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I N T R O D U C T I O N

The media l  p reopt ic  a rea  (mPOA) i s  a
key  neura l  s i t e  in  the  regu la t ion  of  male
sexual behaviour (1, 2). The mPOA neurons
show changes in firing rates during different
phases of male sexual behaviour in rats and
monkeys (3 ,  4) .  These  s tudies  have shown
the involvement of the mPOA in both sexual
a rousa l  and  copula tory  per formance .
Stimulation of the dorsal penile nerve (DPN)
which carr ies  sensory information from the
geni ta l i a ,  in f luences  the  mPOA neurona l
activity (5). Some of the dorsal penile nerve

afferents  synapse at  various nuclear  groups
in  the  b ra ins tem,  before  p ro jec t ing  to  the
mPOA.  The  mPOA rece ives  dense  inputs
f rom the  bra ins tem noradrenerg ic  ce l l
groups (6). Injection of norepinephrine (NE)
in to  the  mPOA fac i l i t a tes  mos t  o f  the
components  o f  the  male  sexua l  behaviour
and a lso  increases  wakefulness  (7 ,  8) .  NE
appl ied di rect ly  e i ther  exci ted or  inhibi ted
the  mPOA neurons  in  the  anaes the t i sed
an imals  (9 ) .  The  presen t  s tudy  was
undertaken to find out the responses of the
sex related mPOA neurons to iontophoret ic
application of NE in anaesthetised rats. The
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sex re la ted neurons  were  ident i f ied  by the
responses  of  the  mPOA neurons  to  DPN
s t i m u l a t i o n .

MATERIALS AND METHODS

Experiments were carried out on 10 male
Wistar  ra ts  anesthet ised with urethane (1.5
g /kg ,  BW,  IP) .  Body  tempera ture  was
maintained in  between 37.0 and 37.5°C by
a  hot  water  pad .  The  head  of  the  ra t  was
fixed to the stereotaxic apparatus. The skull
was  exposed and 2  mm diameter  hole  was
dr i l led  b i la te ra l ly  on  the  skul l  a rea  above
the mPOA for recording single unit activity.
The DPN was exposed on the dorsum of the
penis and was isolated from the surrounding
t i ssues  for  s t imula t ion .

P iggyback  mul t ibar re l  microe lec t rode
assembly was used for single unit recording
and for  iontophoret ic  appl icat ion of  drugs .
Three-bar re l  g lass  cap i l l a r ies  (Kwik-Fi l
g lass  cap i l l a r ies ,  WPI ,  USA)  were  pu l led
using a vert ical  electrode puller  (Narishige
Sc ien t i f i c  Ins t rument  Labora tor ies ,  Japan)
and  broken  to  a  t ip  d iameter  o f  4–5  µm.
Single barrel glass capillaries were (1.5 mm
o.d.) pulled to tip diameter of 1 µm for the
record ing  e lec t rodes .  The  record ing
e lec t rode  was  g lued  to  the  mut ibar re l
microelectode at the site with dental cement
so  tha t  i t s  t ip  was  pro t rud ing  15–20  µm
beyond the  e jec t ing barre ls .  The recording
electrode was filled with 3M sodium acetate
mixed  wi th  2% pontamine  sky  b lue .  The
ion tophore t ic  bar re l s  were  f i l l ed  wi th  L-
g lu tamate  (2M) ,  noradrena l ine  b i ta r t ra te
(0 .5  M)  and  NaCl  (0 .5  M)  so lu t ions .  The
drug  so lu t ions  were  f i l t e red  wi th  0 .2  µm

microfi l ter .  The resistance of  the recording
electrode was kept in between 1 and 5 MΩ ,
and that of the drug containing barrels were
kept in between 70 and 90 MΩ.  A retaining
cur ren t  o f  15–20  nA was  appl ied  to
prevent  drug diffusion.  Extracel lular  act ion
poten t ia l s  were  recorded  f rom the  mPOA,
as  per  methods  descr ibed  ear l i e r  (5 ) .  The
electrode assembly was lowered to the mPOA
through  the  ho le  made ,  us ing  a  hydrau l ic
microdr ive  (Model  MO-81 ,  Nar i sh ige
Sc ien t i f i c  Ins t rument  Labora tor ies ,  Japan)
as  per  coord ina tes  f rom the  DeGroot
s te reo tax ic  a t l as  (10) .  Once  a  s tab le  un i t
was  ob ta ined ,  the  DPN was  s t imula ted  as
per methods described earlier (5). After DPN
st imula t ion ,  the  mPOA neurons  were
subjected to iontophoretic application of NE.
Drugs were appl ied from a WPI model  M-
707  microprobe  sys tem.  The  drugs  were
e jec ted  us ing  30–90  nA cur ren t  o f
appropr ia te  po la r i ty  fo r  a  dura t ion  of
10–20 s .  Glu tamate  was  app l ied  to
de te rmine  i f  the  mul t ibar re l  e lec t rode
assembly  was  in tac t  wi th  the  record ing
electrode and at a distance close enough for
the  d rugs  to  exer t  the i r  e f fec t .  Spec i f ic
chemical  effect  was dis t inguished from the
current effect based on the criteria described
by Stone (10).  At the end of the recording
sess ions ,  the  e lec t rode  s i t es  were  marked
by ejecting pontamine sky blue through the
recording electrode by passing 10 A current
for 15 min. The brains were fixed with 150
ml  of  30% formaldehyde  by  in t racard iac
perfus ion  and then  removed and preserved
in  10% formaldehyde  so lu t ion .  10  µm
paraf f in  f ixed  sec t ions  were  processed  for
h i s to log ica l  ver i f i ca t ion  of  the  record ing
s i t e s .
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R E S U L T S

Ext race l lu la r  ac t ion  po ten t ia l s  were
recorded from 21 mPOA neurons.  The data
include those  neurons ,  which responded to
g lu tamate  bu t  no t  to  NaCl .  A typ ica l
response of an mPOA neuron to iontophoretic
protocol used is shown in Fig. 1. Responses
of  a  neuron  to  s ix  repea ted  s t imula t ions
of  the  DPN and  th ree  ion tophore t ic
appl ica t ions  o f  NE were  averaged .  The
data were analysed in epochs of 10 s each.
F i r ing  ra tes  fo r  10  s  each  dur ing  the
pre  s t imula t ion ,  s t imula t ion  and  pos t
s t imula t ion  per iods  were  ana lysed  us ing
Normal  tes t .  The response of  the  uni t  was
cons idered  s ign i f ican t  i f  the  z  va lue  was
more  than  1 .6 .

Fig. 1 : Polygraphic  t rac ings  showing  responses  of  a
media l  preopt ic  a rea  neuron to  iontophore t ic
appl icat ions of  glutamate (A),  norepinephrine
(NE)  (B) ,  Na + (C)  and  s t imula t ion  of  dorsa l
penile nerve (D). Beginning and end of current
appl icat ions  are  shown as  arrows.

Out  o f  the  21  neurons  recorded ,  17
neurons  responded  to  DPN s t imula t ion ,
whereas  14  neurons  responded  to  NE
appl ica t ion  (Table  I ) .  The  base l ine  f i r ing
ra te  o f  mPOA neurons  ob ta ined  f rom 21
neurons  were  in  be tween  0 .5  to  35 .8  Hz .
(Mean ± SD, 7.62 ± 10.21) .  DPN st imulat ion
in 21 neurons produced inhibit ion in 8 and
exc i ta t ion  in  9 .  Ion tophore t ic  app l ica t ions
of  NE in  the  v ic in i ty  o f  these  neurons
produced  inh ib i t ion  in  8  and  exc i ta t ion
in  6 .  The  d i rec t ion  of  changes  by
DPN s t imula t ion  and  ion tophore t ic  NE
application were similar in 10 neurons. Out
of  these,  f ive neurons,  which were exci ted
by DPN s t imula t ion ,  were  a l so  exc i ted  by
NE application. Another five neurons, which
were  inh ib i ted  by  DPN s t imula t ion ,  were
a lso  inhib i ted  by  iontophore t ic  appl ica t ion
of  NE.  Reversa l  of  exci ta tory  response  by
DPN s t imula t ion  to  inh ib i t ion  by  NE
appl icat ion was observed in  three  neurons.
One neuron responded to NE but not to DPN

Fig. 2 : Ef fec t  o f  ion tophore t i c  app l i ca t ions  o f
norepinephrine (NE) on three different medial
p reop t i c  a rea  neurons .  Neuron  A shows
increase whereas neuron B shows decrease in
f ir ing rate .  Neuron C did not  respond.
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respons ive  to  gen i ta l  a f fe ren t  s t imula t ion .
The effects  of  the DPN st imulat ion on the
mPOA neuronal activity have been discussed
in detai l  in our previous report  (5) .  In the
present study, the DPN was stimulated to
identify the neurons in the mPOA responsive
to  gen i ta l  a f fe ren t  inpu ts .  These  neurons
are  des igna ted  as  sex  re la ted  neurons  in
this  s tudy.  These sex related neurons were
further subjected to iontophoretic applicat ion
of  NE,  which  produced  both  exc i ta t ion  as
wel l  as  inhibi t ion.

TABLE I : The mean f i r ing rate  of  21 preopt ic  area neurons (mPOA) neurons (Mean±SD) before,  during
and af ter  dorsal  peni le  nerve s t imulat ion and iontophoret ic  appl icat ion of noreinephrine (NE).

DPN s t imula t ion NE app l i ca t ion
No.  of  Neurons

Before D u r i n g A f t e r Before D u r i n g A f t e r

1. 4.53± 1.0 3.42± 0.45* 3.93± 0.43 5.06± 0.76 4.2± 0.26* 5.06± 0.64

2. 5.2± 0.14 5.43± 0.3 5.23± 0.23 5.33± 0.76 5.96± 1.0 5.46± 0.46

3. 38.5± 4.04 28.5± 9.11* 39.0± 3.82 25.0± 3.69 23.7± 4.57 22.25± 1.7

4. 4.1± 0.53 8.15± 0.63* 5.1± 0.8 7.16± 1.3 9.5± 0.97* 12.92± 1.7*

5. 7.14± 0.74 5.98± 0.49* 5.96± 0.65* 6.68± 0.52 5.8± 0.66* 5.82± 0.94*

6. 5.21± 0.14 6.53± 0.72* 6.2± 0.37 4.93± 0.11 2.43± 0.37* 3.76± 1.53

7. 1.78± 0.33 3.58± 0.41* 1.91± 0.41 1.90± 0.1 1.23± 0.03* 1.66± 0.05

8. 3.60± 1.27 5.03± 1.49* 3.03± 1.00 4.75± 0.07 3.25± 0.67* 2.7± 0.14*

9. 6.73± 0.90 6.3± 0.79 6.33± 0.05 2.47± 0.53 3.05± 0.68 2.55± 0.51

10. 1.2± 0.0 0.7± 0.1* 1.1± 0.09 1.13± 0.2 0.33± 0.11* 1.11± 0.2

11. 4.6± 1.21 14.26± 3.1* 4.06± 0.11 6.45± 0.23 6.10± 0.11 6.47± 0.44

12. 1.53± 0.11 3.6± 0.26* 1.46± 0.15 1.06± 0.23 1.76± 0.05* 1.40± 0.54*

13. 11.7± 1.97 13.6± 2.88 11.2± 1.15 8.92± 1.58 9.84±2.16 9.32± 1.30

14. 9.89± 2.10 16.3± 3.39* 9.13± 2.24 7.65± 0.52 9.17± 0.62* 13.0± 0.34*

15. 4.72± 0.99 3.70± 0.64* 4.40± 1.00 5.50± 0.62 4.4± 0.38 4.90± 0.60

16. 4.85± 0.76 4.75± 1.38 5.02± 0.86 4.90± 0.21 6.25± 0.92* 5.82± 0.41*

17. 35.8± 6.22 24.06± 2.5* 37.3± 6.11 22.5± 5.54 20.5± 5.07 20.9± 4.43

18. 0.51± 0.2 1.91± 0.17* 1.43± 0.18 0.46± 0.15 1.50± 0.20* 1.06± 0.11*

19. 5.23± 0.23 6.6± 0.42* 5.86± 0.35 3.66± 0.73 5.86± 0.32* 4.96± 1.04*

20. 1.72± 0.55 0.58± 0.19* 1.4± 0.55 1.9± 0.74 0.81± –.35* 1.80± 0.48

21. 1.5± 0.26 0.46± 0.15* 1.53± 0.05 1.02± 0.29 0.90± 0.27 1.0± 0.33

The signif icant  changes (*) indicate Z value more than 1.96 obtained after  applying normal test .

s t imulation. Three neurons which responded
to DPN stimulation were not affected by NE
appl ica t ion .  The  exc i ta to ry  and  inh ib i to ry
responses  of  two mPOA neurons  to
ion tophore t ic  NE appl ica t ion  a re  shown
in Fig 2.  The effect  of NE lasted for 20 s
1.6  min.

D I S C U S S I O N

The present  study is  the f irst  report  on
the  e f fec t  o f  NE on  the  mPOA neurons
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NE application produced both inhibitory
as well as excitatory responses on the mPOA
neurons .  Loca l  app l ica t ion  of  NE by
iontophoresis suppressed neuronal discharge
in  the  ce rebra l  cor tex ,  ce rebe l lum,
h ippocampus ,  tha lamus ,  hypotha lamus  and
preopt ic  a rea  (12–18) .  These  depressan t
ac t ions  are  a lso  mimicked and b locked by
agonists and antagonists respectively. These
f ind ings  suppor t  the  no t ion  tha t  NE i s
pr imar i ly  an  inh ib i to ry  t ransmi t te r  a t
central  synapses including the POA. But in
our  s tudy  a  s ign i f ican t  popula t ion  of  the
mPOA neurons showed excitatory responses
to  ion tophore t ic  NE appl ica t ion  bes ides
inh ib i to ry  responses .  NE a l so  has  been
shown to  p roduce  exc i ta to ry  responses  in
paraventr icular  nucleus (18) .  One plausible
explana t ion  for  the  dua l  response  of  sex
re la ted  neurons  to  NE  could  be  tha t  i t  i s
media ted  by  d i f fe ren t  noradrenerg ic
recep tors ,  a l though  th i s  i s sue  was  no t
addressed in this study. Excitatory response
to  noradrena l ine  has  been  shown to  be
mediated by α 1 receptor  whereas inhibi tory
response has been shown to be mediated by
β receptor  (18) .  There  i s  change  in  f i r ing
rates of the mPOA neurons during different
phases of male copulatory behaviour (3, 4).
In  in te rpre t ing  the  responses  o f
ion tophore t ic  NE appl ica t ion  on  the  sex
re la ted  neurons  of  the  mPOA,  i t  i s  a l so
necessary  to  exp la in  them in  re la t ion  to
behavioura l  con tex t .  The  resu l t s  o f  th i s
s tudy  ind ica te  tha t  NE i s  capab le  o f

increas ing  as  wel l  as  decreas ing  the  mean
firing rate of the mPOA neurons. Therefore,
in  a  behav ioura l  s i tua t ion  l ike  copula t ion
where  there  i s  moment  to  moment  change
in  f i r ing  ra te  o f  the  mPOA neurons ,  NE
probably  has  a  modula tory  role .

I t  i s  a lso  important  to  consider  a t  th is
s tage ,  the  ab i l i ty  o f  NE to  in f luence
spontaneous  f i r ing  ra te  of  mPOA neurons .
However  such  abi l i ty  does  not  necessar i ly
expla in  i t s  con t r ibu t ion  to  the  mPOA
neuronal  circuit ,  which is  involved in such
a  complex  behaviour  l ike  copula t ion .  The
af fe ren t  inputs  f rom DPN to  the  mPOA
produce  bo th  exc i ta to ry  and  inh ib i to ry
responses .  The  dua l  ac t ions  o f  NE in  the
mPOA may be  re inforc ing  these  phas ic
inputs  f rom the  g lans  pen is .  Resu l t s  a l so
sugges t  the  poss ib i l i ty  o f  exc i ta tory  input
be ing  changed  to  an  inh ib i to ry  one  by
endogenously avai lable  NE.  Such examples
of gating action of NE have been shown in
cer ta in  behav ioura l  s i tua t ions  (19 ,  20) .
Therefore, it  is suggested that the influence
of  phas ic  exc i ta to ry  or  inh ib i to ry  inpu ts
from the DPN on the mPOA neuronal firing
can  be  modula ted  by  loca l  l eve l  o f  NE,
d ic ta t ing  the  ga in  o f  a  spec i f ic  inpu t ,
which  may be  requi r ing  ampl i f ica t ion  for
main tenance  of  a  g iven  behavioura l  s ta te .
Affe ren t  in format ion  f rom the  gen i ta l i a
(carried by the DPN) and the release of NE
at  the level of the mPOA, probably help in
maintaining adequate level of sexual arousal.
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