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Iontophoresis, air pressure, or m
anual ejection of neuronal tracer

and excitotoxin are techniques often used to study connectivity and
function of specific brain nuclei. T

he interpretation of data obtained
from

 such studies depend on tw
o m

ajor param
eters -- electro-

physiological identification of the target site and injection volum
e.

A
lthough not routine, recording extracellular neural activity can be

used to center injections in functionally identified areas. It rem
ains

a challenge, how
ever, to place sm

all injections (<
100nl) reliably in

the brain. T
his often m

akes interpretation difficult especially for
sm

all subcortical structures w
here large injections usually extend

w
ell beyond the target site.

To m
ore reliably place sm

all injections, w
e m

odified a
com

m
ercialy available device (N

anoject II, D
rum

m
ond S

cientific),
to record extracellular neural activity.  T

he N
anoject II uses a direct

drive, a stainless steel piston inside a fluid filled pipette, and can
inject as little as 2.3nl w

ith each activation. T
he present experi-

m
ents tested this new

 instrum
ent for electrophysiological localiza-

tion of the gustatory responsive area of the parabrachial nucleus
(P

B
N

) and injection of sm
all volum

es (<
60nl) of the tracer

F
luorogold or the excitotoxin ibotenic acid.

F
luorogold: E

lectrophysiology
Introduction

P
B

N
: 23nl Injection

T
he response of a P

B
N

 taste cell to 0.1M
 N

aC
l (black bar, 7s) recorded w

ith a pipette
attached to the new

 N
anoject II. O

nce gustatory responsive cells  w
ere localized, the

retrograde neuronal tracer F
luorogold w

as ejected from
 the pipette at a rate of 2.3nl/step.
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version

 T
he procedures for electrophysiological identification of the gustatory P

B
N

 w
ere identical to

that for F
luorogold. D

otted area for 11.5 and 23.0nl is the approxim
ate size of excitotoxin

lesion.

P
B

N
: 59.8nl Injection

S
odium

 appetite tests 1, 2, &
 3 occured 24hr follow

ing furosem
ide-

induced sodium
 loss.  T

hree of the 5 rats in the 23nl P
B

N
x group

failed to express a sodium
 appetite.  T

he rem
aining 2 anim

als in
this group and all 4 of those w

ith 11.5nl IB
O

 injections displayed a
norm

al sodium
 appetite.

A
ll anim

als learned to avoid drinking 0.2M
 sucrose follow

ing
T

rial 1 pairing w
ith LiC

l.

23n
l In

jectio
n

C
e, central nucleus of the am

ygdala (M
, m

edial; L, lateral; C
, capsular); B

LA
,

basolateral nucleus of the am
ygdala. C

olum
n 1, approx. -3.14m

m
 posterior to

bregm
a; C

olum
n 2 approx.-2.8m

m
; C

olum
n 3 approx.-2.3m

m
.
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T
he N

anoject II w
as successfully m

odified to
record extracellular neural activity.

S
m

all nanoliter injections w
ere consistently

placed in the gustatory parabrachial nucleus.

T
he effects of sm

all excitotoxic lesions suggest
a functional topography w

ithin the gustatory
parabrachial nucleus.
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G
eneral M

ethods
S

u
b

je
c

ts
: E

ig
h

te
e

n
 m

a
le

 S
p

ra
g

u
e

-D
a

w
le

y ra
ts w

e
ig

h
in

g
 b

e
tw

e
e

n
 3

4
0

-4
8

5
g

ra
m

s.  A
n

im
a

ls h
a

d
 fre

e
 a

cce
ss to

 n
o

rm
a

l ra
t ch

o
w

 a
n

d
 d

istille
d

 w
a

te
r u

n
le

ss
otherw

ise noted. In all surgical procedures the rats w
ere anesthetized w

ith a 50
m

g
/kg

 in
je

ctio
n

 o
f N

e
m

b
u

ta
l.

M
o

d
ified

 N
an

o
ject II: T

he N
anoject II uses direct piston displacem

ent. To
e

n
a

b
le

 re
co

rd
in

g
 o

f e
xtra

ce
llu

la
r n

e
u

ra
l a

ctivity, th
e

 p
isto

n
/flu

id
-fille

d
 p

ip
e

tte
w

a
s e

le
ctrica

lly iso
la

te
d

 fro
m

 th
e

 re
st o

f th
e

 in
stru

m
e

n
t.

G
u

stato
ry L

o
calizatio

n
: B

y recording through the solution in the N
anoject II

pipette, gustatory neurons w
ere identified by their responsiveness to stim

ulation
o

f th
e

 a
n

te
rio

r to
n

g
u

e
 w

ith
 0

.1
M

 N
a

C
l.

F
lu

o
ro

g
o

ld
 an

d
 Ib

o
ten

ic A
cid

: T
he retrograde neuronal tracer F

luorogold
(F

G
)  w

as used at a concentration of 2%
 m

ixed w
ith 0.15M

 N
aC

l.  T
he volum

e
o

f F
G

 in
je

cte
d

 w
a

s 5
9

.8
n

l (n
=

1
), 2

3
n

l (n
=

2
), o

r 11
.5

n
l (n

=
3

). T
h

e
 e

xcito
to

xin
ib

o
te

n
ic a

cid
 (IB

O
) w

a
s u

se
d

 a
t 2

0
m

g
/m

l m
ixe

d
 in

 p
h

o
sp

h
a

te
 b

u
ffe

re
d

 sa
lin

e
.

T
he volum

e  of IB
O

 in
je

cte
d

 w
a

s 2
3

n
l (n

=
5

) o
r 11

.5
n

l (n
=

4
). T

he control group
(n=

4) consisted of tw
o non-surgical rats and tw

o rats in w
hich the gustatory P

B
N

w
a

s lo
ca

lize
d

, b
u

t IB
O

 w
a

s n
o

t in
je

cte
d

.

Im
m

u
n

o
h

isto
ch

em
istry:

F
lu

o
ro

g
o

ld
: F

ive days post injection, rats w
ere euthanized w

ith a lethal dose of
N

e
m

b
u

ta
l (1

0
0

 m
g

/kg
 ip

) a
n

d
 p

e
rfu

se
d

 w
ith

 0
.9

%
 h

e
p

a
rin

ize
d

 sa
lin

e
, fo

llo
w

e
d

b
y b

u
ffe

re
d

 4
%

 p
a

ra
fo

rm
a

ld
e

h
yd

e
 (p

H
 7

.4
). T

h
e

 b
ra

in
 w

a
s re

m
o

ve
d

, cu
t a

t
5

0
µ

m
, a

n
d

 p
ro

ce
sse

d
 fo

r in
te

n
sifica

tio
n

 o
f F

lu
o

ro
g

o
ld

.
Ib

o
ten

ic A
cid

: T
he procedures w

ere identical to those described above w
ith 2

e
xce

p
tio

n
s. F

irst, th
e

 a
n

im
a

ls w
e

re
 p

e
rfu

se
d

 fo
llo

w
in

g
 b

e
h

a
vio

ra
l te

stin
g

, w
h

ich
lasted about 2 m

onths. S
econd, the tissue sections w

ere stained for the neuronal
m

a
rke

r N
e

u
N

 (C
h

e
m

ico
n

).

S
o

d
iu

m
 A

p
p

etite: O
ne w

eek after the LTA
 experim

ents, anim
als w

ere housed
in w

ire-m
esh m

etabolic cages. F
or 7 days, the anim

als had access to w
ater and

0
.5

1
M

 N
a

C
l a

tta
ch

e
d

 to
 th

e
 fro

n
t o

f th
e

 ca
g

e
s. O

n
 d

a
y 8

, a
n

im
a

ls w
e

re
 m

a
d

e
sodium

 deficient by injection of furosem
ide (6m

g/kg sc). O
nly w

ater and sodium
d

e
ficie

n
t ch

o
w

 (Te
kla

d
) w

e
re

 a
va

ila
b

le
 o

ve
rn

ig
h

t. T
h

e
 n

e
xt d

a
y w

a
te

r a
n

d
 N

a
C

l
solution w

ere returned to the cages and intake w
as m

easured at .25, .5, 1, 2, and
2

4
h

r in
te

rva
ls. W

a
te

r a
n

d
 N

a
C

l re
m

a
in

e
d

 o
n

 th
e

 ca
g

e
s fo

r 6
 m

o
re

 d
a

ys. T
h

is
sequence, an injection day w

ith furosem
ide follow

ed by a test day and a subse-
quent 6 day baseline period, w

as repeated a second and third tim
e. F

inally, this
sequence w

as repeated a fourth tim
e except that the injection day w

as w
ith an

e
q

u
iva

le
n

t vo
lu

m
e

 o
f 0

.9
%

 sa
lin

e
 in

ste
a

d
 o

f fu
ro

se
m

id
e

.

L
earn

ed
 Taste A

versio
n

 (LTA
): T

w
o w

eeks after surgery, anim
als w

ere
w

a
te

r re
stricte

d
 w

ith
 1

5
m

in
 a

cce
ss e

a
ch

 m
o

rn
in

g
 a

n
d

 1
h

r e
a

ch
 a

fte
rn

o
o

n
. T

h
e

co
n

d
itio

n
in

g
 p

ro
ce

d
u

re
 co

n
siste

d
 o

f re
p

la
cin

g
 m

o
rn

in
g

 w
a

te
r w

ith
 0

.2
M

 su
cro

se
(C

S
) fo

llo
w

e
d

 3
0

m
in

 la
te

r w
ith

 a
n

 in
je

ctio
n

 o
f 0

.1
5

M
 L

iC
l (U

S
; 1

.3
3

m
l/1

0
0

g
 ip

).
W

ater w
as available for the next tw

o days. T
his sequence w

as repeated a second
a

n
d

 th
ird

 tim
e

 fo
r a

 to
ta

l o
f 3

 C
S

-U
S

 p
a

irin
g

s. F
o

llo
w

in
g

 tw
o

 w
a

te
r d

a
ys, th

e
a

n
im

a
ls a

g
a

in
 h

a
d

 1
5

m
in

 a
cce

ss to
 th

e
 C

S
, b

u
t n

o
t su

b
se

q
u

e
n

tly in
je

cte
d

 w
ith

LiC
l (1-bottle test). F

ollow
ing tw

o m
ore w

ater days, the anim
als w

ere presented
w

ith w
ater and the C

S
 (2-bottle test).


