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LAMINAR ORGANIZATION OF ACETYLCHOLINESTERASE
AND CYTOCHROME OXIDASE IN THE
LATERAL GENICULATE NUCLEUS OF PROSIMIANS
C. T. McDoNALD, E. R. MCGUINNESS and J. M. ALLMAN'"
Division of Biology, California Institute of Technology, Pasadena, CA 91125, U.S.A.
Abstract-Hess and Rockland [Hess and Rockland (1983) Brain Res. 289, 322-325] proposed that the
distribution of acetylcholinesterase within the lateral geniculate nucleus might correlate with the daily
activity patterns shown by primates. In diurnal primates, the magnocellular laminae show a greater
acetylcholinesterase reaction product. In nocturnal primates, the parvocellular laminae are more heavily
stained. We have ex.amined the laminar distribution of acetylcholinesterase and cytochrome ox.idase in the
lateral geniculate nucleus of a series of rare prosimian primates. In all prosimians ex.amined, the most dense
acetylcholinesterase reaction product is seen in the parvocellular layers of the lateral geniculate nucleus.
Heavy cytochrome ox.idase activity is seen in both the magnocellular and parvocellular layers, but not
the koniocellular layers of the prosimian lateral geniculate nucleus. We have also employed a polyclonal
antibody to choline acetyltransferase to examine the laminar organization or cholinergic activity in the
Galago (Bush baby) lateral geniculate nucleus. We report that choline acetyltransferase immunoreactivity
does not correlate with acetylcholinesterase activity in the prosimian lateral geniculate nucleus. Although
the lateral geniculate nucleus is more immunoreactive than most other thalamic structures and although
the intercalated koniocellular laminae demonstrate somewhat lighter choline acetyl transferase immuno
reactivity, no great difference in staining intensity is seen between the parvocellular and magnocellular
laminae.
In addition, we examined the phenotype of known inputs to assess the laminar specificity of cholinergic
projections to the bushbaby lateral geniculate nucleus. Layer VI of primary visual cortex, which is known
to be a source of acetylcholinesterase in the parvocellular layers, does not contain cholinergic cells, nor
does the pretectal nucleus, which projects mainly to the parvocellular layers. The parabigeminal nucleus
is cholinergic; however, this nucleus is known to project to the koniocellular layers, along with the non
cholinergic superior colliculus. Finally, the pedunculopontine tegmental nucleus, which provides a strong
input to many regions of the thalamus, including the lateral geniculate nucleus, is cholinergic. The laminar
organization of its input to the lateral geniculate nucleus is not known.
Increased acetylcholinesterase reaction product within the parvocellular layers of the lateral geniculate
nucleus is common to all strepsirhine primates. The pattern is also seen in the only two nocturnal
haplorhine primates, Tarsius and Aolus (owl monkey). The relation of this increased acetylcholinesterase
activity to cholinergic function remains unclear. We note exceptions to' the suggested correlation between
nocturnality and increased density of acetylcholinesterase within the parvocellular layers. We hypothesize
that rather than reflecting nocturnal/diurnal lifestyles, the acetylcholinesterase staining pattern may be a
primitive feature of geniculate organization in primates.

The lateral geniculate nucleus (LGN) is a distinctly
laminated thalamic structure which serves to relay
visual information from the ganglion cells of the
retina to the primary visual cortex (striate cortex;
area 17; VI). Information from the two eyes is carried
separately within different layers of the LGN and
this information is further specified into functional
"streams" which are maintained throughout the
primate visual system (for review, see Refs I, 8, 35).
Several histochemical studies have examined the
laminar distribution of acetylcholinesterase (AChE)
and cytochrome oxidase (CO) within the LGN of vari
*To whom correspondence should be addressed at: 216-76,
California Institute of Technology, Pasadena, CA 91125,
U.S.A.
Abbreviations: AChE, acetylcholinesterase; ChAT, choline
acetyltransferase; CO, cytochrome oxidase; LGN, lateral
geniculate nucleus; NRS, normal rabbit serum; PBS,
phosphate-buffered saline; TBS, Tris-buffered saline.

ous primate species, including the macaque monkey,6.21
the owl monkey and the prosimian bushbaby,'1.12
and the squirrel monkey.17,21 Hess and Rockland 17
were the first to suggest that the distribution of AChE
within the LGN might correlate with the daily activity
patterns shown by the primates. In diurnal primates
such as the macaque and the squirrel monkey, the
magnocellular laminae show a greater AChE reaction
product. In nocturnal primates such as the owl
monkey and the bushbaby, the parvocellular laminae
are more heavily stained with AChE reaction product.
We have sought to further these observations by
examining the distribution of AChE and CO within
the LGN of a series of rare prosimian primates that
had died of natural causes. In an effort to account for
increased AChE reactiol'l product in the parvocellular
layers of the prosimian Galago senegalensis (Lesser
bushbaby), we have also employed choline acetyl trans
ferase (ChAT) immunohistochemistry to explore the
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phenotype of projections to the LGN. Some of
these results have been described in preliminary
reports. 26 •27
EXPERIMENTAL PROCEDURES

Most of the animals used in this study were rare prosimian
primates from the Duke University Primate Center that had
died of natural causes. Animals obtained from the Primate
Center included Microcebus (Mouse lemur, one animal);
Cheirogaleus (Dwarf lemur; one); Hapalemur griseus (Grey
gentle lemur, two); Lemur fulvus (Brown lemur, two) and
Lemur macaco (Black lemur, one); Propithecus (Sifaka, one);
Loris tardigradus (Slender loris, one); Nycticebus coucang
(Slow loris, one); Perodicticus patto (potto, one); Tarsius
bancanus (Horsfield's tarsier, two); and. Tarsius syrichta
(phillipine tarsier, two). Soon after an animal's death
(usually, within 2 h), the head was frozen to - 80°C and
shipped in dry-ice by overnight carrier. The brain was
removed from the skull and thawed in a cold bath of 2%
paraformaldehyde in 0.1 M phosphate buffer (PH 7.4). The
brain was then separated right from left hemisphere by a
midline sagittal incision through the corpus callosum and
the third and fourth ventricles.
The hemisphere designated for CO histochemistry (method
of Wong-Riley l6) was fixed by immersion at 4°C with 4%
glutaraldehyde in 0.1 M phosphate buffer. Alternate sections
from this hemisphere were stained for Cresyl Violet and
in some cases AChE. The second hemisphere was fixed by
immersion at 4°C with 4% paraformaldehyde in 0.1 M
phosphate buffer. Alternate sections from this hemisphere
were stained for AChE, Cresyl Violet, and in some cases the
Gallyas fiber stain. 14 The hemispheres were cryoprotected by
adding increasing concentrations of sucrose to the fixative
(up to 30%). When the hemisphere had become sunken
(one to two days depending on size), it was sectioned in
either the coronal or parasagittal plane at 40 J.l.m on a
freezing microtome (American Optical).
The AChE histochemistry protocol was that of Rockland
(1984, personal communication). Free-floating sections were
incubated in 500 ml of distilled water containing 500 mg of
acetylthiocholine iodide, 375 mg of glycine, 250 mg ofcupric
sulfate, and 2140 mg of anhydrous sodium acetate, titrated
with acetic acid to pH 5.2. Ethopropazine (I mM) served as
inhibitor of non-AChE cholinesterases. Sections were incu
bated at 4°C until AChE-rich structures (e.g. caudate nucleus)
turned chalky white. Reaction product was visualized using
10% potassium ferricyanide in distilled water at room
temperature (5-10 min). Finally, sections were rinsed in three
changes of 0.9% saline and mounted on to glass slides.

Control sections were incubated in the presence of I mM
BW248c51 (Buroughs-Wellcome), an inhibitor of AChE.
For the ChAT immunohistochemistry, two Ga/ago
senegalensis (Lesser bush babies) were deeply anesthetized
(sodium pentobarbitol, 30 mgjkg body weight, Abbott) and
perfused through the heart with cold 0.05 M phosphate
buffered saline (PBS, 9% NaCl, pH 7.4) for 2 min, followed
by 4% paraformaldehyde in PBS (15 min), and 4% para
formaldehyde + 10% sucrose in PBS (10 min) using a
Masterflex perfusion apparatus (150 ml/min, Cole-Palmer).
The brains were removed and allowed to sink overnight at
4°C in 4% paraformaldehyde + 30% sucrose in PBS, and
sectioned in the coronal plane at 40 JIm on a freezing
microtome.
The primary antibody to ChAT was kindly supplied by
Dr Felix Eckenstein (see Refs 9, 10 for a discussion on
the production and specificity of the polyc1onal antibody).
With the exception of the above-mentioned fixation protocol,
the immunohistochemical staining protocol of Amaral and
Kurz2 was employed. Free-floating sections were incubated
for 15 min in a 0.4% Triton X-IOO (fX-IOO) solution in
0.05 M Tris-buffered saline (TBS, pH 7.2-7.4), and then for
2 h in TBS with 3% normal rabbit serum (NRS) and 0.1 %
Triton X-IOO. Tissue was then incubated overnight in
primary ChAT antibody at a I: 4 dilution (in TBS with 1%
NRS and 0.1 % Triton X-lOO) at room temperature. Sections
were washed in three changes of TBS over a period of 30 min
and incubated for 2 h in a I : 50 dilution of rabbit anti-rat IgG
secondary (Accurate Scientific, Westbury, NY) in TBS
containing 1% NRS and 0.1% Triton X-IOO. Sections were
again washed and then incubated for 2 h in a 1:60 dilution
of peroxidase-antiperoxidase (Sternberger and Meyer,
Jarretsville, MD) in TBS containing 1% NRS, washed again,
and treated with a 0.05% diaminobenzidine hydrochloride
solution containing 0.015% hydrogen peroxide for 10-15
min. The reaction was stopped by washing the sections in
TBS. The sections were washed in PBS, mounted, allowed
to dry overnight, and rapidly dehy'drated and coverslipped
the following day. Alternate sections were processed for
AChE histochemistry and for Cresyl Violet stain.

RESULTS

The laminar organization of the primate LGN
has been described previously.13.lo The LGN of the
tarsier, the only haplorhine prosimian, contains four
cell layers: two ventral magnocellular layers and two
dorsal parvocellular layers. The LGN of strepsirhine
primates (all prosimians except tarsiers) contains six
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Fig. I. (A) Parasagittal section through the LGN of the Lemur fulL'us stained for Cresyl Violet. Anterior
is to the left. The strepsirhine LGN contains six cell layers; two ventral magnocellular layers (ME, MI)
and two koniocellular layers (KE, KI) intercalated between the two dorsal parvocellular layers (PE, PI).
The arrow points to the "representation" of the optic disc. (B) Adjacent section stained for AChE. The
two parvocellular layers (PE, PI) are more heavily stained for AChE reaction product than are the
intercalated koniocellular and ventral magnocellular layers. Scale bar for A and B 500 JIm. (C) Coronal
section through the LGN of the Tarsius syrichta stained for Cresyl Violet. Medial is to the left, dorsal
to the top. The parvocellular and magnocellular laminae are separated by a prominent interlaminar fiber
bundle (IL). (D) Adjacent section stained for AChE. Dense AChE reaction product is seen in the two
dorsal parvocellular layers (PC), but relatively little reaction product is seen in the two ventral
magnocellular layers (MC) or in the interlaminar fiber bundle. Scale bar for C and D = 500 JIm.
(E) Coronal section through the LGN of the Microcebus (Mouse lemur) stained for Cresyl Violet. Medial
is to the left, dorsal to the top. (F) Adjacent section stained for AChE. Note that while the cellular
lamination of the LGN is less distinct in Cresyl Violet-stained sections, the two parvocellular layers (PE,
PI) contain the densest AChE reaction product. Scale bar for E anc;J F = 500 JIm. (G) Parasagittal section
through the LGN of the Propithecus (Sifika) stained for Cresyl Violet. Anterior is to the left. (H) Adjacent
section stained for AChE showing dense staining of the two parvocellular layers (PE, PI). Note the
"representation" of the optic disc can be seen as a discontinuity in the parvocellular external layer (arrow).
Scale bar for G and H = 500 JIm.
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cell layers, numbered from ventral to dorsal. Layers I
and 2 contain large neurons and are termed the
magnocellular layers. Layers 3 and 6 (parvocellular
layers) contain small, more densely packed neurons.
There are two neuronal layers (koniocellular layers)
interposed between the dorsal parvocellular layers
and these contain smaller neurons that are more
palely stained with Cresyl Violet.
A Cresyl Violet-stained parasagittal section of the
LGN of a strepsirhine primate, Lemur fulvus (Brown
lemur), can be seen in Fig. lAo The central visual
field is posterior. The magnocellular, koniocellular,
and parvocellular external layers receive input from
the contralateral retina. The portions of the external
layers extending anteriorly beyond the internal layers
correspond to the monocular representation of the
peripheral visual field. The "representation" of the
optic disc can be seen as a discontinuity in the
external parvocellular layer.19 Figure IB presents an
adjacent section through the lemur LGN stained for
AChE reaction product. The two parvocellular layers
are AChE-rich, while the two interposed koniocellu
lar layers and the two ventral magnocellular layers
are relatively AChE-poor. It is important to note that
all expected AChE-rich structures (e.g. caudate nu
cleus) in this case and all others showed dense
QB.J.lER SUBORDER
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reaction product demonstrating that our freezing.
thawing, and fixation protocols did not have an
adverse effect on AChE histochemistry.
Figure IC shows a Cresyl Violet-stained section
through the LGN of the Tarsius syrichta (Phillipine
tarsier). As discussed above, the tarsier LGN contains
only four cell layers. There exists a prominent bundle
of interlaminar fibers between the parvocellular
internal and magnocellular internal layers. An adja
cent section stained for AChE reaction product again
demonstrates the characteristic prosimian staining
pattern (Fig. lD) The two parvocellular layers show
dense AChE reaction product, while the two ventral
magnocellular layers and the interlaminar fiber zone
are relatively lightly stained.
The notion of a characteristic prosimian staining
pattern is reinforced by adjacent sections stained for
Cresyl Violet and AChE reaction product from two
other strepsirhine species in our collection [Microcebus
(Mouse lemur), Fig. IE, F; Propithecus (Sifika),
Fig. IG, H). We have now catalogued AChE staining
in the LGN of 12 species of prosimians, representing
10 genera. A listing of the prosimian genera examined
to date and their phylogenetic relationships is given
in Fig. 2. In all cases, the parvocellular laminae show
a heightened staining of AChE reaction product.
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FAMILY

SUPERFAMILY

Microcebus
Cheirogaleidae

Lemuroidea

Lemuridae

{

L

(Mouse lemur)

. Cheiroga/eus
(Dwarf lemur)

Hapalemur
(Gentle lemur)

Lemur
Propithecus

Indriidae

Strepsirhini

(Sifika)

Ga/ago

Galagidae

(Bushbaby)

Lorisoidea
{
Lorisidae

Primates

Haplorhini

f

Tarsii

Tarsioidea

t

Tarsiidae

Loris
(Slender loris)

Nycticebus
(Slow loris)

Perodicticus
(potlO)

Tarsius
(Tarsier)

Platyrrhini (New World Monkeys)

Aotus
(Owl monkey)

Catarrhini (Old World Monkeys, Apes, and Man)

Fig. 2. Chart of the prosimians examined to date and their phylogenetic relationships. All 12 species
(representing 10 genera) show dense AChE in the parvocellular hyers of the LGN. Two species of
haplorhine prosimians, Tarsius bancanus and Tarsius syrichla are included in our study.
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Fig. 3. (A) Coronal section through the LGN of the Tarsius syrichla stained for CO activity. Medial is
to the left. Heavy CO activity is seen in both the ventral magnocellular (MC) and the dorsal parvocellular
laminae (PC). but not the interlaminar fiber bundle (IL). (8) Parasagittal section through the LGN of
the Nycticebus coucang (Slow loris) stained for CO activity. Anterior is to the left. Heavy CO activity is
seen in the parvocellular (PE, PI) and magnocellular (ME, MI) laminae, put not the two koniocellular
layers (KE, Kl) nor the interlaminar regions. Scale bar = 500 p.m.
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Organization of prosimian lateral geniculate nucleus

We have also examined the distribution of CO
activity in the LGN of prosimian primates. In Fig. 3A,
the LGN of the haplorhine Tarsius syrichta shows
relatively uniform and dense CO activity in both the
parvocellular and magnocellular laminae. The inter
laminar fiber zone is free of dense CO activity. In all
strepsirhine primates, such as the Nycticebus coucang
(Slow loris), heavy CO activity is seen in the parvo
cellular and magnocellular layers, but little CO activity
is seen in the two koniocellular layers (Fig. 3B).
We employed a polyclonal antibody to ChAT
to examine the laminar organization of cholinergic
activity in the LGN of the Galago senegalensis (Lesser
bushbaby). Figure 4A presents a coronal section
through the bushbaby LGN stained for Cresyl Violet.
An adjacent section stained for AChE again demon
strates the expected increased AChE reaction product
in the parvocellular layers of the LGN as well as in
the pretectal nucleus (Fig. 4B). An adjacent section
stained for ChAT immunoreactivity is presented
in Fig. 4C. Both the LGN and pretectal nucleus
are ChAT-immunoreactive. Immunoreactive profiles
were seen in the LGN, but not ChAT-positive cell
bodies. Although the intercalated koniocellular
laminae are somewhat more lightly ChAT·immuno
reactive, no great difference in staining intensity is
seen between the parvocellular and magnocellular
laminae.
In addition, we have employed ChAT immuno
staining to examine the phenotype of known inputs
to the bushbaby lateral geniculate nucleus. The pre
tectal nucleus contains many ChAT-immunoreactive
profiles but the neurons themselves are not ChAT
positive (Fig. SA). Likewise, the superior colIiculus
contains many ChAT-immunoreactive profiles but no
ChAT-positive neurons (data not shown). However,
neurons in the para bigeminal nucleus (Fig. SB) and
the pedunculopontine tegmental nucleus (Fig. SC) did
contain many AChE- and ChAT-positive neurons.
Finally, layer VI of striate cortex contains AChE
positive neurons but no ChAT-positive neurons (data
not shown).
DfSCUSSION

In all prOSlmlan primate brains examined thus
far, the parvocellular laminae of the LGN stain
more densely with AChE reaction product than do
the magnocellular laminae. As noted, Hess and
Rockland l1 were the first to suggest that AChE stain
ing of the LGN might correlate with a primate's daily

activity pattern and that heightened staining of the
parvocellular laminae might reflect an adaptation to
a nocturnal visual habitat.
Most prosimians are known to be nocturnal and
so the correlation between daily activity pattern and
AChE staining of the LGN might seem to hold. How
ever, there are exceptions. The Propithecus (Sifika)
from Madagascar exhibits a diurnal activity pattern,24
yet there is a dense AChE reaction product in the
parvocellular laminae of the LGN (see Fig. IG, H).
Lemur fulvus (Brown lemur) exhibits a die! activity
pattern, being most active under the low light con
ditions of dusk and dawn,4 and once again, AChE
staining is densest within the parvocellular laminae
(see Fig. lA, B).
The increased AChE reaction product initially sug
gested that there may be a denser cholinergic projec
tion to the parvocellular laminae of the prosimian
LGN. There is less spatial convergence by retinal
ganglion cells on to parvocellular neurons, and so a
denser cholinergic projection might serve to facilitate
transmission via the parvocellular neurons under low
light conditions. Indeed, there is mounting physio
logical evidence that acetylcholine can increase the
responsiveness of mammalian LGN neurons. Sillito
et al. 33 and others S,31 have shown an excitatory effect
through in vivo application of acetylcholine into the
cat LGN. McCormick and Prince2S have used an in
vitro slice preparation of the cat LGN to demonstrate
that activation of nicotinic acetylcholine receptors
induces a fast depolarization in nearly all cells exam
ined. However, our study fails to demonstrate an
increased cholinergic input to the parvocellular layers
of the prosimian LGN. Although AChE reactivity is
increased in the parvocellular layers, ChAT-immuno
reactivity appears of near equal intensity in both the
parvocellular and magnocellular laminae.
In addition to an increased cholinergic input, we
have failed to demonstrate a specific cholinergic input
to the parvocellular layers of the prosirnian LGN. The
pretectal nucleus projects primarily to the AChE-rich
layers of the prosimian LGN. 16 However, although
this nucleus contains many ChAT-immunoreactive
profiles, the neurons themselves are not ChAT-positive
(see Fig. SA). While neurons in the parabigeminal
nucleus (see Fig. S8) do exhibit a cholinergic pheno
type, the nucleus has been shown to project mainly
to the koniocellular layers. 16 The superior colliculus
does not contain cholinergic cells and furthermore
has also been shown to project mainly to the konio
cellular layers.16 Finally, future experiments will be

Fig. 4. (A) Coronal section through the LGN and pretectal nucleus (PT) of the Go/ago senega/ell8is (Lesser
bushbaby) stained for Cresyl Violet. The medial geniculate (MG) is to the left of the LGN. Dorsal is to
the top. (B) Adjacent section stained for AChE. Increased AChE reaction product is seen in the pretectal
nucleus as well as the parvocellular layers (PE, PI) but not the koniocellular nor magnocellular layers (MC)
of the LGN. (C) Adjacent section stained for ChAT immunoreactivity. The LGN and the pretectal
nucleus are both ChAT-immunoreactive. Although the two koniocellular layers (KC) show comparatively
less ChAT-immunoreactivity, there does not appear to be a great difference in staining intensity between
the parvoce!lular (PE, PI) and magnocellular (MC) laminae. Scale bar = SOO /lm.
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Organization of prosimian lateral geniculate nucleus

needed to determine if the cholinergic neurons of the
pedunculopontine tegmental nucleus (see Fig. 5C)
provide a specific input to the parvocellular laminae
of the prosimian LGN.
As a side note, there has been some disagreement
regarding the cholinergic phenotype of neurons in the
parabigeminal nucleus. ChAT-immunoreactive cells
have been found in the parabigeminal nucleus of
the mouse,29 the tree shrew, and the caL l3 However,
cholinergic neurons were not found in the the
para bigeminal nucleus of the rat, 3 nor were they
seen in a separate study of the cat. 7 We confirm the
observation of Fitzpatrick et al. 13 that the para
bigeminal neurons, while clearly cholinergic, do not
stain as intensely as the ChAT-immunoreactive cells
in the pedunculopontine tegmental nucleus.
It is known that layer VI of striate cortex projects
back to the LGN in all primatesp including
the Galago. 32 In an elegant series of experiments,
Fitzpatrick and Diamond ' ! demonstrated that kainic
acid lesions of the striate cortex of the Galago
senegalensis eliminated the dense AChE staining in
the visuotopically corresponding parts of the parvo
cellular layers of the LGN. However, this dense
parvocellular staining was not reduced by eliminating
the retinal input nor by injections of kainic acid
directly into the LGN. These results strongly suggest
that layer VI of striate cortex is the source of the dense
AChE reaction product found in the parvocellular
laminae of the Galago LGN.
Conversely, Hess and Rockland 17 found AChE
staining to be denser in the magnocellular layers
of the LGN in the diurnal squirrel monkey (Saimiri
sciureus). However, lesions within the striate cortex
of the squirrel monkey and the macaque, also a
diurnal primate, did not result in a decrease in AChE
activity in the magnocellular laminae of the LGN.
Taken together, these results indicate that in prosimian
primates there is an AChE-rich projection feeding
back from the primary visual cortex to the parvo
cellular laminae of the LGN that is not present in
diurnal primates.
In the Galago senegalensis, AChE-positive cells
are found within layer VI of primary visual cortex: 2
Although ChAT immunohistochemistry reveals all
expected cholinergic structures, including ChAT
positive profiles within the Galago primary visual
cortex, ChAT-immunoreactive cells are not seen
within layer VI (data not shown). A similar observ
ation has been made in the cortex of the macaque
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monkey. 28 Thus, while layer VI of the Galago primary
visual cortex appears to be a specific source of AChE
to the parvocellular layers of the LGN, it does not
appear to be a source of cholinergic input to the
nucleus.
In the prosimian LGN, both the magnocellular
layers (I and 2) and the parvocellular layers (3 and 6)
stain more intensely for CO than do the koniocellular
layers (4 and 5) (see Fig. 4A, B). Norton and
Cassagrande 30 have mapped the receptive field
properties in the LGN of the Galago crassicaudalUs.
The magnocellular layers contain cells that exhibit
Y-like properties (short latency, transient responses to
standing contrast and rapid movement). The parvo
cellular layers contain X-like cells (medium latency,
sustained responses to standing contrast). Also,
the koniocellular layers contain many W-like cells
(long latency, sluggish responses to visual stimuli).
Kageyama and Wong-Riley 21 have previously noted
in a study of the LGN of the ferret, cat and diurnal
monkeys (macaque and squirrel monkey) that large
(presumed Y-like) and medium (presumed X-like)
cells were more darkly stained for CO than small
(presumed W-like) cells. Lachica et at. 22 have also
shown in the LGN of the tree shrew (Tupaia
belangeri) that W-like cells are more lightly stained
for CO than are other relay cells in the nucleus. Thus,
CO staining of the LGN in prosimian primates is in
agreement with findings in other species.
CONCLUSIONS

The relation of increased AChE activity to
cholinergic function in the parvocellular layers of the
prosimian LGN remains unclear. We fail to demon
strate either a specific or an increased cholinergic
input to the parvocellular layers. Instead, increased
AChE may be serving a non-cholinergic function in
the prosimian LGN. Greenfield 's has recently out
lined several of these possible functions for AChE
including hydrolysing an as yet unidentified substrate
found in increased quantities in the parvocellular
layers, direct modulation of acetylcholine receptors,
modulation of non-cholinergic receptors, or direct
modulation of the cell membrane. Yet another possi
bility is that the increased AChE serves an anti
cholinergic function in the prosimian LGN and
decreases the effect of any cholinergic input to the
parvocellular layers. McCormick and Prince~s have
shown that the physiological responses of LGN

Fig. 5, Coronal sections through the brain of the Galago stained for ChAT immunoreactivity. Medial is
to the left. (A) The pretectal nucleus seen at a higher power than Fig. 4C. The pretectal nucleus (PT)
contains ChAT-positive profiles, but not ChAT-positive cell bodies. Scale bar = 200 pm. (8) The
parabigeminal nucleus contains neuronal cell bodies with a cholinergic phenotype (black arrows). Note
also the ChAT-positive terminal profiles which appear to ascend toward a weakly stained neuronal cell
body (white arrow). Scale bar = 100 pm. (C) The pedunculopontine tegmental nucleus (PPT) and the
lateral dorsal tegmental nucleus (LOT) contain neurons which are strongly ChAT -immunoreactive. AS,
aqueduct of Sylvius; OSP, decussation of the superior cerebellar peduncle; MLF, medial longitudinal
fasciculus, Scale bar 200 pm,
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neurons are complex in the face of cholinergic activ
ation. Some cells demonstrate delayed hyperpolariz
ation and it may be this effect that increased AChE
serves to decrease.
Although its exact function remains to be eluci
dated, AChE reaction product is concentrated in the
parvocellular laminae of all strepsirhine prosimians.
It is also concentrated in the parvocellular laminae of
the only two nocturnal haplorhine primates, Tarsius
and Aotus. (owl monkey)y,12 Our results indicate
that the correlation between daily activity pattern
and AChE distribution in the primate LGN is not in
violate. In the diurnal prosimian species, Propithecus,
an increased AChE reaction product is still seen in the
parvocellular layers of the LGN. Thus, rather than
reflecting diurnal/nocturnal lifestyles, we hypothesize
that dense staining of the parvocellular laminae may
be a primitive feature of lateral geniculate organ
ization. Both haplorhines that have this feature,

el at.

Tarsius and Aotus, are related to ancient fossils.
Tarsiformes are amongst the oldest fossil primate".
dating from the Eocene. 34 Finally, Szalay and Delson"
have noted the several similarities, including enlarged
orbits, between the skulls of the owl monkey and
Tremacebus, a late Oligocene primate, suggesting a
primitive status for Aotus as well.
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