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Chapter 4

Periparabigeminal and adjoining mesencephalic 
tegmental fi eld projections to the dorsolateral 

periaqueductal gray (PAGdl) in cat - new evidence 
for two subdivisions of PAGdl

Esther-Marije Klop, Leonora J. Mouton and Gert Holstege

ABSTRACT
The dorsolateral column of the mesencephalic periaqueductal gray (PAGdl) differs from its 
adjacent columns in terms of afferent and efferent connections and histochemical build-up. 
Functionally, PAGdl is associated with aversive and defensive behavior. In an earlier study of 
this laboratory (Klop et al., 2005a) it was found that PAGdl specifi cally receives input from the 
nucleus prepositus hypoglossi which plays a role in oculomotor control. In search for other 
oculomotor related brainstem structures projecting to PAGdl we studied the projections from 
the parabigeminal nucleus (PBGN) and its medially adjacent periparabigeminal area (PPBGA). 
After injections of wheatgerm agluttinin-horseradish peroxidase (WGA-HRP) involving PAGdl in 
three cats, no or only very few retrogradely labeled neurons were found in PBGN. When the 
peripheral parts of PAGdl were involved in the injection site, labeled neurons were located in 
PPBGA, while after an injection involving only the more central parts of PAGdl they were not 
located in PPBGA, but more medially in the tegmental fi eld. An anterograde tracing study using 
[3H]-leucine and biotinylated dextran amine (BDA) affi rmed that neurons in PPBGA project to 
more peripheral parts of PAGdl, while neurons located in the mesencephalic tegmental fi eld 
project mainly to the central parts of PAGdl. These results provide further evidence for a role for 
PAGdl in the oculomotor system, and for the existence of two different subdivisions of PAGdl. 

INTRODUCTION
The dorsolateral column of the PAG (PAGdl), is a wedge-shaped column that has a 
signifi cant presence in the rostral and intermediate parts of the PAG and gradually 
diminishes in the caudal parts (Bandler and Shipley, 1994). It differs from the other 
columns of the PAG with respect to its afferent and efferent connections and 
its neurochemical build-up (for review, see Keay and Bandler, 2001; Vianna and 
Brandao, 2003). Functionally, PAGdl has been associated with defensive and aversive 
responses, such as threat and confrontational behaviors or fl ight. These responses are 
accompanied by changes in heart rate, blood pressure and appropriate regional 
blood fl ow (for review, see Keay and Bandler, 2001; Vianna and Brandao, 2003), but 
it is not yet understood how PAGdl coordinates these behaviors. 
In order to further elucidate its function, we have investigated which brainstem 
regions project to PAGdl. Klop et al. (2005a) have demonstrated that the nucleus 
prepositus hypoglossi (PPH) in the dorsal medulla and pons projects specifi cally to 
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PAGdl. The caudal PPH sent fi bers to only the peripheral part of the dorsolateral 
column (PAGdldl), while the rostral, or supragenual, PPH projected to all parts of the 
dorsolateral column except this peripheral part. The fact that PPH plays a role in eye 
movements, such as horizontal and vertical gaze, led to the idea that PAGdl might 
also play a role in the oculomotor system. The question is whether other oculomotor 
related brainstem areas also project to PAGdl. One of these regions is the nucleus 
parabigeminalis (PBGN), located in the lateral mesencephalon, just ventral to the 
brachium of the inferior colliculus (fi g. 1). Physiological studies of Sherk (Sherk, 1978; 
Sherk, 1979a; Sherk, 1979b) have demonstrated that PBGN neurons respond to both 
moving and stationary visual stimuli. It maintains afferent and efferent connections 
with the superfi cial layers of superior colliculus (Graybiel, 1978; Sherk, 1979b; Roldan 
et al., 1983) and PAGdl (Graybiel, 1978). However, Graybiel (1978) did not verify this 
projection with retrograde tracing methods. This is important, because injections in 
PBGN almost always extend into the so-called periparabigeminal area (PPBGA; fi g. 
1), which is also involved in oculomotor control. In fi gure 1 the PPBGA was defi ned 
as the region in which fi bers of the caudal nucleus prepositus hypoglossi (PPH) 
terminate (McCrea and Baker, 1985), and PPBGA also maintains direct connections 
with the superior colliculus (Edwards et al., 1979; Appell and Behan, 1990; Hardy and 
Corvisier, 1991; Jiang et al., 1997). Moreover, chemical stimulation in this region has 
a facilitory infl uence on contraversive rapid eye movements (Hardy and Mirenowicz, 
1991). In the present study, the precise anatomical relationship of PBGN and PPBGA 
with PAGdl and PAGdldl was investigated, using both anterograde and retrograde 
tracing methods. 

PBGN

PPBGA

Figure 1. Brightfi eld photomicrographs of Nissl stained sections showing the location of the 
parabigeminal nucleus (PBGN) and the periparabigeminal area (PPBGA). Scale bar 800μm in 
right photomicrograph.
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MATERIALS AND METHODS
RETROGRADE TRACING STUDY
In order to determine what the exact location is of the cells that project to the 
dorsolateral part of the PAG, a retrograde tracing study in four cats was performed. 
The surgical procedures, pre- and postoperative care, as well as the handling and 
housing of the animals followed protocols approved by the University Medical Center 
Groningen. Animals were initially anesthetized with intramuscular ketamine (Nimatek, 
0.1 ml/kg) and xylazine (Sedamun, 0.1 ml/kg), and subsequently ventilated with a 
mixture of O2 and N2O (1:2), and halothane (1-2%), while ECG and body temperature 
were monitored. In three cats injections of approximately 60nl (case 2300), 100nl (case 
2395) and 40nl (case 2479) of 2.5% wheatgerm-agglutinin horseradish peroxidase 
(WGA-HRP) were made in the dorsolateral intermediate PAG. In one control case 
(case 2334) an injection of approximately 100nl was made in the superfi cial superior 
colliculus. All injections were made stereotaxically (Berman, 1968), using a glass 
micropipette with a pneumatic picopump (World Precision Instruments PV830). In 
case 2300 the dorsolateral PAG was approached dorsolaterally through the inferior 
colliculus, in case 2395 via the dorsally adjoining superior colliculus, and in case 2479 
via the cerebellum and fourth ventricle. 
After a survival time of three days, the animals were perfused transcardially. For 
perfusion, all animals were initially anesthetized with intramuscular ketamine (Nimatek, 
0.1ml/kg) and xylazine (Sedamun, 0.1ml/kg), followed by an overdose (6-10ml) of 
intraperitoneal 6% pentobarbital sodium. Subsequently, they were perfused with 2 
liters of 0.9% saline, immediately followed by 2 liters of 0.1M phosphate buffer (pH 7.4), 
containing 4% sucrose, 1% paraformaldehyde and 2% glutaraldehyde.
After perfusion the brains and spinal cords were removed, post-fi xed for two hours and 
stored overnight in 25% sucrose in phosphate buffer at 4°C. Transverse 40µm frozen 
sections were made of the brainstem. Of these, every fourth section was incubated 
according to the tetramethyl benzidine (TMB) method and another series with 
diaminobenzidine (DAB), in order to defi ne the extent of the injection sites. Sections were 
dehydrated and coverslipped using Permount mounting medium. Labeled neurons 
were plotted with the aid of the Neurolucida system (Microbrightfi eld) coupled to a 
Zeiss Axioplan microscope, using darkfi eld polarized illumination. Injection sites were 
plotted using a drawing tube connected to a Zeiss brightfi eld stereomicroscope. 

ANTEROGRADE TRACING STUDY
Three injections were made in the PPBGA ([3H]-leucine cases 1439 and 1440, and 
BDA case 2619), and four control injections were made in the more medially located 
mesencephalic fi eld ([3H]-leucine case 1035, 1304 and 1481, and BDA case 2621)

[3H]-leucine cases
In fi ve cats (cases 1035, 1304, 1439, 1440 and 1481) injections were made in the 
mesencephalon with L-[4,5-3H]-leucine (specifi c activity > 100 Ci/mmol). The advantage 
of this tracer is that it is not transported by fi bers of passage, which are numerous in 
the mesencephalic tegmental fi eld. The cats were anesthetized using pentobarbital, 
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while heart rate and body temperature were monitored. Injections of 0.5µl containing 
50 µCi [3H]-leucine were made stereotaxically using Berman’s atlas (1968) with a 
Hamilton microsyringe fi tted with a 22-gauge needle. The tracer was injected over 
a period of 5 minutes, after which the needle was left in place for an additional 30 
minutes. After a survival period of 6 weeks the animals were deeply anesthetized and 
perfused transcardially with saline followed by 4% paraformaldehyde. 
The brain stems were postfi xed in 4% paraformaldehyde for at least 1 week, after 
which they were cut into 25µm frozen sections. One series of every tenth section was 
mounted, coated with Ilford G5 emulsion by dipping, and stored in the dark at 5°C for 
3 months (Cowan et al., 1972; Holstege et al., 1977). Subsequently, the material was 
developed with Kodak D19 at 16°C, fi xed and counterstained with cresyl violet. The 
injection area in all experiments was defi ned as that area in which the silver grains over 
the cell bodies were either as numerous as, or more numerous than, the surrounding 
neuropil (Holstege et al., 1977; Holstege et al., 1979).

BDA cases
In two cases stereotaxic injections of approximately 80nl biotinylated dextran amine 
(BDA; Sigma, St. Louis, MO, USA) were made in the mesencephalic tegmental fi eld 
using a dorsal approach. Surgical procedures were comparable to those used for the 
retrograde WGA-HRP experiments. 
The animals survived for two weeks, after which they were transcardially perfused with 
1 liter of 0.9% saline, followed by 2 liters of 0.1 M phosphate buffer (pH 7.4) containing 
4% paraformaldehyde. The brain and spinal cord were removed and postfi xed for 2 
hours and stored in a 25% sucrose solution.The mesencephalon was cut on a freezing 
microtome into 40μm transverse sections and every fourth section was processed. 
Sections were pretreated with 1% NaBH4 in TBS for 10 minutes and 1% H2O2 in TBS for 
60 minutes. Subsequently, the sections were incubated in avidin-biotin peroxidase 
complex (ABC; 1:400 in TBS, 0.5% Tx-100) for 120 minutes. Finally, the sections were 
incubated with 0.024% diaminobenzidine (DAB) and 0.2% ammoniumnickel sulphate 
in TBS, adding 0,04% H2O2. All incubations were performed on a rocking table at room 
temperature, and between all steps the sections were rinsed with TBS for 15 minutes, 
and 90 minutes before the incubation with DAB. To control for non-specifi c staining, 
the same procedure, except for the incubation with ABC, was applied to a series 
of control sections. These control sections were completely devoid of labeling after 
processing. All sections were mounted on slides, dehydrated and coverslipped with 
Depex mounting medium. 

RESULTS
RETROGRADE TRACING STUDY
Injection sites
In the PAG injected cases (2300, 2395 and 2479), the injection sites involved the 
dorsolateral and lateral parts of the intermediate PAG (fi g. 2). In case 2395 the 
injection was centered in the peripheral parts, and in case 2479 in the central parts of 
the PAG. In case 2300 both central and peripheral parts were involved in the injection 
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Injection sites dorsolateral PAG

2300

2479

2395

Control injection

2334

2479

Figure 2. Drawings of the location of the WGA-HRP injection sites involving the dorsolateral PAG 
or the superfi cial tectum in control case 2334. The cores of the injection sites are indicated in 
black. Darkfi eld and brightfi eld photomicrographs show the extent of the injection site in case 
2479 following diaminobenzidine (DAB) staining. Scale bar represents 3mm.
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site. The deep tectal layers were involved in cases 2300 and to a minor extent in case 
2395 (fi g 2). In control case 2334 the injection site was limited to the superfi cial layers 
of the superior colliculus.

Retrogradely labeled cells
Many retrogradely labeled cells were found in the mesencephalon in the three cases 
with injections involving PAGdl (fi g. 3). Most retrogradely labeled neurons were found 
ipsilaterally to the injection site, mainly in the superior colliculus, the cuneiform nucleus 
and the lateral tegmental fi eld. No labeled neurons (case 2479) or only very few (3 
and 1 neurons in a 1:4 series of sections in cases 2300 and 2395, respectively) were 
found in PBGN (fi gs. 3 and 4). In contrast, in control case 2334 with an injection in the 
superfi cial layers of the superior colliculus many labeled neurons were found in PBGN 
bilaterally (fi g. 4), while only very few labeled neurons were found in other parts of the 
mesencephalon.

Figure 3. Drawings of labeled neurons in the mesencephalon at the level of the parabigeminal 
nucleus and periparabigeminal area after WGA-HRP injections involving the dorsolateral PAG. 
One dot represents one labeled neuron. Injection sites have been indicated in gray,with the 
core in dark gray. Hatched area indicates that region of the mesencephalon in which labeled 
neurons were too numerous to be discernable.



63

PPBGA and midbrain tegmentum projections to PAGdl

ipsilateralcontralateral

2300

2395

2479

2334

Figure 4. Photomicrographs using darkfi eld polarized illumination showing retrogradely labeled 
cells in the ipsilateral and contralateral periparabigeminal area after WGA-HRP injections 
involving the dorsolateral PAGdl or superfi cial layers of the superior colliculus. Note the absence 
of labeled neurons in the parabigeminal nucleus in cases with PAGdl injections, and the 
abundance of labeled cells in this area after superfi cial tectum injections. Scale bar represents 
400μm.
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In cases with injections involving the peripheral parts of PAGdl (cases 2300 and 2395), 
the retrogradely labeled cells were located in the PPBGA immediately adjoining the 
PBGN (fi gs 3 and 4), mainly ipsilaterally. In the case with an injection only in the central 
parts of PAGdl (case 2479), they were located more medially in the mesencephalic 
tegmental fi eld at a much further distance from the PBGN (fi gs. 3 and 4), medial from 
PPBGA. Other differences were that more retrogradely labeled cells were located in 
the cuneiform nucleus on the contralateral side in cases 2300 and 2479 than in case 
2395. In the contralateral PAGdl many labeled neurons were found in cases 2300 and 
2479, in contrast to case 2395 (fi g. 3). 
In conclusion, after injections involving the dorsolateral PAG, retrogradely labeled 
cells were not found in PBGN. When the injections involved the peripheral part of 
the PAG, many labeled neurons were found in PPBGA, while neurons were located 
more medially in mesencephalic tegmental fi eld when the injection only involved the 
central part of PAGdl. 

ANTEROGRADE TRACING STUDY
Injections involving PPBGA
In BDA case 2619 the core of the injection was in the PBGN itself, but with signifi cant 
spread to the PPBGA (fi g. 5). In this case anterogradely labeled fi bers were mainly 
found in the peripheral parts of the dorsolateral PAG (PAGdldl), mainly ipsilaterally 
(fi g. 6). Very few labeled fi bers were found in other parts of the PAG. Many labeled 
fi bers were also observed in the overlying deep and intermediate layers the superior 
colliculus, and a patch of very dense labeling was found bilaterally in the most lateral 
part of the superfi cial layers of the superior colliculus. Furthermore, dense, puff-like 
labeling was found in the contralateral interpeduncular nucleus and the ipsilateral 
medial part of the medial geniculate body. Sparse labeling was found in the ipsilateral 
retrorubral fi eld and substantia nigra, pars reticulata. 
In cases 1439 and 1440 the core of the injection sites was in PPBGA, but they extended 
into the more medially located tegmental fi eld. PBGN was also involved in these 
injection sites, but only to a very limited extent (fi g. 5). Labeling in these two cases 
was very similar. In contrast to case 2619, not only the most peripheral part of the 
dorsolateral PAG column, but also its more central parts were labeled. Labeling in the 
dorsolateral PAG was stronger than in the other PAG columns (fi g. 7). At most rostral 
PAG levels the labeled fi bers were most numerous in the most peripheral parts of PAGdl 
and did not occupy the region close to the aqueduct (fi g 7A), at intermediate levels 
labeling was found throughout the dorsolateral column (fi g 7B-D), while at caudal 
levels labeling was most strong in the central parts of PAGdl (fi g 7E). Labeling in PAGdl 
was bilateral, albeit with a slight ipsilateral preponderance. Some ipsilateral labeling 
was found ventrolaterally in the rostral PAG, bordering the aqueduct (fi g. 7A,B), 
and weak labeling was found in the dorsomedial column, ipsilaterally stronger than 
contralaterally (fi g. 7A-E). Finally, in the caudal PAG some labeled fi bers terminated in 
the lateral column on the ipsilateral side (fi g. 7D, E). 
The superior colliculus also contained many labeled fi bers in these cases. Labeling was 
strongest in the deep layers (fi g. 7A-E), but at intermediate collicular levels labeling 
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was also seen in the most superfi cial layer on the ipsilateral side and the layer just 
beneath that on the contralateral side. Other regions that contained labeling were 
the cuneiform nucleus and nucleus sagulum bilaterally, and the PPBGA contralaterally. 
The extraocular motor nuclei III and IV (fi g 7A-C), and the contralateral PBGN were 
devoid of labeling.
In conclusion, after an injection involving PPBGA and not the more medially located 
tegmental fi eld, anterogradely labeled fi bers were found mainly in PAGdldl, and far 
less in other parts of PAGdl. After injections involving PPBGA, but also parts of the 
medially adjoining tegmental fi eld, labeled fi bers were found throughout PAGdl. 

Control injections
Control injections were studied to reveal the projection pattern to PAGdl when 
only the tegmental fi eld and not PPBGA was involved in the injection site. Injection 
sites were found in different parts of the mesencephalic tegmental fi eld at different 
rostral-caudal and medial-lateral locations (fi g. 5). The cores of the injection sites in 

Injection sites involving PPBGA Control injections in lateral tegmental field
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A1.8 A0.5

IC

PBGN

SC

P

A1.0

1439

1439

1440

1035
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2619
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Figure 5. Drawings of the location of the injection sites the involving PPBGA and of control 
injections in the mesencephalic tegmental fi eld. Brightfi eld photomicrograph shows the extent 
of the injection site in case 1439. Scale bar represents 2mm. 
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A
B

2619

PAGdl

PAGdldl

aq

A

B

2619

rostral

caudal

Figure 6. Left: Brightfi eld photomicrographs showing distribution pattern of labeled fi bers in case 
2619 with an injection in PBGN and PPBGA (A), and the axonal varicosities at high magnifi cation 
(B). Scattered line in A indicates the approximate boundary of PAGdldl, based on earlier fi ndings 
of PPH projections to PAGdl (Klop et al., 2005) Scale bar represents 250μm.
Right: Drawings showing the distribution of labeled fi bers in the PAG.
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Figure 7. Darkfi eld photomicrograph of the periaqueductal gray and adjoining deep tectal layers 
after an injection of [3H]-leucine in case 1439, with an injection in the periparabigeminal area. 
Scale bar represents 2mm. CNF, cuneiform nucleus; IC, inferior colliculus; mesV, mesencephalic 
trigeminal nucleus; SC, superior colliculus; III, oculomotor nucleus; IV, trochlear nucleus.

cases 1035 and 1304 were located most rostrally, more laterally in case 1304 than in 
case 1035 (fi g. 5). In this latter case the injection site also involved the caudal part 
of the red nucleus. In cases 1481 and case 2621 the injections were at the level of 
the intermediate PAG. In case 1481 the injection encroached upon the ventrolateral 
PAG, and in 2621 small leakage was observed along the needle tract in the deep 
layers of the superior colliculus (fi g. 5). 
Within the PAG, labeled fi bers were found in the dorsomedial, dorsolateral, lateral 
and ventrolateral columns, mainly ipsilaterally. Remarkably, the peripheral part of 
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PAGdl (PAGdldl) was devoid of labeled fi bers or contained clearly less labeled fi bers 
than the rest of PAGdl (fi g. 8). The strongest labeling in PAGdl was found in cases 1481 
and 2621, with injections in the mesencephalic tegmental fi eld at the level of the 
PBGN and weakest in case 1304, with a very rostral injection at the level of the medial 
geniculate body. Sparse labeling was found in the overlying deep collicular layers in 
all control cases.

DISCUSSION
The results of the present study show that not PBGN itself, but the medially adjoining 
PPBGA projects to the dorsolateral column of the PAG. Only very few retrogradely 
labeled cells were found in PBGN after injections involving PAGdl, and these few 
cells were most probably the result of small leakage into the superfi cial layers of 
the superior colliculus. The PBGN projection to PAGdl reported by Graybiel (1978), 
therefore, orginates from PPBGA and not from PBGN. In fact, Graybiel (1978) reported 
that the injection site in her study was not limited to the PBGN, but extended slightly 
into PPBGA. 
In addition, results of the present study revealed a differential projection pattern to 
PAGdldl and to the other parts of PAGdl, from PPBGA and the adjoining mesencephalic 
tegmental fi eld, respectively. In the present study, no retrogradely labeled cells were 
found in PPBGA after an injection not involving PAGdldl (case 2479). Conversely, after 
an injection into PPBGA, not involving the more medial tegmental fi eld, labeled fi bers 
were mainly found in PAGdldl (case 2619). This fi nding is in agreement with Graybiel 
(1978) who also found anterograde labeling only in PAGdldl after an injection in 
PBGN, extending into PPBGA. The mesencephalic tegmental fi eld located medially 
from the PPBGA projects to PAGdl, but not to PAGdldl. In cases 1439 and 1440 
labeling was found throughout the dorsolateral column, because both PPBGA and 

Figure 8. Distribution pattern within the PAG after injections in the mesencephalic tegmental 
fi eld, not involving the PPBGA.
A: Darkfi eld photomicrograph of the PAG in case 1481. Scale bar represents 1mm.
B: Brightfi eld photomicrograph of PAGdl in case 2621. Scale bar represents 250μm.

1481 2621

PAGdl

PAGdldl

aq

A B
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the mesencephalic tegmental fi eld were involved in the injection sites.
The dichotomy between PAGdl and PAGdldl, however, was not as clear as for the 
PPH projections to PAGdl and PAGdldl, which has been shown before (Klop et al., 
2005).

Two parts of PAGdl
Results from other studies in cat and rat provide support for the existence of two 
subdivisions in PAGdl. The projection from the substantia nigra pars reticulata, 
described by Harting and Van Lieshout (1991) in cat is only to PAGdldl, while the 
precommissural nucleus in rat seems to project to PAGdl, but not to PAGdldl (see 
fi g. 6 in Canteras and Goto, 1999). Besides the different connections of PAGdl and 
PAGdldl,  the distribution patterns of particular neurochemicals point to the existence 
of two subdivisions. Within the feline PAG, acetylcholinesterase (McHaffi e et al., 1991; 
Graybiel and Illing, 1994), GABA transporter-1 (GAT-1) immunoreactivity (Barbaresi et 
al., 1998; Barbaresi et al., 2001) and kainic acid receptor binding sides (Gundlach, 
1991), and in rat neuropeptide Y (Yamazoe et al., 1985), are particulary dense in 
PAGdldl. In contrast, dopaminergic fi bers seem to be almost absent in PAGdldl, while 
they are numerous in the other parts of the PAG, including PAGdl (Van Dijken, 2000). 
Cytoarchitectonic evidence for two subdivisions also exists. In rat, Gerrits et al. (1993) 
described a myeloarchitectonic map of the PAG. Six columns were distinguished of 
which column IV constitutes a column that is most probably identical to PAGdldl. 
It consists of very few, mostly tangentially oriented fi bers located in the peripheral 
part of the dorsolateral PAG. In all likelihood, the anatomical differences represent 
functional differences, but what these are remains to be determined.

PAGdl and the oculomotor system
Although some studies have been performed on the function and anatomical 
connections of the PBGN (Sherk, 1978; Sherk, 1979a; Sherk, 1979b; Roldan et al., 1983; 
Jiang et al., 1996; Lee et al., 2001; Cui and Malpeli, 2003; Wang, 2003), not much is 
known about the function of the adjoining PPBGA. Hardy and Mirenowicz (1991) in 
the guinea pig, used kainic acid to stimulate neurons in the PPBGA. These authors 
showed that PPBGA neurons have a facilitory infl uence on contraversive saccadic 
eye movements. They assumed, therefore, that neurons in PPBGA have an excitatory 
infl uence on cells in the ipsilateral superior colliculus that are responsible for these 
rapid eye movements, also because PPBGA cells project to the deep layers of the 
superior colliculus. Another indication that PPBGA is involved in eye movements is that 
it receives input from the caudal PPH (McCrea and Baker, 1985; fi g. 9). Similar to the 
PPBGA, the caudal PPH have been shown to project to PAGdldl (Klop et al., 2005a). 
Projections to PAGdldl have been reported from other oculomotor related areas, 
such as the frontal eye fi elds (Stanton et al., 1988; Leichnetz and Gonzalo-Ruiz, 1996), 
and the substantia nigra pars reticulata (Harting and Van Lieshout, 1991).
Because of its connections with oculomotor related areas, we hypothesized (Klop et 
al., 2005a) that PAGdl is involved in the oculomotor system. A physiological study in 
monkey showing that PAGdl plays a role in saccadic eye movements supports this 
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supragenual PPH

caudal PPH

PPBGA

PBGN

superficial SC

deep SC

PPBGA

PAGdl

tegmental field

Figure 9. Schematic representation of brainstem connections with PAGdl and PAGdldl, probably 
involved in eye movements. Projections demonstrated in the present study are indicated in 
black.
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hypothesis (Kase et al., 1986). In this study, electrophysiological recordings of cells 
located throughout PAGdl revealed the presence of cells in this column that had 
tonic discharge during steady fi xation of the eyes, but paused just before the onset 
of and during spontaneous saccades. In contrast, cells in the overlying layers of the 
superior colliculus showed bursts preceding spontaneous saccades. The responses 
of the cells in PAGdl were related exclusively to saccades, because discharge rates 
were not altered by visual inputs, such as lights on and off, or in relation to eye position 
or slow eye movements (Kase et al., 1986). 
The present results, together with the data from the literature, provide further evidence 
for a role in the oculomotor system for PAGdl, possibly coupled to its role in aversive 
and defensive behavior, although it remains unclear how.
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