Figure 15 Effect of cg c.l'i,::-'-:- ication of AOAA (25 nA) on
{- —.i-
excitant a -ﬁ:{'a D3 g0e (Asp; 70 nA) and
glutamate (glds2B/n1)8 ekinje cell. The rate

meter.-shows that no chang n-tne. as ronal
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& lested, saralasin antagonized the depressant

all cell
effect of AII. Example of these results is shown in figure
16, in which it was shown that pulsatile iontephoretic

application of AII (75 nA, at .10 sec. period) produced

consistent decrease in Purkinje cell discharge. During

continuous saralasin & tion (10 nA), the AII

induced depressgs Anecus dlscharge was

_--i'

antagonized, w ; e G Maes 10l of neuronal activity

caused by the g s 1001 S 65 GAE A and GLY remained

uneffected, 3 ‘ QL xb\‘\xx\ level of

was observed

response
ation of saralasin

administiration.

Effect of Angiote h@g§g§  nist (Saralasin) on AOAA

Induced petentiatio»a" of GABA, GLY, and AII

=
.s”'d

In | ? «{n=5) which were

nl .
‘-epresqed by pulsatile iontophoretic

e B P8 A HNANG A o0 .

GLY (60-14D nA, n=5) a%F AII (60 80 nA, n= 5 , continuous

~QRARIATAURANNEAR ) s

enhaftement of GABA and ATII in inducing firing rate

consistently

depression in 5 (total n=5) neurones tested without
having any effects on action of GLY. When saralasin was
superimposed on ACAA application, AQAA induced

enhancement of AII were gradually antagonized without
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Figure 16 Effect of fmiéfs ic%application ofAngiotensinII

antagonist? pA) on the responses of

Purk] ifally applied
GAB! 1,( w.,;'! AII 75 nA. The
rate mgter sk : a5l lectively

antagonlzed depressant action of AII, whereas

ﬁﬁﬂﬁﬁﬂﬂﬁ(ﬁ i i

contr'ol level ofgresponse Was observed iy each
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any effects on action of GABA. However, subsequent
manifestation of the enhancement urnder persistant AQAA

ejection were also observed after termination of

Saralasin application. The recovery from AOAA effect
was also observed following cessation of AQKA
application. Example f, these results is shown in

Figure 17.

AULINENINEINS
ARIANTAUNINGIA Y
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refidined unaffected. When saralasin (40 nA) was

RS SRy

without any effects on action of GABA. However
subsequent manifestation of the enhancement was
observed after termination of saralasin application.
Recovery to control was observed following cessation

of AOAA application.
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Part B: Biochemical result

0]

The results were oabtained from perfusates of

the rat cerebellar cortex, Collected by push pull

perfusion, High per uid chromatography (HPLC)

was used for etection of amino acids

ino acid standards

Under t oflra olG, Tenditions described,

a typical separ tives of a standard

mixture of 8 sel 's has been acheived

successfully. a typical chromatogran

- b .
of 8 amino f+os +0nt. UL PROIS—OF each). : aspartic
- r‘y .
P

acid (ASD), £ Ei-v ?7 e (Ser), glutanime
i n‘

(Glun)} , glvc1ne (Gly), taurlne (Tau}, alanine (Ala) and

gamma- amﬁ%ﬁq Wﬂ?‘.w&l’]ﬂﬁcomplete elution

of the a ino acids W%ﬁ achleved within 20 min. The

“ﬂ“ﬂ?ﬁﬂﬁﬁﬂkﬂﬁ%%ﬁﬂﬁﬁ g ety

propo tlonal to the amount of the OPA - derivatives of

each standard with linearity realiable in the range 10
pmole to 1600 pmole aminao cid content. Standard

curves are presented in Fig 19A and 19B
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acids (400 pmol of each). Peak : = aspartic

acid ; = glutamic acid ; 3 = serine ; 4 =glutamine;

5 = glycine; 6. taurine; 7. alanine; 8. GABA.
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Figure 19 A

Standard curve of amino acids measurement (aspartic
acid), glutamic acid, serine, and glutamine). Peak

area refers to area under each of amino acids peak.
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Figure 19 B Standard curve of amino acids measurement (glyecine ,

Taurine, alanine, and GABA). Peak are refers to

are under each of amino acids peak.
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Perfusion Experiments

The amount of animo acids released into the
perfusing medium was strictly dependent on the placement

When measurable amounts of

of the push - pull canulsa,
amino acids were_‘ 7»: in chromastographic
determination iment histological
examination alwazxs =R 1 6 Yooy ocalizaﬁion of ‘the
canula tip withs ‘ £ o ¥ Bex, as suggested by
gical g¢ections.
Figure 20 showgfa ’.f F' Quvomgcgram of perfusate
{figure 2L3. By
contrast, incorrgft plag ey ; ¥ canula yielded less
conspicuous amount "elease.  An example of
such case is shown oaurom am in Fig 22, which was

L

obtained frof;?;=;;;;;;532=:::::4““-"f'.he canula (fig.

RY' |
23) 1

i¥

svnsanesf] LRI N HNS WL AR Ter0e
QRARIN SUNUITHHI AR 1nucueas

superfused with standard artificial CSF in a successful
experiment, the amounts of various amino acids could be
recovered in the perfusate throughout the period of
perfusion (110 minutes). The amino &cids releaséd, as

identified by the corresponding peak numbers in the
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20

RETENTI ON TIME (MIN)

. Gueldnening
%Wﬁﬁaﬁimwﬁ“ :ﬁ%w

%. glutamine 809.18
5. glycine £ 475.38 pmoil
6. taurine s . 432.14  pmol
7. alanine = 421.53  pmol
8. GABA = 343.17  pmol
figure 20 Chromatogram of the perfusate sample from the

cerebellar cortex. Amount of amino acids shown

under the chromatogram were inteﬁnretéted'from
standard curve.



Figure 21

Vi —

> .l £

9|

| -

CofULal section of the rat brain from a successful

experiment (moleculdr layer) at_the arrow.
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Figure 23 Corgnal-Section of the raty's Arainswhich the

centila tip'lddated i@ fﬂ%orrect-ﬁﬁaéement

(non molecularglayer) at the arrow.
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chromatogram were Asp., GLu., Ser., GLun., Gly., Tat.,

Ala., and GABA,.

Effect of perfusion with high k' solution

An attempt tu“xh anhanced release of the

amino acid was cazprd » t ac:1ng the artificial

CSF with perfusins  Jo ; high concentration

: : B !
Once t . et SR was established,

usually after co taneous release, the

corntrol artificia ed with high K'Y (100

nM)} - for 20 wmin,. perfusion was returned

hl

to the contr ;_,J-—-----—--.--—__—._-_.'_ ----- L to high K% (100

nm) significa-wl: etease of endogeneous
! ¥

amino acids by ‘228 % of Asp. (n=10), 392.69% of GLu.

w0, FUHRNRURINBITAF: o w10,

255% of G%L (n=10), 2}2.9% of Tau. (n= 10 279.8% Ala.
ATAAAATUUNAD N A e e, 20
and and Fig.27)

Effect of Angiotensin II on Amino Acid release

In order to investigation the effects of AII on
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Figure 24 A and B Effects of high concentration of
Bt dependent stimulated (100 mM )
withouf AII in artificiai CSF on the
release of endogeneous amino acids

from perfusate of rat cerebellar

cortex. The initial superfusion media

RIFpPY artificial CSF : after

A\

G were collected the

b
y

i ged 0 high K+
\ After sample 4 and 9

nedium was changed

8etficial CSF (B). An
.{Sifho a point indicates
:n\; difference in

r = anall ysis (Student’s t

7

¥

AULINENINYINT
PRIAINITUNMINGIAY
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the release of endogeneous amino acid, experments were
carried out by perfusion with artificial CSF containing
AII (40 nM). After the control sample collection, the
perfusion medium was changed to the high K’(lOO mM) with
AII (40 nM) for 20 min. Then perfusing fluid was

replaced with control tificial CSF. In such

conditions, AII e 2   L ’iiiﬂpelease of endogeneous

amino acid, by ® n-6), 256.3% of Glu.

{n=6), 178.9% O Mof Glun. (n=6), 290%

of Gly. (n=6)] w261% of Ala. (n=6),

and 850% of G ed increas of GABA

release {ta ig.26A,,B,C,;D, and

fig 27} as comParng@d ATI incorporation.

AuEINENINeINg
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Control 100 md-K" 100 mi-K" Control
A A~ N /~
.4 S 7 g r N U
. sample number
o b S
ino acid ~~ 1 2 3 4 8 9 10 1
\\

Asp 34.33416.36  2.3441.02  27.4949.28  76.88430.41 38.88427.70  43.56321.72  28.8619.85  15.52112.61

Glu 33.30413.61  5.4942.58  20.5143.99  63.86420.11 26.46110.82  43.96417.69  31.70413.17  1.3540.79
Ser 51,90428.34  37.22$17.49 58.40415.69 89.09+41.34 71.61428.55  43.64#12.31  20.69+10.40  6.4243.25

GLn 81.23$52.16  12.5648.79  93.51430.84 118.84128.89 112.24$37.54  169.384105.1  62.88£32.52  6.30+2.82
GLy 34.38416.17 2.1310.97 19.11%7.62 70.58£39.43 4 10.8643.14 7. 62.75#42.12  27.05418.62  11.8545.42 4.8743.36
Tau 13.8845.31 2.40£1.78  27.91416.76 23.04410.07 m 7,9 i . . .MS.GZ 17.14£11.60  38.20415.61 6.17£2.49 0.6310.57

Ala 24.36112.73 0.6530.59 17.2746.61  35.56126.43  €3,4312.19 3.2341s53 6.2945.73 4. 86&:9 76 23. (08111 64 2.0041.41 0.00100

' GABA 3.3136.66 2. 001;1 82 2a. 1'719 9% 33. BVQ u El( 1]] Ej w ; w El ’]AQ; 25. 65t6 65 27.1446.88 5.5613.63 0.00:00
Table 4 Evoked release of amino acids%ﬂrl a\inim ;Jmfllm Ejrlﬁhajlgh k" (100 mM) 5

in condition of CSF with AII 40 nM. The values in the table represent the mean total p-mole

0L

of amino acid release per minutev;t S.E. of mean (p-mole/min). n=number of observation=6

¥Significantly different from that released into the control artificial CSF (P<0.05)
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