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    8. THE  EFFECT  0F  CHLORPROMAZINE  ON  THE

      AFFERENT  PAPHWAYS  OF  THE  HIPPOCAMPUS

             Hiroshi TAKAGi,  M.D.  AND  Takashi BAN,  M.D.

       Department  qf Pharmacology  fitieulty of Adedicine, K),oto University, K)Joto

    Recent anatomical,  physiological and  clinical  investigations have led to interest

in the role  of  the limbic system  for emotional  behavior. Hippocampal and

amygdaloid  connections  have been determined by Green and  Adeyi) and  C}loorL')

using  the electrophysiological  methods.

    En our  labora"Lory, Takagi et  al.3) have reported  the effect  o･f psychotropic

drugs on  the several  afferent  pathways of  the central  nervous  system  of  the cat.

    The  experiments  reported  bere were  undertaken  in an  attempt  to clarify  the

mode  of  action  of  chlorpromazine  on  the limbic system,  especially  on  the afferent

alld  efferent  pathways of  the hippocampus.

                               Methods

    The experiments  were  carried  out  on  24 cats  of both sexes.  Surgical pro-

cedures  were  performed under  ether  anesthesia,  then the spinal  cord  was  transected

at  the Ci level (encephale isole) and  maintained  in a  stereotaxic  apparatus  after

which  artificial respiration  was  instituted and  anesthetic  discontinued. About  2

hours had elapsed  before experimenptal  data were  recorded.  Cortical recordings

were  taken  from monopoiar  silver  wire  usually  placed epidurally.  Subcortical

recordings  were  made  from bipolar electrodes  with  1 mm  separation  in vertical

dimension. Square wave  /stimuli were  given from a  stimulator  with  an  isolation

unit.  Recordings  were  made  on  an  2-channel electroencephalograph  and  a  cathode-

ray  oscillograph  in connection  with  R-C  couplcd  amplifier. All drugs were  ad-

 ministered  by the  intravenous route.

                               Results

     Efiect on  hippocampal seizures  induced by stimulation  of  fornix: Drug effects

on  the duration and  threshold  of  hippocampal seizures  produced  by repetitive

 stimulation  of the precemmissural fornix were  investigated. Trains of stimuli

 at  150/sec. for 5 sec.  were  applied  at  gradually increasing voltages  until  seizures

 initiated, The durataon and  threshold of scizures  varies  on  each  animal.  When  the

 strength  oC  the stimulus  was  suMcient,  these  seizure  discharges spread  to other

  This study  was  supported  in part by a  Grant in Aid for Scientific Research from lhe

  Ministry of  Education.
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lirnbic structures  and  cerebral  cortices  and  ended  simuttaneously.  In doses of  1 to
3mg/kg  chlorpromazine  caused  a reduction  in duration and  an  elevation  in
threshold of seizures.  In cases  received  3 mg/kg  chlorpromazine  the seizures were

compietely  suppressed  and  recovery  gradually became apparent  about  an  hour  after

administration  of drug (Fig. 1).

    Hexobarbital sodium  in doses of  10 to 20 mg/kg  caused  a marked  reduction

in duration and  an  elevation  in threshould.
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 Fig. 1. Effect of  chloTpromazine  on  the hippocampal seizures  pro-

    duced by  stimulation  of  the fornix at  l501sec. Recordings were
    taken  from hippocampus (HPC) and  sensory  certex  (SC).
    A  group:  control  (stimulated at 5.2V)

    B greup:  5min. after  3mglkg  chlorpromazine  (stimulated at  5,2V)
    C  group  : 30min. after  injection (stimulation was  increased to 6,5V)
    Calibration: ordinate  200ptY, abcissa  2sec.
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    Efiects on  afierent  pathways  to hippocampus:

1) Afferent from fornix to hippocampus: It has been reported  by Green and
Adeyi)  that a single shock  to the fornix evoked  a  potential in the hippocampus
and  repetitive  stimuli  (10/sec) to the fornix caused  a  potentiation of  the evoked

potential, namely  post-tetanic potentiation (PTP) which  was  also  confirmed  by
the authors.

    Chlorpromazine,  at  1 to 5 mg/kg  caused  no  significant changes  in the single

shock  potential as  well  as  in PTP  (Fig. 2).

    Hexobarbital  sodium  in dose of  10 mglkg  blocked a  development of  poten-
tiation without  affecting  on  single evoked  potential.
2) Afferent from amygdala  to hippocampus: Gloor2> has reported  that a single

shock  to the basolateral nuclei  of  amygdala  produced a  evoked  potentiaHn the

hippocampus and  its potentiation or  recruitment  wus  observed  after  reptitive  stimuli

to the same  site of  amygdala.  In the present experiment,  potentiations were  more
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A B

Fig. 2. Effeet of chlorpromazine  on  single  shock  po-
tential and  post-tetanic potentiation recorded  from

hippocampus  following single  Qr  repetitive  stimuli

of  fornix.
Upper traces: potential evoked  by single  shock,

Lower traces:  potentiation produced  by repetitive
             stimuli.

A: control,  B: 15min,  after  lmglkg  chlorpro-

mazine.  Calibration: 100ptV and  50cfsec,

    A B C

Fig, 3, Effect of  chlorpromazine  on  single  shock  po-
tential and  post-tetanic potentiation recorded  from
hippocampus following single  or  repetitive  stimuli

of  basolateral nuclei  of  amygdala.

Upper traces: potential evoked  by  single  shock.

Lower  traces: potentiation produced  by  repetitive

             stimuli.

A  group:  control,  B  group:  l5min.  after  lmgl

kg chlorprQmazine.  C  group: 6emin.  after  ad-

ministration  of  drug,
Note a  suppressive  effect  of  chlorpromazine  on  po-
tentiation foilowing repetitive  stimuli  of  amygdala.

Calibration: 100ptY and  50clsec.
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frequently observed  than  recruitment  during and  after repetitive  stimulation

(1O/sec).

    One  mg/kg  of chlorpromazine  depressed a  development of  potentiation with-
out  any  effect  on  a single  shock  potential･ (Fig, 3). This effect continued  about  60
to 90  rninutes,

    Hexobarbital  sodium  1O mg/kg  depressed PTP  and  administration  o'f metrazol

(20 mg/kg)  an,tagonized  to hexobarbitztl effect.
3. Effects on  efferent pathways from hippocampus to hypothalamus: Green
and  Adeyi) found that single  stimu]atjon  te the hippocampus evoked  a  potential
in the hypothalamus and  when  the frequency of  stimulation  was  changed  to 1O/sec
a slight potentiation of  the potential was  seen,

    After 1 to 3 mg/kg  of  chlorpromazine  no  significant  effects  were  observed  in
these potentials. 

'

    Hexobarbital sodium  in dose of  IO mglkg  exerted  blocking action  on  the
development

 ol  potentiation without  affecting on  single evoked  potential.

                              Discussion

     In this investigat'ion the ebservation  of  Takagi et al,3) on  the action  of several
psychotropic drugs on  the central  nervous  system  of the cat  has been extended
to the linibic system.

    
El(fects

 on  hippocampal seizure  dischar.oes: Chlorpromazine in 1 to 3 mg/
kg

 doses suppressed  hippocarnpal afterdischarges  induced by stimulation  of  the
fornix.

    The
 
resutts

 
obtained

 here agree  with  those of  Killam et  al.4) but do not  support
the view  of  Gangloff and  Monnier5) that chlorpromazine  enhances  the  duration of
hippocampal

 
seizures.

 It has been reported  by Preston6) and  Takagi  et  al.9) higher
doses.of

 chlorpromazine  (35-40 mg/kg)  produced seizure  discha/rges in amygdaloid
nuclei

 
of

 
the

 cat. [rhe action  of  chlorproiiLazime  on  the hippocampus seems  to be
different

 from the action  on  the amygdafa,  although  the authors  did not  determine
the

 effect of  higher dose of  chlorpromazine  on  the hippocampus.

  . 
Hexoberbital

 sodium  was  the most  effective  blocking agent  for hippocampal

         Similar data with  pentobarbital had been reported  £or  cats  (Killam
selzures.

and
 
Killam7)

 and  rabbit  (Green and  Shimamoto7), Gangloff and  Monnier5}).

 , ,Efiects

 on  dierent from fornix to hippocampus: Chiorpromazine hacl no
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Tbese

 
facts

 
suggest

 that suppressive  effect of  chlorpromazine  on  the hippocampal
seizures

 are  not  due  to their depressive action  on  afferent  pathway from the  fornix,
but

 
due

 
to

 
their

 direct suppressive  action  on  the  excitability  of  the hippocampus
itself.
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    Hexobarbital sodium  caused  a  suppression  on  PTP  without  notable  effects

on  single  shock  response.  .

    Efiects on  afierent  from amygdata  to hippocampus: Chlorpromazme de-

pressed the post-tetanic potelltiation without  affecting  the  single  shock  potgnt.ial.

The facilitatory a £ter-effeets of  repetitive  stirnulation  characterizing  potentiation

are deriyed from the incrcased centrag  excitation  of  certain  synapses  due to summa-

tion phenomena  which  are  produced by repetitive  firing. Thus, it would  
be

 
con-

sidered  that chlorpromazine  depresses the summation  of  facilitatory states  
in

 
this

amygdaloid  projection system.  .
    Hexobarbital sodium  showed  more  marked  blocking action  on  post-tetamc

petentiation than  that  of  chlorpromazme.

    Efiects on  efierent  from hippocamptts to hypothalamus: Many  efferent  path-
                                                               Green
ways  from the hippocampus to adjacent  structures  have been reported  

by

                                                             to hypo-
and  Adeyi). The  authors  have taken efferent pathway from hippocampys

thalamus, as  a  measure  in order  to determine the effect  of psychotropic drugs on

hippocampal influence to hypothalamus. Chlorpromazine caused  no  notable  
effect

on  this pathway. Hexobarbital sodium  showed  biocking action  en  a development

of  potentiation without  effect on  sing,le shock  potential.

    GeneraE  consideration:  ( hlorpromazine exerts  a  selective  effect  upon  the

hlppocampus or the facilitatory mechanism  (PTP) in the amygdaloid-hippocam?al

pathway. This selective  effect  stands  in contrast  with  the diffuse suppressive

action  of hexobarbital.

    The role o/f the PTP  in the physiology of the  nervous  system  is unknown.

There are,  however, many  suggestions  that potentiation plays a  major  role,  even

possibly in the sphere  of perception and  learning. The  changes  in PTP  
studigs

are  long lasting and  in the direction of  increased responsiveness.  Also, therc is

 psychophysicai evidence  in the visual and  auditory  systems  for PTP  (Hughes9)).

     The  findings obtained  here may  provide a  neurophysiological  basis for

clinical  effects of  chlorpromazine,

     Further studies  on  the  effect  of other  psychotropic drugs on  the llmbic system

 are  m  progress.

                              Summary

l. The effects of  chlorpromazine  on  the afferent and  efferent pathways of the,

hippocampus  were  investigated and  compared  with  that of  hexobarbital sogium.

2. Chlorpromazine  and  hexobarbital sodium  suppressed  the hippocampal seizures

induced by repetitive stimulati'on of  the fornix,

    3. Single shock  response  or  post-tetanic potentiation recorded  from the

hippocampus following single or  repetitive stimulation  of  the  fornix
 
were

 
not

depressed by chlorpromazme.  ..
    Hexobarbital sodium  suppressed  the development of potentiauon without
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any  effect  on  single  shock  potential in this pathway.
    4. Chlorpromazine and  hexobarbital sodium  selectively depressed post-
tetanic potentiation following reptitive  stimulation  of  amygdala  with,out  affecting

sing}e shock  potentiai.
5. Effects of  these drugs on  the efferent  pathway  from the hippocampus to

hypothalamus were  investigated. Chlorpromazine had･no  significant  effects  on

this pathway. Hexobarbital sodium  suppressed  the development of  potentiatioB
of  the hypothalamic  response  following Tepetitive  stimulation  of  the  hippocampus

without  notable  effect en  single shock  response.
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