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CHAPTER III

Results

Table 2 shows summary of iQﬁ}ophoretic study of A II on

cortical neurones of the cerebellum;”ff:;

-
Response of PurkinjesNetronés to A II Administration

- \
Satisfactoz;,ﬂﬁff;ry recérding were obtained from 96 cerebellar

cortical neurones which H@rg identified as Purkinje cells, 85 cells

— it

were sampled randomly f

Hthe.‘ceﬁebellar vermis while the others

(11 cellsi were sampl apdg%hy frgmﬁthe cerebellar hemisphere;

# |

¥ )

) b : -“"-/J-h :
In 80 of 85 ve iin:?prkinjgfgﬁlls (94.12 %) and in 11 hemisphere

- )

Purkinje cells (100 %) theHéffects??f;;gpotophoretic application of

A II (20 - 169 qﬁi positive current) were a coﬁé}stent depression of the

spontaneous diséﬁ%&ge in a dose-dependent mann%io. The response were
rapid in onset, aﬁd‘immediate recovery was observed upon cessation of
A II ejection, U These’inhibitory effects (were noticable from
iontophoretie current as low as 20 nA, with high ejecting currents a
complgte suppression of “Purkinje cell discharge were-.attended. For
example, Figure 6 A shows the development of inhibition of neuronal
firing of a Pﬁrkinje cell in the vermis during the application of

A Il at 70 nA; 80 nA and 100 nA respectivély; That the observed response
was an artefactual results of the current effects could be ruled out
since application of positive current (carried by Na+) from balancing
channel of the microelectrode failed to produce any alternation in

neuronal firinge.
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Table 2, Summary of iontophoretic study of A II on cortical neurones

of the cerebellum,

Number of neurones

Tested Responsive
(a) Depressant actio
(1) Purkinje c 85 80
(2) Purkinje ce 11 11

(3) non-Purkin, 6 0
(b) A II induced e
(1) Depress
18 18
12 0
5 0
5 0
6 0
(2) Excitants
glutamate 4 0
aspartate 4 0
(c) Antagonism o
{acticn on cell firing) 8 8
(en o 3 3
L 0

(d) Antagonism o;BLhe actions by bicuculline
A II (action of cell fiki :

AN

glycine

5-h§droxytry§tamiﬁe =8 2 W |

cowviwwm
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Effects of Iontopheretic Application of A II on Unidentified Corticai

Neurones (Non Purkinje Neurones)

In contrast, in 6 unidentified non Purkinje cells, iontophoretic
application of A II with currents upto 120 nA failed to produce any

change in the neuronal firing (Figure 6 B).

' ]
Effects of Iontophoretic Applicatiﬁéféf-Saralasin

Saralasin, awspeeific A“II antagonist, is a synthetic peptide
— |

g—

which has the samejg;ndir Fe a8 A II except that it is substituted in
the 1 position by C vihe and in the 8 position by alanine, making

it a specific compegiti E‘hﬁipiéé? of A 1I. In the course of

iontophoresis experiments ﬁhillii and Felix (1976) showed that the
i

&l

neuronal response to 1wa8“totafiyiinhibited during ejection of
W i \
’ -" (- ‘.'-1,1"_'.
saralasin, In these e perihént, sa;;%asin was used as a tool for
Jf';‘._.' . o e ot g

o :a'_a-.-_‘,

investigating the receptorﬁﬁgchani§ﬁ1of A II involement in depression
B Lo -
of spontaneous Eﬁfkinje cell activity :;;

Yy )

Eﬁectonthe:esponsetoiontOphotgﬁcaHy applied AII

Purkinje cells™(n = 8) which were consistently depressed by
iontophoretically "administered A'Il (60 = lOO nA) ‘were tested for the
antagonistic. activity. of.iontophoretic application of saralasin
(positiQe currént, 10 - 20 nA). " In all cells tested, saralasin
antagonized the depressant effect of a II by 60 - 100 % within
1 - & min. Example of this results is shown in Figure 7, in which
it was shown that pulsatile iontophoretic application of A II (100 nA
at 10 sec; periods) at regular intervals (lC sec.) produced consistent
decrease in Purkinje cell discharge. During continuous saralasin

applicatidn (10 nA), the A II induced depression of spontaneous
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A B

SPIKES 40
sec™

F
£
F

Figure 6. A and BY Effetts of (iontephoretic administration of
i F ‘o .‘ \
Angiotensin Ii{(A_II) en spontaneous firing of
cercbellar neunbue. A II produced firing depression
>

A
on PUTkane cell_xﬁ a dose dependent fashion (A),

whereas in B, un1dent1f1e¢ non-Purkane cells did

not response to the peptidég In this and the

| proceeding figures, firinﬁ rates cf the neurone in
spike per second’ are shown in vertical axis,
horizontal bars underneath! or ‘above the records
show _the periods of “iontophoretic-application,
while ¥igure accompanying ‘each’ bar indicater
iontophoretic current in nA. Time scales is shown
as bar at the lower right of the figure and is

fdentical in both A and B.
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ARALA IN10 nA

Splkes 40,
sec

- s e e .-l—-—-—-—

—
20S.

.

— st

Figure 7., Effect of microiontoph?retic administration of saralasin
(10nA) on tespons? of ilfu;kinje cell to microiontophoretic

A II (100 nd). .The rateélmeterishows that 3 min after

¥

ok 4 .-__ .-_lj"
commencement of the applieation saralasin antagonized the

taf

depressant 0%13111, rec&vé;;-to thescontrol level of

response was observed after cessation of saralasin

administration,
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discharge was remarkably reduced. Recovery to the control level of
response was observed in each case after cessation of saralasin

administration.

Note in this figure the saralasin alone alsc produced a mild

depression of the cell firing.

I

The Purkinje cells (n = 4) dffgh were consistently depressed
by iontophoreticcally administered A it (ED - 20 nA) and GABA (5 - 20 nA)
were tested for thifffibgo isti# activity of iontcphoretic application

of saralasin (10 - 2 & LIn ail cells tested, saralasin antagonized

the depressant effectof/A/ Il by 60 = 90 % within 1 - 3 min, while the

depression of neuron ctivity cSuspd by CABA remained unaffected.

o d rlf
The rate meter record dn igure 8 ;hq”s response of Purkinje cell to

pulsatile iontophoretic applmcatmm"mf A 11 (60 nA for 10 sec) and

u;a‘a

GABA (10 nA positive current—for lggseé) at regular intervals . (10 sec)
.d‘ I\.; |_,_
before, during and after contlnuous 1ontophorgf1c application of
—
sara1a51n. On th)B cell, saralasin showed a sgd01f1c antagonism to

i

the depressant efﬁgct of A II while the depressant effect of GABA

remained unaffected. “Recovery to the control level of respcnse was

observed in'each case @after ‘eessation’ of "“saralasin-administration.

Effecth of /A II jon“Neuronal Response to Putative Neurotransmitters

(Selective Potentiation of GABA Induced Inhibition by A II).

Effect on the responses to iontophoretically applied depressant

amino acids (GABA, glycine and taurine).

Pulsatile cationic iontophoretic applications (10 sec duration
and at 10 sec regular intervals) of putative inhibitory amino acid

neurotransmitters, GABA (5 - 40 nA, n = 18), GLY (20-16b nA, n =12)
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SARALASIN 100A

sSPIKES B0
sec™
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Figure 8. Effect of micpoigntophogg@}p administration of saralasin

—l

(10 nA) on responses of a Purkinje cell to iontophoretic
&SPon " A Pur

appliéation A II (60 nA) and CABA {lﬂ nA); The rate

metefighows that.about 20 sec; aftgf‘commencement of the
applicéfion, saralasin selective1§uantagonized depressant
actioniof ‘A IT, whereas-the action of “GABA was unaffected.
Recerry to the control level of response was observed

after «cessation of 'saralasin administration,
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“and TAU (60 - 90 nA, n = 5) produced consistant depression of all
Purkinje cell tested. When continuous microiontophoretic application
of A II (20 - 80 nA) were superimposed on the depressant pulses, in
all cells tested, the inhibitory response to GABA were selectively
augmented during microiontophoretic application cf A 11, while the

depression of neuronal activity caused by GLY and TAU remained
'

unaffected. The onset of A Il indﬁéééﬁgptentiation of GABA response

was apparent within.l.=4 min after commenecement of A II application

and this potentiagigp»wgs-proge;sive with time. The iontophoretic

currents of A II ip#this case w;s adjusted to be subthreshold for

producing depression of eadﬁ“néufone tested, so that depression
induced by the peptide @as?bopsiagféd minimal, Example of these

results is shown in iggrs*9y recovery to the control level of

# o

responses was observeﬂ‘inléééh caggggfter cessation of A II
il . ol o

"

|
i

administration. o =

£)
etically applied
e

-

Effect oF

monoamine transmitters (NA and 5-HT)

Pulsatile cationic iontopheretic applications (10 sec duration
and at 10 'sec ‘Tegular” intervals) of putative inhibitory amine
neurotransmitters NA (20 - 110 nA, n.="5), 5-HT (50 90 nA, n = 6)
and CABA‘(ZO ='40"nA, n = 6) produced censistent depression of all
Purkinje cells tested. When continuous microiontophoretic
applications of A II (20 - 80 nA) were superimposed on the depressant
pulses, in all cells tested, the depression of Purkinje cell activity
caused by NA and 5-HT remained unaffected, while the inhibitory
response to GABA were augmented during microiontophoretic

application of A II. Figure 10 shows a clear example for this effect
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At
ANGIOTENSIN |1 80 nA
Spikes 90
sec 60
30
0
- - LD s O oo e oD O esm ) o em
GABA GLY TAU
10 100,90
. 90
60
30
o
Y — — = =] — —d oo - @O
j 20s.
.f},
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Figure 9. Effect of continuous iontophoretic application of
- angiotensin II (A II1; 80 nA).on depressant actions of

Y -aminobutyric acid (GABA: 10 nAY. glycine (GLY; 100 nA)
and taurine (TAU; 90 nA) on Purkinjercell. The rate meter
shows fhat A II selectively potentiates inhibitory action
of GABA-without having any appreciable effects on actions
of the other depressants. Recovery of the potentiation
to the\control level of  response was observed after

cessation of A II administration.
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spikes 40 ANGIOTENSIN 1i 50 nA B
sec o
20 F
190
j S.
o |
| R . —) E— e L} =0 R
GABA NA
40 50

- A

E—x:‘—r_—,a'—‘. - O eEm O -

E——
i 4 208,
Figure 10, Effect of eontinuous appllcatlon of angiotensin II

(A II; 50 nA) on depressant acticn of J -aminobutyric

acid, (GABA; 40 nA) and’ nor-adrenallne (NA; 50 nA) on
Purkinje cell, The rate meter Shoﬁs that A II selectively
potentiates inhibitory action of CGABA, while the
depressiomn of neuronaliactivity caused by NA remained
unaffected. ' Note in this case that only partial recovery

of the potentiation was observed,
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were prolonged A II application induced a complete supression of
Purkinje cell firing during application of GABA with the dose which
otherwise, without A II application, produced approximétely 50 per cent
depression of spontaneous discharge. While pulsatile application of
NA (50 nA, 10 sec) which produced approximately 50 per cent depression
of the spontaneous discharge reméf?ﬁg unaffected, Note in this case
that a partial recovery of the potehiiﬁfipn was observed. Another

7 g
example is also preseated in Figure 11, in which it is showed that

pulsatile iontophofé%ff

(20 nA, 10 sec)

_applicagions of NA"(110 nA, 10 sec), GABA

fﬁ90‘nA;.;O sec) at regular intervals (10 sec)

produced approximate ber-c depression of spontaneous

discharge. When gont us macraiontophoretlc application of A II

os_d on depreﬁ?ant pulses, the inhibitory

Y

(50 nA) was superi

response to GABA wer augmented (appnbx1mately to 70 per cent .

depression). After thei;efhinatiqﬁﬁdf%A II application, partial

£
recovery was fUUﬂé—iﬂ—%hiﬁ—ﬁeﬂfeﬁer—————————= J

Effect on'the response to iontophoretically applied excitant

amino acids-(glutamate and ;aspartate)

Tests were also advanced further to see whether there was any
A IT-induced medification of excitatory responses of!Purkinje cell to
putative excitatory neurontransmitter GLU and ASP, Pulsatile anionic
iontophoretic application (10 sec duration and 10 sec regular intervals)
of GLU (20 - 40 nA; n = 4) and ASP (25 - 40 nA; n = 4) produced
consistent excitation in all Purkinje cells tested. When continuous
microiontophéretic application of A II (80 - 100 nA) were superimposed
on the excitant pulses, the excitation of Purkinje cells activity

caused by GLU and ASP remained unaffected. No change in the neuronal
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Figure 11. Effect of gontintious application of angiotensin II
e 22 de :

(A II; 50 nAfzon depre;ﬁ;ﬁt action of nor-adrenaline

(NAs%110'nA), ¥ -aminobutyric @eid/(GABA; 20 nA) and

:S-hyd}oxytryptamine (5-HT; 20 nA)ESﬁ Purkinje cell,

The rate meter shows that A II selectively potentiates

inhibitory ‘action, of. GABA, while the-depression of
neuronal activity caused by NA and 5-HT remained

unaffeected,

34
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with current upto 100 nA over the periods of 10 min; Examples of

these results is shown in Figure 12,

Effect of Angiotensin II Antagonist (Saralasin) on A II Induced

Potentiation of GABA Action

In Purkinje neurones (n = §§’Qh%9h were consistently depressed
by pulsatile cationic iontophorétic administered GABA (5 - 25 nA;

10 sec duration, 12#i,30'r99U13r intervals), continuous

microiontophoreti?#gpﬁi;:;tion gf A II (50 -~ 80 nA)(produced

enhancement of depress féacfibniJiWhen saralasin (10 - 20 nA) were
superimposed on A i}féiﬂlﬁbatékwuaﬁhe observed enhancement were
gradually antagonize qwqiér, ihﬁ,pnhancement reconstituted after
termination of saralas ne *ﬁéeove:;ﬁ§¥om A II effect were also
observed following cessaégégjbf Aiii?éiplication, example of these

Ao Ay ey
2t

results is shownin Figufé-IB. J
L™ ._r - -.{
;j_ _x._-l'l
Effects on Iontophoretic Application of CGABA-Antagonist Bicuculline

The convulsant,alkaloid bieuculline, a presumptive GABA
antagonist |(Curtis, Duggan, Felix and Johnson, 1971) was selected as
a tool to inQestigate the possibility of“GABA involement in A II
effects; The methochloride defivative of the 'alkaloid was chosen
because it was more resistant to hydrolysis than the bicuculline
base under physiological condition (0Olsen, Ban, Miller and Johnston

1975).

Effect of bicuculline on A II action

On 5 neurones, pulsatile iontophoretic application (10 sec

duration and at 10 sec regular intervals) of GABA (5 - 20 nA§ ns=5),
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ANGIOTENSIN Il 90 nA

spikes 12
sec

Figure 12, Effect of 'ntlﬂdaus

(A II 90 nA) UExm_ ction of glutamate (GLU; 20 nA)

EELIRL

- __,cd-_

andr_rfajpartate (ASP; 30 nA) on __hkp'e cell, The rate

uronal respon51veness

to thejexmtants was observed fof&meg A II application

@i‘ﬁ]m dﬁﬂfm ?ﬁin aneous s::::::.approximately
AR AN URIINYIA Y
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Figure 13.

i

Effect of angiotensin IT antagonist- saralasin on A II

ind@ééd potentiation of GABA actié@; This record shows
that c?ntinuous application of A iI (70 nA) produced
enhancement of depression action of GABA (5 nAj on
Purkinje cell dischargé. ' When saralasin (20 nA) was
superimposed on A II applicétion, the cbseryed
enhiancement ‘was "gradually antagcnize; However, the
enhancement was reconstitued after termination of
saralasin, Recovery to the control level of GABA
produced depression was also observed following cessation

of the A II application.
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A II (50 - 80 nA§ n=25) and GLY (60 - 70 nA; n = 35 produced
consistent depression of Purkinje cells tested, When coﬁtinuous
iontophoretic application of bicuculline methochloride (BMC; 20 - 30 nA,
positive currents were superimposed on the depressant pulses, BMC
antagonized the depression effect of GABA and A II by 70 - lOO %

within 0 5 - 4 min, While the depression of neuronal act1v1ty caused

by the control agonists GLY (n = Bf{%:ﬁﬁ ed unaffected, Example of

these results is shown in Flgure'14 -

Effect of Hfj;;ﬁjlnecxkA 11 preduced potentiation of GABA

In Purkane u

(n 1.3) which were consistently depressed

—

by pulsatile iontGphoret appliq&tipn (lO sec duration and 10 sec

regular 1ntervals) of JCA A 5 -207nA; A = 3) GLY (10 nA, n = 1) and
)'{-) ;’

15-HT (50 - 60 NA, n¥E ‘, cnntlnuouéilontophoretlc applications of

2y
A II (50 - 70 nA) produced enhancemgﬂt of GABA induced firing depression
i

.,l‘ -“l_.__

without having ang effect on actlohiof 5-HT aq? GLY. Following

superposition of BMC iontophoresis, A II induch enhancement of GABA
action were gradually antagonized. However, subsequent manifestation
of the enhancement uUndér persistant'A II ejection were alsc observed
after termination of BMC ‘application. ' The recovery from A II effect
were also obseryved following cessation df'A II.application. Example

of these results'is shown in Figure 15,
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Figure 14. Effec gﬁ?ﬁf;croiOPtthgretic administration of GABA
antagqpf:zT;icucdlii;; methechloride (BMC; 20 nA) on
responégfi;ga,P;rkinjé;é;ll to iontophcretic application
A II (60/;:;\)’ ABA (zdj:r}A'j and BLY (70 nA). The rate
meter shows tpaEfZS se&if%ﬁter commencement of the
application_BﬂC_§elect£§i&j&and reversibly antagonized
the»&é ressant effe gﬁll; While the

w T
depression of neuronal activity caused by the control

T

agonié% GLY remained unaffected,
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Effect of CABA qn;agonisi_(BMC) on A IT induced

potentiation oFCABA acgiﬁﬁ{ The rate meter shows that

continuous application of A IT(50 pA) produced

enhaﬁé%ment of depression action ofiéABA (5 nA) on

Purkinjé cell discharge, while thq;neuronal actiQity caused
by 15-HT (5@.nA) remained.unaffected. When BMC (20 nA) was
superimposed on A_II application, the observed enhancement
was gradually antagonize. Héwever, the enhancement was
reconstitued ‘after termination of 'BMC, Reco@ery to control
leQel of GABA produced depression was also observed

following cessation of A II application.
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