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histochemistry (Choline Acetyltransferase, Tyrosine Hydroxylase, Substance P) and
NADPH-diaphorase Histochemistry in Frontal and Horizontal Sections

Veronika Nhmcova, Pavel Petrovjcky and Hans J. ten Donkhlaar*

With 4 Figures

(Receelved October 16, 1996)
(Accepted In revised form February 22, 1997)

Summary: 37 complete frontal and horizontal series of rat brain were studied to compare the distribution of choline
acetyltransferase- (ChAT), tyrosine hydroxylase- fTH), substance P- (SP), ealbindin D- (Calb) and NADPH-dia-
phorase (NADPH-d)-positive cells within the cytoarchitectonie borders of the iateru-dorsal tegmental nucleus (L-D)
and 1ts neighbourhood. We found the same distribution, number and morphology of NADPH-d-positive cells and
ChAT-positive cells. Rostrally, there are no borders between NADPH-d-positive cells of L-D arid NADPH-d-positive
cells of the lateral part of the dorsal raphe nucleus. Only a few TH-positive cells are intermingled wilh ChAT/NADPH-
d-positive cells at the lateral border of L-D. TH-positive cells are larger or the same size as cholinergic neurons. Locus
coeruleus and its rostral part is full of TH-positive cells and their fibres run ventromedially towards L-D. Barrington’s
nucleus appears In double staining (ChAT and TH or NADPH-d and TH) as an empty area bordered by ChAT- or
NADPH-d-positive cells of L-D and TH-positive fibres of the locus coeruleus. Some of these libres run through the
Barrington’s nucleus. The shape and size of SP-positive neurons Is the same as ChAT- and NADPH-d-positive neu-
rons. SP-positive neurons are sparsely distributed In all parts of L~D, but there are only a few SP-positive cells In Its

medial part. About 50% of the ChAT- and NADPH-d-positive cells are also SP-positive.
Results are expressed by figures In three representative frontal sections and one horizontal section through the dor-

sal mesopontine tegmentum.

Key words: latero-dorsal tegmental nucleus, choline acetyltransferase, tyrosine hydroxylase, substance P, NADPH-

diaphorase

Introduction

The latero-dorsal tegmental nucleus of Castaldi (L-
D) (Castarai, 1926) Is located In the substantia gri-
sea centralis (SGC) iIn the dorsal tegmentum of the
pontomesencephalic junction. It I1s bordered me-
dially by the dorsal tegmental nucleus of Gudden
(dG) and more rostrally by the dorsal raphe nucleus
(RD), and laterally by the locus coeruleus (Coe). L-
D lies under the surface of the fourth ventricle and
Its ventral part leaves the SGC In the ventrolateral
direction. The caudal part of L-D contains a group
of morphologically, histochemically and immunohi-
stochemically different cells - Barrington’s nucleus

(Bar) (Barrington, 1925).
L-D plays an important role in the ascending reti-

cular activating system (Moruzzi and M agoun,
1949), paradoxical sleep (Gnad and Pegram,1980;

Hobson €t al., 1986: Sakai, 1988: Shiromani and G ii-
LiN, 1987; Kayama et al-, 1992: MccCcarley et al.,
1995), global attentive state in response to a novel
stimulus (Koyama et al., 1994), regulation of regio-

nal blood flow In the thalamus (K oyama et al. (1994),
regulation of the seizure treshold (Mirier et ai.,
1991), oculomotor mechanisms (Cornwalr et al.,
1990), and release of acetylcholine In the basal fore-
brain (Prast and Philippu, 1992). Barrington’s
nucleus Is Involved In the micturition reflex (Bar-
rington, 1925) and In stress (Imaki et al., 1991).
Cells of the L-D are immunohistochemically
heterogenous, mostly known as cholinergic group
Cho (M esulam €t al., 1983). Sutin and Jacobowitz
(1988) described the distribution of cells positive for
acetylcholinesterase (AChE), choline acetyltrans-

terase (ChAT), galanin, neurotensin, substance P

(SP), dynorphin B, vasoactive Intestinal peptide
(VIP), calcitonin gene related peptide (CGRP), cor-
ticotropin-releasing factor (CRF) and atrial natriure-
tic factor (ANF) In the area of L-D. In L-D also the
substances are present. ChAT mRNA (Oh et al,,
1992), nitric oxide synthase (NOS) and ChAT (D aw-
son et al., 1991; bun et al. 1994: Rodrigo et al.,
1994), ChAT and spP (Vincent, 1983b), ChAT, SP
and ANF (skofitsch et al. 1985; standaert, 1986),
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CRF (OLNCHOMKA el al.. 1982: Cummings et al.. 1983;
Swanson et al.. 1983: Miuuchinhaiter, 1984: Saka-
naka et al.. 19H7). CRF mRNA (Austin.et al.. 1995),
CRF, SP and AChE <crw u:y et al.. 1985), arginine
succinate synthetase (N akamura et al., 1991 ). citruF
line (Pasouai.utio €l al., 1991 ), Calbindin D (Gi-ui.a
et al., 1993), and c ABA (Ford et al., 1995).

Nicotinamide adenine dinucleotide phosphate-
diaphorase (NADPH-d) activity was found In all
cholinertric cells of L-D (Vincent et al., 1983a;
N akamura €t aL 1988; M esulam €t aI., 1989: G hula,
el aL, 1993). Topography of the ceils and borders of
the nucler were similar to cresylviolet staining
(Pktrovicky and NAMOOVA 1995), but NADPH-d-
positive cells were also present In neighbouring
structures. We divided the L-D into 4 parts (pars
rostralis, pars medialis, pars centralis and pars ven-
tralis). The present study was undertaken to com-
pare the distribution of choline acetyltransferase-
(ChAT), tyrosine hydroxylase*- (TH), substance P-
and NADPH-d-positive cells within the cytoarchi-
tectonie borders of the L-D and its neighbourhood.
This small 1immunohistochemical atlas of frontal
and horizontal sections through the L-D will serve
for future tract-tracing studies

Material and Methods

For 1his study the brains of 17 adult Wistar rats were used. The
weight of the animals was 30()g. The rat brains were treated
with antibodies for choline acetyltransferase (ChAT, Chemicon,
U.S.A.), tyrosine hydroxylase (TH, Incstar,U.S.A.), substance P
(SP, Dr. Benoit, Montreal) and calbindin D2*K (Calb, Sigma,
U.S.A.) and compared with 20 frontal series stained with
cresylviolet or with NADPH-d rich neurons demonstration.

hnnuinohistochennstry: Animals were anesthetized with Narco-
vet, Dbriefly perfused with Ca+hfree Tyrode buffer (carboge-
nated) at pH 7,3 and perfused with 4% paraformaldehyde In
phosphate buffer (PBS) at pH 7,3. After dissection, brains were
stored In the same fixative solution overnight at4 C. 75|im fron-
tal vibratome sections w'ere obtained and collected In 0,1 M
phosphate buffer at pH 7,3 (PBS). Free-floating sections were
washed several times in PBS and then preincubated for 1 hour
at room temperature in a mixture of 0,1M PBS pH 7,3, 0,5%
Triion-X-100 (Sigma,U.S.A.) and 0,1% bovine serum albumin
(for ChAT and TH) or 0,1M PBS pH 7,3, 0,5% Triton-X-100,
0.1% bovine serum albumin (Sigma, U.S.A.) and 5% normal
goat serum (for SP). Next, the sections were incubated over-
night at room temperature In the primary antibody (diluted
1,500 for ChAT, 1:2,0(K) for TH and 1:20,000 for SP). After two
washes, 30 min each in 0,1M PBS pH 7,3 at room temperature,
the sections were immersed for 90 min In rabbit antirmouse
peroxidase (RAMPO, DAKO A/S, Denmark) diluted 1:200 for
ChAT and TH, or in goat anti-rabbit immunoglobulin (Nordie,
The Netherlands) 1:200 for SP. After two rinses, 30 min each In
0,1M PBS pH 7,3 at room temperature, the sections for demon-
stration of ChAT and TH were immersed for 10 min at room
temperature In a solution containing 20 mg diaminobenzidine
(DAR) and 300 mg Ni-ammonium sulphate in 100ml 0,05M

Tris buffer at pH 7,6, followed by 5-10 min treatment with the
same solution to which 10j.ll 30% H2”™ 100 ml was added. The
reaction was stopped by rinsing three times for 5 min in PBS
0,IM pH 7.3 at room temperature. The sections for demonstra-
tion of SP were, following two rinses after incubation with
secondary antibody, immersed for two hours in a mixture of one
drop of avidin, one drop of biotin complex In 100ml of PBS
(ABC). This mixture must be prepared 30 min before use. After
two rinses, preincubation and incubation were the same iIn the
DAB-solution as in ChAT demonstration. DAB-solution with-
out Ni-ammonium sulphate was used only for TH demonstra-
tion. Sections were mounted on slides coated with gelatin
chrome-alum, air-dried, dehydrated, cleared In xylene and
coverslipped with Entellan.

Horizontal 50 fim Vibratome sections were used for demon-

stration of ChAT, TH, SP, Calb and for double-labelling for
ChAT and TH or NADPH and TH (freezing microtome sec-
tions). Preincubation was 60 min in a mixture of 0,1 M PBS
pH7,3, 0,1% Dbovine serum albumin and 0,5% Triton X-100,
Incubation overnight at room temperature with mouse antibody
anti ChAT 1:1,000, or mouse antibody anti TH 1:2,000 or rab-
bit antibody anti SP (from Dr. Benoit, Montreal) 1. 20,000 or
mouse antibody anti Calb 1:5,000. After two rinses there was a
60 min. iIncubation with secondary antibody - donkey anti
mouse biotin 1:1 500 for ChAT, TH and Calb, and donkey anti
rabbit biotin 1:1 500 (for SP). After two washes the sections
were Incubated for 120 min. in ABC. Preincubation and Incu-
bation In the DAB-NI solution were the same as above. Sections
of three brains were rinsed two times after the demonstration of
ChAT and incubated overnight at room temperature with the
antibody anti TH. Incubations with secondary antibody and
ABC were the same as above, only DAB-solution was used
without Ni-ammonium sulphate.
NADPH-d histochemistry: For the demonstration of NADPH-d
activity the Sherer-Singler et al. (1983) method was lIised, for
the free-iloating sections half of the concentrations of tétrazo-
lium dye, beta-NADPH and sodium malate were enough. Every
second section was stained with cresylviolet. Horizontal sec-
tions of one brain were used for demonstration of TH after
NADPH-d demonstration .

As In our description of the topographical organization of
NADPH-d positive neurons in L-D, we distinguish (Petrovickv
and Numcova, 1995) 4 parts of L-D In our series: From the main
part (the pars centralis) arise the pars medialis, the pars ventra-
lis and the pars rostralis.

The distribution of cells of the L-D In the different stainings
was compared mainly on level | (Barrington's nucleus), level Il
(the transition of the fourth ventricle into the aquaeductus
mesencephali) and on level [l (the eommissura colliculorum
Inferiorum) In frontal series and on level I-H (decussatio of the
brachium conjunctivum), II-H (Barrington’s nucleus), 1ll-H (the
IHth. and FVth. cranial nerve nuclei) and IV-H (dorsal to the
ITlth. and IVth. cranial nerve nuclel) In horizontal series.

Results

Choline acetyltransferase (ChAT)

The most caudal ChAT-positive neurons within the
cytoarchitectonically defined borders of L-D were
found at the level of the rostral part of the nucleus
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motorius nervi trigemini (Fig. 2a). They are located
in the substantia grisea centralis medially from
unstained cells of the nucleus mesencephalicus
nervi trigemini (n.V.mes) and the locus coeruleus

and lateral to the pale place corresponding with the
position of the dorsal Guddens tegmental nucleus
(dG). Some of the ChAT-positive neurons are shift-
ed laterally from the main constellation of L-D by
the unstained Barrington’s nucleus. Some ChAT-
positive cells are spread tightly under the surface of
the fourth ventricle and also among the libres of the
ventral part of the mesencephalic trigeminal tract.

More rostrally, the “pars medial is” arises from the
central part of the L-D above the dorsal surface of
the unstained dorsal Guddens tegmental nucleus
(Figs. 2 b,c, “Level I and IlI” on Fig. 1)

On the level of transition of the fourth ventricle
Into the aquaeductus mesencephali, the large “pars
ventralis” runs from the main constellation of the L-
D, leaves SGC, and continues towards the brachia
conjunctiva (Figs.2 b,c, “Level I1” on Fig. 1). The
cells of this part are sparsely distributed but by their
shape and size are not different from cells In the
central part of L-D. More rostrally this processus of
cholinergic cells enters the cytoarchitectonie bor-
ders of the nucleus parabrachialis.

On the level of eommissura colliculorum inferi-
orum the central part of the L-D Is found more medi-
ally and the narrow strip of ChAT-positive cells
(“pars roslralis™) arises laterally. These cells are inter-
mingled with ChAT-positive cells of the parabrachial
nucleus and more rostrally with cells of the nucleus
pedunculopontinus (Ch5, Mesuiam, 1983). They con-
stilutc an irregulary garland of ChAT-positive cells
around the brachia conjunctiva (Fig. 2e, “level 111" on
Fig. 1). There are fewer and fewer ChAT-positive neu-
rons In the substantia grisea centralis on more rostral
levels. On the level of the nucleus nervi trochlearis
they were present only outside the substantia grisea
centralis - In the nucleus pedunculopontinus.

Using ChAT iImmunohistochemistry we could
recognize middle-sized (20-30 |.im), multipolar neu-
rons with a slightly pale appearance of slightly

eccentricly placed nuclei in L-D (Fig. 2c). Cells are

not only multipolar but also oval, triangular, drop-
like, elongated spindle or elongated with unregulary

widenings. Long processes of neurons can be waved
but mostly they are straight, dichotomously divided.

In the rostral part of L-D (comparing to Its other
parts) there are more elongated cells.

Subshmce P (SP)

The most caudal SP-positive cells within the cytoar-
chitectonic borders of L-D were found on the level
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where the sulcus medianus Is still deep on the floor

ol the fouith ventricle. Laterally from poorly-stain-
cible small cells of the pars dorsalis of the dorsal

Guddens tegmental nucleus are well-stainable
middle-sized neurons of the caudal part of the L-D

Some of these neurons are focused also laterally
from the unstained Barrington’s nucleus,

The lateral part of the substantia grisea centralis
between the mesencephalic trigeminal tract and the
medial group of neurons of L-D 1s also full of SP-
positive fibres In contrast to little SP-positivity In the
area of the dorsal Guddens tegmental nucleus (Fig.
2f). Even greater density of SP-positive fibres Is
found In the nucleus parabrachialis and In the area of
“nucleus sphenoidalis” (Paxinos and Butcher, 1985)
or “nucleus Incertus” (Sutin and Jacobowitz, 1988).

More rostrally (like in ChAT immunohistochemi-
stry) from the main part of L-D, the “pars medialis”
arises dorsally above the unstained dorsal Guddens
tegmental nucleus and the “pars ventralis” procee-
des Into the parabrachial area. We found relatively
few SP-positive cells in the medial part of the L-D
as compared to ChAT-positive cells (“Levels | and
11” In Fig.l). SP-positive fibres fill the area of the
dorsal raphe nucleus and there are also some small
cells under the bottom of the fourth ventricle.

On the level of the eommissura colliculorum infe-
riorum SP-positive cells are less numerous In the
substantia grisea centralis, and most of them are
focused around the brachia conjunctiva, In the area
of the nucleus pedunculopontinus, similar to the
ChAT-positive cells. More rostrally, on the level of
the nucleus interpeduncularis, L-D disappears and
SP-positive cells are sparsely distributed in the sub-

stantia grisea centralis.

SP-positive cells In the cytoarchitectonie borders
of the L-D are middle-sized multipolar, triangular,
oval, drop-like or elongated cells with smooth or
beaded fibres dichotomously divided In diffeient
distances from the cell’s body. Their shapes are not
different from those OFf ChAT-positive neurons In the
L-D area, but there are half as many SP-positive
neurons on “Level | and Il and one-thud as many

on “Level I.”

Tyrosine hydroxylase (TH)

u . 1N
Cells within the cytoarchitectonie ol ers o

contain no tyrosine hydroxylase, utt e atela y

neighbouring locus coeluleus Is compose o
positive noradrenergic neurons. Only few of its TH-

positive cells are intermingled with ChAT-positive
cells on the lateral margin of L-D. The larger part of

the locus coeruleus Is located more caudally than L-
D. Locus coeruleus projections run me
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X -NADPH-d 0 -ChAT
- - TH -SP
* - NADPH-d-RD -SP-RD

Fig. 1. Schematic representation of the relative distribution of NADPH-d-, TH-, ChAT- and SP-positive cells in L-D and its neigh
bourhood at three representative levels of frontal sections.

| - the most eaudal level , Il - the most rostral level, 1V - IV. ventricle, FLM - fasciculus longitudinalis medialis, G - dorsal teg
mental nucleus of Gudden, IC - eolliculus inferior, PB - parabrachial nucleus, RD - dorsal raphe nucleus
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* mNADPH-d
. -TH
~NADPH-d -RD

> X

*)(k*

* X

ChAT
SP

V.n.

Fig. 3. Schematic representation of the relative distribution of NADPH-d-positive (crosses), TH-positive (squares), ChAT-positive
(circles) and SP-positive (dots) cells Iin the area of L-D and its neighbourhood in horizontal section through the the oculomotor
nucleus (“Level I1IH”). Little asterisks indicate NADPH-d-positive cells in the dorsal raphe nucleus. Il1l.N - nucleus of the third

nerve, IV.N. -
nalis medialis, LL - lateral lemniscus

substantia grisea centralis and ventrolaterally to the
group A7 of TH-positive cells.

The rostral part of the locus coeruleus Coe (Fig.
2d, “Level T on Fig 1) i1s placed tightly under the
bottom of the fourth ventricle. Densely distributed
TH-positive libres arise ventrally and medially. They
are oriented horizontally in the lateral half of the
SGC and they are In close proximity with NADPH-
d/ChAT-positive and SP-positive neurons In the cen-
tral and ventral part of L-D. In Barrington’s nucleus
less TH-positive fibres are present. Some TH-posi-
tive cells are present in the parabrachial area.

More rostrally on the level where the IV. ventricle
passes Into the aquaeductus mesencephali, TH-posi-
tive cells lie In the substantia grisea centralis tightly
laterally from ChAT- and SP-positive cells of L-D.
This group of neurons is called the rostral part of the
locus coeruleus. Its TH-positive cells are sparsely
distributed and are bigger then iIn the locus coeru-
leus propen They are multipolar neurons with 3 or 4

thicker processes, dichotomously divided In diffe-
rent distances from the cell’s body.

ChAT - horizontal sections

The first part of L-D visible in horizontal sections,
studied from ventral to dorsal levels, 1s I1ts ventral

nucleus of the fourth nerve, V.n. - mesencephalic trigeminal tract, IV - fourth ventricle, FLM - fasciculus longitudi-

part. ChAT-positive cells of this process continue to
the pedunculopontine nucleus . There are no ChAT-
positive cells In the substantia grisea centralis on
this level (Level IH). On this level the decussatio of
the brachium conjunctivum passes rostrally from
the fasciculus longitudinalis medialis. Cholinergic
cells run rostrocaudally from the rostral edge of the
SGC and the lateral border of the ventral tegmental
nucleus of Gudden through the bracha conjunctiva
to the medial border of the lateral lemniscus. They
are multipolar, sparse, and without common orienta-
tion. They are mostly rostrocaudally oriented only
on medial edge of the lateral lemniscus.

On level I1-H, dorsally from the decussatio of the
brachium conjunctivum cholinergic neurons are
mostly located In the central and medial part of L-D
(ventrally from the dorsal tegmental nucleus of
Gudden). There Is an empty area In the lateral half
of L-D corresponding to Barrington’s nucleus. Spar-
sely distributed cells of the ventral part run through
the fasciculus longitudinalis medialis and brachia
conjunctiva to the group of ChAT-positive cells on
the medial border of the lateral lemniscus.

On level IlI-H, In the area of the third and fourth
cranial nerve nuclel, L-D looks like an oval nucleus

with densely distributed cells without a common
orientation In the substantia grisea centralis (Figs. 3,

4d). It 1s possible to distiguish the medial part of L-




. glme Gin  Miplipi
z\ll\]l;/l)\]]: u p I - = - = == =g O
" liipillBS -~ . jieilllll
A L 1li» Ithillaeplllilili o

« s

miom Eé.o 3 %;* CMSNE, ) MRS h

. S WasTITEST )
: Ll
| AR ! T

“lia 1T -I-I I I I m u[%'f? oy?
élﬁ_ﬁ WK S1A. .. ) ) o
T MWHI WEEKE e SMM EKmM9E&mim WWYV1

« i\)(/Pi(\A\//- ..................................................................

MImM S$E M 1<

M1}

®WRmm

a a Y MM m
L R e M B MR

x>

W
om oY >k, \N}x-w-c--f,Li _

= r&m. - Mo TP m mmm W M... mWiiim
-Im-- - m i . E-m N ‘m i -y

i mi mm
J Mémo )y.r &= rm - >tf WM .

' (NIt , M jp m m

mVééé

o mmmming i j j | H. o s U
%, , m IsiiiiAl? a y» | m.

NIRLLCE b T
!I}/Inﬁ)pEFR . »Tew «  wem m m A”)I e WESmii

% ANy

mi

LT » ISISSP

rrrrrr - - -
<<'i°(/o(SA v . ’ \B} i‘/"its.fs-ss/.yyr
............ SRS AN L
i 1%

|
[111# 1
N 1 A. Hif
i s ; « !
mmOssmUMA | A HAIp oy
;lugpii M M i
/Wﬁiqmetas,

m Ty

‘mde . K ‘

. o A
M Slif\iffi|i%l/\ . Y

Bivis> M W

Lo

=

&J:

«
;Iésjy \-1\\((’.\
w  ap®

WAy

‘o “U 11
ey M M

-

| |
-'ssp'AAvv\{(/"- nﬁn \/m a k I i i

e A il aa**n

: g

§< L’:ﬂ’éjllﬂ i@/\ L >
X AAIAI

" M S»

. (K

mm
fcl L1 m "
%0 IEW )

iSO M Vi ID o Mm M UI i i I i % ﬂ%&%{ 1Y
m o m mm . YAT-AAY

ri»:- L] -
<[ih W YA',
YIAYYR A

ilir

11

J.-Vi

' %

>>>>>>

M&m
M t

mY;, ‘°m m

m 8

i

«

m VT M)
jVlejluPuW
MiP I#

*lr{(?d(

IIIIII

sSf7

L)

oM

1

YA\mu;:
mitTvIvyj.

-
m .s Wi,

CVIYYTYYYYIA{:<
ilyYyYy\"TyY,"Y\,A

SS’l

S

P2

_ VLP*QR is
1
(HM

/

=043 %

¥ VO 1150 U=
"KL v

a

"mm'*

WY 1 gy )

j(Mi
JH« Y Bl
| B mM

TypVIm
[1il]» ! B

m,\/ kﬁ]

WM

M

ZEmmm
Foe&mEkmw

4§ Ap -

-}me'p* I\"
lef>; " I. gl Y?,%:l

-)Ey’,&r

LY
to te r-'?xw

11 UUI

mK
YA{(M ir:
Y/O; - —
\SW if/Y .

m*11

. rAY&
M
I =hS/'Y/?Y nt,see

- 0p *

omvk <

M

»

r<ft

"YYIXVE,

iv‘w A

y*

TN

”AM El4if(AH

« |

mm

vy 1y/,- A
! wmem

.....

YY"\

yle

NS

y o

SY

*t

AP

Jtati®

-

| «

Y-Ytf ™

VIMfySVIv=u ey

fy

01,

SRR W o

'Y [ jrotias - ox ALY i i < i VRAY N s ml(: C&syril/j'[)KIW2A=j+ »; i.i

N
T
% /% & ? 3w %Cm

K
'}yy/ vl 4\é v
y
A1*ijw > A Vil

"Oe_ . . v

§)
i 51y Ve
i
7

IMlv i'&& ' mayOM  * o r-AsyCslions ke §w PRYTY, o mems;v-f]

4

v it %

1l 1 x>
I I I I I I I M;if.‘S-f}Is,I:;/,u:m; 2.8

CliM1 iOCIIS COa =

& Cil =

Va ’
1TO I
4hijm? . Uk

A)

%

ICeO&,  -sjvic

| 1% A

% VAV e

cadiow AR -ylstf-Live-w ey i A A w2 j

M1

MoA 1

itiszssy/l:augfwmy ! £ m.

V-AIYY
'ot. 2%y

m'Yly

SAQJdIAKyyk':hr-nrn

WOV VY - <)

X ('

s

Lovrrell, v niln -

YMS&Wi'i;

er-b

N -M

/x>

s A

P

fit

h
%

Il
.f



23S Jiuimul 11" Brain Rcscaivli 38 (1IW71 2

substantia grisea centralis and enter the ventral part
of L-D. Only a few large TH-positive neurons are
Intermingled with ChAT-positive neurons laterally,
In the ventral part of L-D.

The same distribution of TH-positive cells Is or
level 51-H. TH-posiiive locus coeruleus libres with
ChAT-positive cells surround the "empty"” area of
Barrington's nucleus.

In the more dorsal sections a few TH-positive
cells were found among the ChAT-positive neurons
of L-D. Some of them have the same shape and si/e
as ChAT-positive neurons; some of them are larger,
Laterally from the brachia conjunctiva and caudally
from the cholinergic cells the group of large TH-
positive cells Is located near the lateral lemniscus.

NADPH-d/TH —horizontal sections

In the area of L-D, the shape, size and distribution
of NADPH-d-positive cells i1s the same as In eholin-
ergic neurons (Figs. 3, 4c). On levels IlI-H and
I\V-H (in the area of the IILnerves nucleus and above
It) the group of smaller and less NADPH-d-stainable
cells of the dorsal raphe nucleus Is located medially
from L-D. In NADPH-d histochemistry, fibres
connecting the central part of the L-D with
NADPH-d-positive group of cells on the medial
border of the lateral lemniscus, are well shown (Fig.
4a).

Substance P - horizontal sections

On the decussatio of the brachium conjunctivum
(level I-H), as In ChAT-staining, SP-positive cells
were found In the area of the ventral part of L-D.
These cells are without common orientation. They
lay also In the fasciculus longitudinalis medialis and
In the brachia conjunctiva and they are more densely
distributed medially from the lateral lemniscus. An
Intensively SP-positive ventrodorsally-running nar-
row strip of fibres iIs located near the midline, cau-
dally from the decussatio of the brachium eonjunc-
tivum. These fibres are present on more dorsal
sections In the medial part of the fasciculus longi-
tudinalis medialis.

On level II-H (the biggest cut of the fasciculus
longitudinalis medialis), these fibres are located
mediocaudally from the fasciculus longitudinalis
medialis and they disappear on more dorsal sec-
tions. There are well-stainable, medium-sized neu-
rons In the central and ventral part of the L-D. The
medial part I1s developed only rostrally from the dor-
sal Guddens tegmental nucleus. The area of the dor-

sal Guddens tegmental nucleus 1Is SP-negatiw.
There are only small, densely-distributed light-
stainable cells In the dorsal part of the dorsal Gud-
den's tegmental nucleus. The area of lenticular
shape named “sphenoidal nucleus” and
Butcher, 1985) or “nucleus iIncertus” (sutin and
Jacobowitz, 1988), on the caudal edge of the dorsal
Gudden's tegmental nucleus, iIs full of SP-positive
libres. Cells In this area are only In the caudal part
of the dorsal Gudden’s tegmental nucleus. SP-posi-
tive fibres and small cells are placed in the midline
In raphe nuclel. In the lateral part of the substantia
grisea centralis, SP-positive fibres run craniocau-
dally around SP-negative cells of the mesencephalic
trigeminal nucleus. The area between this nucleus
and the lateral border of the central part of the L-D
contains eraniocaudally running SP-positive fibres
but no SP-positive cells.

On levels Il1-H and IV-H the distribution of SP-
positive cells I1s the same as that of ChAT-positive
neurons (Figs. 3, 4b).

The only differences In all levels are SP-positive
neurons being half in number and only a few SP-~
positive neurons being present In the medial part of
the L-D.

(Paxinos

Discussion

and (1988) made a detailed
description of the distribution of peptides and other
neurochemicals in L-D and adjacent area. We found
ChAT-positive neurons iIn the same areas but no
ChAT-positive neurons iIn the locus coeruleus. They
found some ChAT-positive neurons In Barrington's
nucleus but we did not. We observed SP-positive
cells In nucleus uO” and pars alpha SGC and In the
raphe nuclel but In Barrington’s nucleus we saw
only a dense plexus of SP-positive fibres. sutin and
Jacobowitz (1988) did not describe less-stainable
cells In the dorsal part of the dorsal part of the dor-
sal Gudden’s tegmental nucleus. They only describ-
ed a subgroup of well SP-positive fibres In a bundle
In the dorsal and mediodorsal part of the dorsal
Gudden’s tegmental nucleus, for which they Intro-
duced the term nucleus Incertus. They supposed eo-
localization of SP and ChAT in larger neurons of the
L-D, which also by v incent et aL (1983b) (30% of
ChAT-positive cells contain SP) and by Standaert €t
al. (1986) (50% of ChAT-positive cells contain SP)
has been Indicated. Sutin and Jacobowitz (1988)
supposed a neuromodulatory role of SP In choliner-
gic neurons of the L-D and In serotoninergic neu-
rons of the dorsal raphe nucleus. Standaert et al,
(1986) also found colocalization of SP, ANF and

S utin Jacobowitz
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CRF iIn cholinergic neurons of the L-D. In our sec-
lions very few SP-positive neurons were present In
the medial part of the L-D and there were approxi-
mutely half as many SP-positive cells compared to
ChAT cells In the other parts of the L-D. Sutin and
Jacobowitz found seven neuropeptides in the L-D.
SP, ualanin, CGRP and CRF show similar density
and distribution within L-D - approximately the
same pattern as ChAT-positive cells. Neurotensine-
positive cells are present along the ventral border of
L-D and they merge Into the central tegmental tract.
VIP-positive cells are few In number and remain
eonfined to the ventrolateral corner of L-D and only
a few cells along the lateral border of L-D express
dynorphin.

Our maps of cholinergic neurons are In good
agreement with those of M esueam et al. (1983) and
Vincent €t al. (1983a), who combined NADPH-d
histochemistry with ChAT immunofluorescence and
showed that only ChAT-positive neurons are stained
by NADPH-d-histochemistry in the area of L-D.
According to our findings the use of NADPH-d
histochemistry iIs successful for detailed demonstra-
tion of Ch6 group neuron fibres.

Dun et al, (1994) and Rodrigo et al.(1994) stu-
died NOS reactivity In the rat brain. In brainstem
nuclel, they found the highest cNOS immunoreac-
tivity Iin L-D and the pedunculopontine nucleus,
Dunn described the size of NOS-positive neurons
In L-D as 20-25 jam and a few cells as 2-7 jam. We
did not observe such small cells in ChAT, SP or
NADPH-d staining In the area of L-D. The size of
neurons In our sections was 20-30 JiIm. Rodrigo €t
al. (1994) found some cNOS positive cells In the
area of the locus coeruleus, but neither b unn et al.
(1994), using cNOS 1mmunohistochemistry, nor
Vincent et al. (1983), N akamura et al. (1988), or
Geuta €t al. (1993), using NADPH-d histochem-
Istry found positive cells In the locus coeruleus.
Perhaps Rodrigo described cNOS-positive cells on
the lateral border of Barrington’s nucleus In the
caudal part of L-D.

Barrington’s nucleus and adjacent area were stu-
died by Rizvi et al. (1994). Our frontal sections
double-stained for NADPH-d and TH are similar.
We found the most caudal ChAT-positive cells
medially from Barrington’s nucleus corresponding
to L-D In Nissl staining. The most caudal NADPH-
d-positive cells In the substantia grisea centralis of
mesopontine tegmentum were found laterally from
Barrington’s nucleus but not within the cytoarchi-
tectonically (Nissl staining) defined borders of L-D.
Hence, we hesitate to add the most caudal NADPH-
d positive cells to L-D. In contrast, Rizvi et al.
(1994) determine them as cholinergic L-D neurons.
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There was only a small overlap of ChAT/NAD-
PHd-positive cells and TH-positive cells on the late-
ral border of the L-D and we did not observe iIn rats
large intermingling of NADPH-d-positive and TH-
positive cells In L-D as Leonard et al. (1995) de-
scribed In guinea pigs.

L-D contains not only medium-sized ChAT/
NADPH-d-positive neurons but also small ChAT/
NADPH-d-negative cells. Geura et al. (1994) de-
monstrated no overlapping co-localization of small
Calb-positive neurons with the cholinergic neurons
of Ch5 and Ch6. Ford et al. (1995) even demonstra-
ted approximately twice as many small ChATnega-
tive/GABAergic neurons as ChAT-positive neurons
In L-D. Perhaps there 1s some colocalization of
GABA and calbindin in small cells of the L-D. Our
preliminary results In the demonstration of Calb-
positive neurons show similar but not i1dentical dis-
tribution of calbindin and substance P In the ponto-
mesencephalic tegmentum. On the level I-H (decus-
satio of the brachium conjunctivum) in horizontal
sections we found large Calb-positive cells In the
nucleus ruber, and medium-sized cells In the lateral
lemniscus, medium-sized and small cells In the ven
tral and dorsal part of the nucleus parabrachialis,
and a dense plexus of Calb-positive fibres In the
medial part of the fasciculus longitudinalis medialis,
In the dorsal part of the nucleus parabrachialis and
In the ventral Gudden’s tegmental nucleus. There
are distributed fibres less densely In the area of the
dorsal raphe nucleus, ventral part of the parabrachial
nucleus, In the medial vestibular nucleus and iIn the
area medially from the locus coeruleus. Calb-posi-
tive fibres surround Calb-negative cells of the
mesencephalic trigemnal nucleus. Cells In the area
of the L-D are small and a lot of such cells run to the
fasciculus longitudinalis medialis.
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