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Abstract
The aim of this study was to investigate the involvement of the periaqueductal gray (PAG), an area of gray matter surrounding

the cerebral aqueduct of Sylvius, in the pathogenetic mechanism of SIDS, a syndrome frequently ascribed to arousal failure

from sleep. We reconsidered the same samples of brainstem, more precisely midbrain specimens, taken from a large series

of sudden infant deaths, namely 46 cases aged from 1 to about 7 months, among which 26 SIDS and 20 controls, in which we

already highlighted significant developmental alterations of the substantia nigra, another mesencephalic structure with a critical

role in breath and awakening regulation. Specific histological and immunohistochemical methods were applied to examine the

PAG cytoarchitecture and the expression of the tyrosine hydroxylase, a marker of catecholaminergic neurons. Hypoplasia of

the PAG subnucleus medialis was observed in 65% of SIDS but never in controls; tyrosine hydroxylase expression was sig-

nificantly higher in controls than in SIDS. A significant correlation was found between these findings and those related to

the substantia nigra, demonstrating a link between these neuronal centers and the brainstem respiratory network and a com-

mon involvement in the sleep-arousal phase failure leading to SIDS.
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Introduction
The periaqueductal gray (PAG) is an area of gray matter sur-
rounding the cerebral aqueduct of Sylvius, the structure of the
midbrain that connects the third to the fourth ventricle, and
extending from the level of the posterior commissure down
to the level of the locus coeruleus. Researchers have identified
in experimental studies a columnar organization of the PAG,
consisting of the dorsomedial, dorsolateral, lateral, and ven-
trolateral columns even if with no clear cytoarchitectonic
boundaries between them (Bandler & Shipley, 1994; Beitz,
1985; Carrive, 1993; Holstege, 1991). PAG has been recog-
nized as an “analgesia center” for half a century as it plays
a role in suppressing pain (Basbaum & Fields, 1978; Baskin
et al., 1986; Reynolds, 1969; Roizen et al., 1985).

However, considering that the PAG, despite being a small
area, is densely connected to many regions of the brain with
output and input transport of neurotransmitters, recognizing
to it only a role in pain control is a limited perspective. In

fact, a range of additional and different functions of PAG
besides the analgesia, and in particular heart rate, blood pres-
sure modulation, production of vocalization, anxiety, and
control of bladder contraction was increasingly demonstrated
(Holstege, 1989; Lovick, 2000; Rossi et al., 1994; Sitsapesan
et al., 2013; Subramanian et al., 2020; Zare et al., 2019). The
PAG potential as an integrative neural structure for breathing,
particularly involved in the perception of respiratory troubles
and breathlessness, has been also highlighted (Faull et al.,

1“Lino Rossi” Research Center for the study and prevention of unexpected

perinatal death and SIDS, Department of Biomedical, Surgical and Dental

Sciences, University of Milan, Milan, Italy
2Faculty of Allied Health Sciences, University of Lahore, Lahore, Pakistan

Corresponding Author:
Anna Maria Lavezzi “Lino Rossi” Research Center for the study and pre-

vention of unexpected perinatal death and SIDS, Department of Biomedical,

Surgical and Dental Sciences, University of Milan.

E-mail: anna.lavezzi@unimi.it

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-

NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution

of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access page (https://us.sagepub.com/en-

us/nam/open-access-at-sage).

Original Papers

ASN Neuro

Volume 13: 1–9

© The Author(s) 2021

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/17590914211048260

journals.sagepub.com/home/asn

https://orcid.org/0000-0002-0377-5245
https://orcid.org/0000-0001-8965-1587
mailto:anna.lavezzi@unimi.it
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/asn


2016; Faull et al., 2019; Subramanian et al., 2008;
Subramanian & Holstege, 2010).

Given that SIDS has been recognized as a consequence of
breathing control disorders, mainly in awakening from sleep
(Hunt, 1989; Kahn et al., 2003; Kato et al., 2003), the aim
of this study was to verify whether even alterations of the
PAG could contribute to death in this syndrome. Then, for
this purpose, we reconsidered a large series of SIDS, in
which we already highlighted significant morphological and
functional alterations of the substantia nigra pars compacta
(SNpc), another mesencephalic structure that is involved in
the breath and the sleep-wake cycle regulation (Lavezzi
et al., 2020). Then, we set out to focus the present study on
the PAG, a region that has been quite neglected or not exam-
ined in depth in the previous research, correlating the results
with the previous ones related to the SN, with the hope to
offer a contribution to the current knowledge on the pathoge-
netic mechanism of SIDS.

Methods
We investigated the cytoarchitecture of the PAG and the
expression of tyrosine hydroxylase (TH), the enzyme
involved in the catecholamine synthesis, in its neurons in a
cohort of 46 victims of sudden infant death, 26 males and
20 females, aged between 4 and 30 postnatal weeks (approx-
imately 1–7 months), and precisely in the same series of cases
in which we previously reported the frequent presence of mor-
phological and functional alterations of the substantia nigra
(Lavezzi et al., 2020).

These cases were sent to the Lino Rossi Research Center
after a routine post mortem examination that did not lead to
a death diagnosis, for the deep analysis of the nervous
system, in accordance with the guidelines provided by the
Italian law n.31/2006 “Regulations for Diagnostic Post
Mortem Investigation in Victims of sudden Infant Death
Syndrome (SIDS) and Unexpected Fetal Death” (Available
at: https://www.linorossi.center/guidelines).

Ethics Approval
The Institutional review board approval was not required for
this study since it complies with the requirements of the afore-
mentioned law. Furthermore, the Lino Rossi Research Center
of Milan University is the national referral center for its appli-
cation. Anyway, the parents of all the infants included in the
study provided written informed consent to autopsy, related
research and publication of the results.

After extensive examination, which led to the exclusion of
cardiac, neurologic, respiratory, infectious, metabolic and
genetic conditions, 26 infant deaths were classified as
“SIDS”, due to the absence of any pathological finding. As
for genetic tests, our protocol provides for the taking of spe-
cific samples from the brains of small victims before proceed-
ing with the usual histological methods, for the search for

possible gene variants predisposing to sudden unexpected
infant death. In particular, we analyze the PHOX2B gene,
to exclude the congenital central hypoventilation syndrome,
the promoter region of the serotonin transporter protein
(5-HTT) gene, since the presence of the “L” allele represents
a predisposing factor for sudden infant deaths, and, among the
inborn errors of metabolism, when possible, the medium-chain
acyl-coenzyme A dehydrogenase (MCAD), a gene which catal-
yses the first step in the β-oxidation of fatty acids, given that the
enzyme deficit resulting from its mutation can lead to sudden
fatal hypoglycemia. Most of the SIDS (24/26 cases) were
found dead in their sleep. A precise cause of death was formu-
lated at autopsy for the remaining 20 cases. As they shared
certain sociodemographic characteristics (gender, ethnicity and
age) at the time of death with the SIDS victims, they were
used as “controls”. Related death diagnoses were: congenital
heart disease (9 cases), severe bronchopneumonia (4 cases), pul-
monary dysplasia (3 cases), myocarditis (2 cases), malaria (1
case), and pericarditis (n.1 case).

The neuropathological protocol essentially consisted of the
morphological examination of the brainstem, where the main
centers controlling the vital functions are located. The related
procedures are described in depth in some of our previous arti-
cles (Lavezzi et al., 2016; Lavezzi et al., 2019; Lavezzi et al.,
2019). In addition to the structures routinely considered, here
we analyzed the PAG in mesencephalic serial sections from
the superior to the inferior colliculus, with a special focus
on the cytoarchitecture and on the expression of the tyrosine
hydroxylase (TH), a marker of catecholaminergic neurons.
All the observations were performed with a Nikon Eclipse
E800 light microscope (Nikon Corporation, Tokyo, Japan)
and the images of interest were captured using a Nikon
Coolpix 8400 digital camera attached to the microscope.

Tyrosine Hydroxylase (TH) Immunohistochemistry
of the PAG Neurons
For the immunohistochemical study of the neuronal catechol-
aminergic population in the area surrounding the third ven-
tricle, appropriate midbrain sections were incubated with
rabbit anti-TH primary antibody diluted in phosphate buffered
saline (PBS) and reacted overnight at 4°C. Biotin conjugated
secondary antibody incubation (1:200 cat #S-1000 Vector
Laboratories) was performed for 30 min at room
temperature. After several washes in PBS, antibody
complex was localized using the ABC system (Vectastain
ABC Elite kit cat #PK6101, Vector Laboratories) followed
by 3,3′-diaminobenzidine reaction. The sections were then
counterstained with Mayer-hematoxylin for nuclei and cover-
slipped after dehydration in ascending concentrations of
ethanol and cleared in xylene. To evaluate the specificity of
the immunohistochemical method, negative controls were
performed by pre-absorbing the primary antibody with a rel-
ative antigen excess (100 μg mL−1) and incubating the
complex with the sections in the specific step, or by replacing
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the primary antibody with PBS in the incubation. In these pro-
cedures staining always failed to occur.

Statistical Methods. All the histological and immunohisto-
chemical findings were analyzed by two independent
blinded pathologists. The evaluations obtained by each
observer in relation to the different parameters were reported,
case by case, in a table. Then, once the mean values were cal-
culated, they were compared by using the K Index (KI) in
order to evaluate the inter-observer reproducibility. The
Landis and Koch (Landis & Koch, 1977) method for the K
coefficient interpretation was then used (0 to 0.2= slight
agreement; 0.21 to 0.40= fair agreement, 0.41 to 0.60=mod-
erate agreement; 0.61 to 0.80= strong or substantial agree-
ment; 0.81 to 0.99= 1.00= very strong or almost perfect
agreement; 1.0= perfect agreement). A very satisfactory KI
value (=0.87) was obtained in this study. Distributions of con-
tinuous variables were analyzed by the one-way ANOVA test.
The categorical data have been expressed as number and per-
centages. Statistical calculations were carried out using SPSS
software version 20.0 (SPSS Inc.Chicago, IL). A p-value
<0.05 was considered statistically significant.

Results

Neuropathological Findings Related to the PAG
Cytoarchitecture. The histological examination of the PAG
was performed on specific serial sections of midbrain
stained with Klüver-Barrera. Scattered neurons in the gray
matter surrounding the aqueduct of Sylvius, immediately
adjacent to a thin stratum gliosum, were clearly visible.
However, it was not possible to identify the columnar organi-
zation reported in experimental studies, i.e. the dorsomedial,
dorsolateral, lateral, and ventrolateral PAG columns
(Bandler & Shipley, 1994; Beitz, 1985; Carrive, 1993;
Holstege, 1991). In most cases we identified only two main

groups of neurons which envelops the dorsal and ventrolateral
parts of the aqueduct with no clear cytoarchitectonic boundar-
ies and variation in cell type and density: 1) a posterior dense
mantle of small sized, round or fusiform cells, defined by us,
in accordance with to the Atlas of Olszewski and Baxter
(Olszewski & Baxter, 2014), “PAG subnucleus dorsalis”
(PAGsd), and bilaterally 2) a wide cluster of larger elongated,
more scattered darkly stained neurons with long processes in
the ventrolateral area named, according to the same criteria,
“PAG subnucleus medialis” (PAGsm) (Figure 1).

In all SIDS cases, as in controls, the PAGsd presented the
same morphological cytoarchitecture characterized by a
marked accumulation of small rounded cells, among which
occasional elongated neurons were recognized (Figure 2).
On the contrary, a substantial difference was found with
regard to the PAGsm. In fact, while many large sized
neurons were visible in this subnucleus in all the control
cases and in 9 SIDS (35%) (Figure 3A), an hypoplasia with
clear reduction in the cell number, was observed in the
remaining 17 SIDS (65%), all died in the sleep phase
(Figure 3B).

TH-immunohistochemistry. In the control group and in 5 SIDS
(19%) a widespread TH-immunopositivity was highlighted
in a high percentage of the PAGsm neurons (around 50%)
(Figure 4A and B), indicative of dopamine-containing
cells, given that most neurons within the ventrolateral
pars of the PAG are recognized as dopaminergic (Meyer
et al., 2009). Contrastingly, a greater loss of TH immunoex-
pression in the PAGsm neurons was observed in the
remaining 21 SIDS victims (81%), all found dead in their
sleep (5 of which with PAGsm normal structure)
(Figure 4C). No immunopositive cell was present in the
PAGd.

Table 1 and Figure 5 summarize the cytoarchitectural and
immunohistochemical results.

Correlation Between PAG and SNpc Findings
The above results were compared with those of our previous
study on the same case series (Lavezzi et al., 2020), among
which the most important was the hypoplasia of the substantia
nigra, mainly affecting its pars compacta (SNpc) and charac-
terized by a remarkable reduction of neuron number, found in
18 of the 26 SIDS cases. A strong correlation between SNpc
hypoplasia and that of the PAGsm was highlighted. In fact, 15
of the 17 cases with hypoplasia of the PAGsm belonged to the
SIDS group with SNpc hypoplasia. Similarly, all 21 cases
with negative or poor PAG TH-immunoexpression presented
≤ 10% of TH-immunopositive neurons in the SNpc.

Discussion
Previously, in many studies we have highlighted that SIDS, as
well as unexpected fetal death, are often a consequence of

Figure 1. Photomicrographs of a transverse section of midbrain, at

the level of inferior colliculus with the indication of the two

subnuclei of the human periaqueductal gray (PAG): the subnucleus

dorsalis and the subnucleus medialis. Klüver-Barrera stain; scale Bar:

200 µm.
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Figure 2. Periaqueductal gray subnucleus dorsalis (PAGsd), characterized by a wide and dense cluster of small sized, round or fusiform

cells, located back to the Sylvius aqueduct. Klüver-Barrera stain; scale Bar: 50 µm.

Figure 3. Periaqueductal gray subnucleus medialis (PAGsm). A) large elongated, darkly stained neurons with long processes in the

ventrolateral area surrounding the Sylvius aqueduct (control case). B) rare neurons in the same area (SIDS case). Klüver-Barrera stain; scale

Bar: 50 µm.
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developmental morphological and functional alterations of
brainstem nerve centers prevalently located in the pons and
medulla oblongata that are responsible for breathing control
(Lavezzi et al., 2004; Lavezzi et al., 2014; Lavezzi et al.,
2016; Lavezzi & Matturri, 2008a; Lavezzi & Matturri,
2008b). Recently we have focused our attention on a higher
ventilatory monitoring center located in the midbrain, i.e.,

the substantia nigra (SN) and notably its pars compacta
(SNpc) (Lavezzi et al., 2020). Here, in an expanded research
on the same case series, we reached a further important step in
understanding the SIDS pathogenesis related to another mes-
encephalic structure and precisely the PAG, a specific portion
of the ventricular gray matter surrounding the Sylvius aque-
duct. We have not been able to identify the plural
PAG columnar structure recognized in experimental studies
(Bandler & Shipley, 1994; Beitz, 1985; Carrive, 1993;
Holstege, 1991) but only two main topographically distinct
groups of neurons, the PAGsd and the PAGsm. Moreover,
it is known that, as reported by Faull (Faull et al., 2019), “dis-
tinguishing sub-structures identified in animals in the human
PAG remains a challenge”. Care must be taken, in fact,
when trying to transfer the results obtained from experimental
studies into human brain research. While animal models allow
a detailed investigation of the neuroanatomy and functions of
brain structures, investigations in the human field are limited
to non-exhaustive neuroimaging methodologies that cannot
even identify direct neuronal connections. Another difference
between our results and those reported in studies on animal
models is that, while in mice the PAGd influences the venti-
latory responses to hypoxia (Hayward et al., 2003; Lopes

Figure 4. Tyrosine hydroxylase (TH) immunohistochemistry. (A) TH-immunopositivity in the PAGsm in a control case. The boxed area is

shown at higher magnification in (B); here intensely stained neuronal bodies and processes are clearly visible. (C) Rare presence of weakly

immunostained neurons in the PAGsm of a SIDS case. TH immunostaining; scale Bar: (A) 200 µm, (B) and (C) 50 µm.

Table 1. PAGsm Morphological and Immunohistochemical Findings

in SIDS and Controls.

PAGsm-histology PAGsm TH

immunohistochemical

expression

normal decreased

SIDS* Normal 9 (35%) 4 (44%) 5 (56%)

Hypoplasia 17 (65%)* 1 (6%) 16 (94%)*

Controls Normal 20 (100%) 20 (100%) 0 (0%)

Hypoplasia 0 (0%) 0 (0%) 0 (0%)

The categorical data are expressed as numbers and percentages

*Significance of SIDS values related to those of the Control group: p< 0.01

PAGsm= periaqueductal gray subnucleus medialis
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Figure 5. Schematic representation of all the results obtained in this study showing that i the neuron number and the TH expression in the

PAG are decreased in SIDS cases compared to controls. aS = aqueduct of Sylvius; DM = dopamine; PAGsd = periaqueductal grey subnucleus

dorsalis; PAGsm = periaqueductal grey subnucleus medialis; SNpc = substantia nigra pars compacta; SNpr = substantia negra pars reticulata;

TH = tyrosine hydroxylase.
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et al., 2014; Zhang et al., 2009), in humans the modifications
of breathing in adverse conditions are modulated by the
PAGsm.

In support of our interpretation, however, Carrive already
in 1993 demonstrated how the stimulation of the ventral
part of the lateral PAG generates tachypnea (Carrive, 1993).

Furthermore, the significant association observed in the
present study between the PAGsm and SNpc hypoplasia pre-
viously detected (Lavezzi et al., 2020) (15 of the 17 cases with
hypoplasia of the PAGsm, in fact, also presented SNpc hypo-
plasia) leads us to believe that the two mesencephalic struc-
tures are connected to each other and joined through
synaptic descending ways to lower brainstem nuclei of the
respiratory network. This view finds support in the experi-
mental study by Lima et al. on animal models (Lima et al.,
2018), showing evidence of direct projection from SNpc to
PAG and, from here, to the medullary retrotrapezoid
nucleus, a group of glutamatergic neurons expressing the tran-
scription factor PHOX2B and involved in activation of
breathing (Moreira et al., 2021; Takakura et al., 2014).
Interconnections between the PAG and other respiratory
nuclei of the medulla oblongata (as retroambiguus and
tractus solitarius nuclei) have also been reported in further
studies on rats (Huang et al., 2000; Klop et al., 2002;
Subramanian, 2013; Subramanian & Holstege, 2013). The
PAG even receives descending projections from the superior
colliculi, the frontal cortex and hypothalamus (Beitz, 1982;
Faull & Pattinson, 2017; George Zaki Ghali, 2020; Ryan &
Waldrop, 1995), indicating the existence of a larger network
involved in breathing modulation. We believe, in agreement
with Subramanian and Holstege (Subramanian & Holstege,
2014), that the PAG is the mediator of this network, able to
modify the action of its components also according to the
afferent information from pulmonary stretch receptors and
peripheral carotid body chemoreceptors, in order to survive
threatening events. If there is a structural and/or functional
developmental alteration, the PAG could therefore no
longer be able to coordinate the respiratory responses to
stressful events and then lead to breathing arrest.

The loss of neurons in the PAGsm here observed in the
great part of SIDS (65%), all found dead while sleeping,
can therefore provide valuable insight into the involvement
of this subnucleus in the pathogenetic mechanism of this syn-
drome that, as it is well known, mostly occurs during arousal
from sleep (Hunt, 1989; Kahn et al., 2003; Kato et al., 2003).
Our assumption is validated by the paper of Benarroch
(Benarroch, 2012) stating that the PAG contributes to REM
sleep and arousal control. In addition, the decreased
TH-immunopositivity found in 81% of SIDS (precisely in
21 of the 24 cases who died during sleep), reinforces this
assertion given that dopamine, one of the main catechol-
amines produced by the TH enzyme here detected in the
PAGsm, regulates the sleep-wake cycle (Dzirasa et al.,
2006; Monti & Monti, 2007). Then, we can conclude that
defective development of the PAG, and more specifically of

its medialis subnucleus, can lead to respiratory failure partic-
ularly in the passage from sleep to waking, resulting in prema-
ture sudden death. Further research, also focused on other
higher brain centers and correlating the results with risk
factors, will lead to a full understanding of the main causes
of SIDS. In this regard, we must point out a limitation of
our study since we have not defined the relationship
between findings and environmental toxic factors, which
seem to be increasingly involved in the defective development
of vital nerve centers of the human brain. We are currently
addressing our interest in this field by using a Field
Emission Gun Environmental Scanning Electron
Microscope in order to highlight the presence of atmospheric
pollutants in the brain. Preliminary results are promising
since, albeit in a few cases of SIDS, we are showing the pres-
ence in the brainstem parenchyma of micro- and nano- sized
foreign bodies, in particular nanomaterials that are widely
used in biomedicine, biotechnology and environmental indus-
try (Bundschuh et al., 2018).

Declaration of conflicting interests
The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding
This research did not receive any specific grant from funding agen-
cies in the public, commercial, or not-for-profit sectors.

Author Contributions
AML and RM together designed the study, developed the methods
and wrote the manuscript.

ORCID iDs
Anna M. Lavezzi https://orcid.org/0000-0002-0377-5245
Riffat Mehboob https://orcid.org/0000-0001-8965-1587

Supplemental material
Supplemental material for this article is available online.

References
Bandler, R., & Shipley, M. T. (1994). Columnar organization in the

midbrain periaqueductal gray: Modules for emotional expres-
sion? Trends in Neurosciences, 7(9), 379–389. https://doi.org/
10.1016/0166-2236(94)90047-7

Basbaum, A. I., & Fields, H. L. (1978). Endogenous pain control
mechanisms: Review and hypothesis. Annals of Neurology,
4(5), 451–462. https://doi.org/10.1002/ana.410040511

Baskin, D. S., Mehler, W. R., Hosobuchi, Y., Richardson, D. E.,
Adams, J. E., & Flitter, M. A. (1986). Autopsy analysis of the
safety, efficacy and cartography of electrical stimulation of the
central gray in humans. Brain Research, 371(2), 231–
236. https://doi.org/10.1016/0006-8993(86)90358-6

Beitz, A. J. (1982). The organization of afferent projections to the
midbrain periaqueductal gray of the rat. Neuroscience, 7, 133–
159. https://doi.org/10.1016/0306-4522(82)90157-9.

Lavezzi and Mehboob 7

https://orcid.org/0000-0002-0377-5245
https://orcid.org/0000-0002-0377-5245
https://orcid.org/0000-0001-8965-1587
https://orcid.org/0000-0001-8965-1587
https://www.americanpetproducts.org/press_industrytrends.asp
https://www.americanpetproducts.org/press_industrytrends.asp
https://doi.org/10.1002/ana.410040511
https://doi.org/10.1016/0006-8993(86)90358-6
https://doi.org/10.1016/0306-4522(82)90157-9


Beitz, A. J. (1985). The midbrain periaqueductal gray in the rat. I.
Nuclear volume, cell number, density, orientation, and regional
subdivisions. Journal of Comparative Neurology, 237(4), 445–
459. https://doi.org/10.1002/cne.902370403

Benarroch, E. E. (2012). Periaqueductal gray: An interface for
behavioral control. Neurology, 78(3), 210–217. https://doi.org/
10.1212/WNL.0b013e31823fcdee

Bundschuh, M., Filser, J., Lüderwald, S., McKee, M. S., Metreveli,
G., Schaumann, G. E., Schulz, R., & Wagner, S. (2018).
Nanoparticles in the environment: Where do we come from,
where do we go to? Environmental Sciences Europe, 30(1),
6. https://doi.org/10.1186/s12302-018-0132-6

Carrive, P. (1993). The periaqueductal gray and defensive behavior:
Functional representation and neuronal organization.
Behavioural Brain Research, 58(1–2), 27–47. https://doi.org/
10.1016/0166-4328(93)90088-8

Dzirasa, K., Ribeiro, S., Costa, R., Santos, L. M., Lin, S. C.,
Grosmark, A., Sotnikova, T. D., Gainetdinov, R. R., & Caron,
M. G. (2006). Dopaminergic control of sleep-wake states.
Journal of Neuroscience, 26, 10577–10589

Faull, O. K, Jenkinson, M., Ezra, M, & Pattinson, K. T. S. (2016)
Conditioned respiratory threat in the subdivisions of the human
periaqueductal gray. Elife 5:e12047. https://doi.org/10.7554/
eLife.12047

Faull, O. K., & Pattinson, K. T. (2017). The cortical connectivity of
the periaqueductal gray and the conditioned response to the threat
of breathlessness. Elife, 6, e21749. https://doi.org/10.7554/eLife.
21749

Faull, O. K., Subramanian, H. H., Ezra, M., & Pattinson, K. T. S.
(2019). The midbrain periaqueductal gray as an integrative and
interoceptive neural structure for breathing. Neuroscience &
Biobehavioral Reviews, 98, 135–144. https://doi.org/10.1016/j.
neubiorev.2018.12.020

George Zaki Ghali, M. (2020) Midbrain control of breathing and
blood pressure: The role of periaqueductal gray matter and mes-
encephalic collicular neuronal microcircuit oscillators. European
Journal of Neuroscience, 52(8), 3879–3902. https://doi.org/10.
1111/ejn.14727

Hayward, L. F., Swartz, C. L., & Davenport, P. W. (2003)
Respiratory response to activation or disinhibition of the dorsal
periaqueductal gray in rats. Journal of Applied Physiology,
94(3), 913–922. https://doi.org/10.1152/japplphysiol.00740.
2002

Holstege, G. (1989). Anatomical study of the final common pathway
for vocalization in the cat. Journal of Comparative Neurology,
284(2), 242–252. https://doi.org/10.1002/cne.902840208

Holstege, G. (1991). Descending pathways from the periaqueductal
gray and adjacent areas. In A Depaulis, & R Bandler, editors.
The midbrain periaqueductal gray matter: Functional anatomi-
cal and immunohistochemical organization (pp. 239–265).
Plenum.

Huang, Z. G., Subramanian, S. H., Balnave, R. J., Turman, A. B., &
Moi Chow, C. (2000). Roles of periaqueductal gray and nucleus
tractus solitarius in cardiorespiratory function in the rat brain-
stem. Respiration Physiology, 120(3), 185–195. https://doi.org/
10.1016/s0034-5687(00)00107-9

Hunt, C. E. (1989). Impaired arousal from sleep: Relationship to
sudden infant death syndrome. Journal of Perinatology, 9,
184–187.PMID: 2661762.

Kahn, A., Groswasser, J., Franco, P., Scaillet, S., & Sawaguchi, T.
(2003). Sudden infant deaths: Stress, arousal and SIDS. Early
Human Development, 75(suppl), S147–S166. there is not doi
but only PMID 14693401.

Kato, I., Franco, P., Groswasser, J., Scaillet, S., Kelmanson, I., &
Togari, H. (2003). Incomplete arousal processes in infants who
were victims of sudden death. American Journal of Respiratory
and Critical Care Medicine, 168, 1298–12303. https://doi.org/
10.1164/rccm.200301-134OC

Klop, E. M., Mouton, L. J., & Holstege, G. (2002). Nucleus retroam-
biguus projections to the periaqueductal gray in the cat. Journal
of Comparative Neurology, 445(1), 47–58. https://doi.org/10.
1002/cne.10151

Landis, R. J., & Koch, G. G. (1977). The measurement of observer
agreement for categorical data. Biometrics, 33, 159–174. there
is no doi but only PMID 843571.

Lavezzi, A. M., Corna, M. F., & Matturri, L. (2014). Disruption of
the brain-derived neurotrophic factor (BDNF) immunoreactivity
in the human kölliker-fuse nucleus in victims of unexplained
fetal and infant death. Frontiers in Human Neuroscience, 8,
648. https://doi.org/10.3389/fnhum.2014.00648

Lavezzi, A. M., Ferrero, S., Paradiso, B., Chamitava, L., Piscioli, F.,
& Pusiol, T. (2019). Neuropathology of early sudden infant death
syndrome-hypoplasia of the pontine Kolliker-fuse nucleus: A
possible marker of unexpected collapse during skin-to-skin
care. American Journal of Perinatology, 36, 460–471. https://
doi.org/10.1055/s-0038-1669398

Lavezzi, A. M., Ferrero, S., Roncati, L., Matturri, L., & Pusiol, T.
(2016). Impaired orexin receptor expression in the kölliker-fuse
nucleus in sudden infant death syndrome: Possible involvement
of this nucleus in arousal pathophysiology. Neurological
Research, 38, 706–716. https://doi.org/10.1080/01616412.2016.
1201632

Lavezzi, A. M., & Matturri, L. (2008a). Functional neuroanatomy of
the human pre-bötzinger complex with particular reference to
sudden unexplained perinatal and infant death.
Neuropathology: Official Journal of the Japanese Society of
Neuropathology, 28, 10–16. https://doi.org/10.1111/j.1440-
1789.2007.00824.x

Lavezzi, A. M., & Matturri, L. (2008b). Hypoplasia of the parafacial/
facial complex: A very frequent finding in sudden unexplained
fetal death. The Open Neuroscience Journal, 2, 1–5. https://doi.
org/10.2174/1874082000802010001

Lavezzi, A. M., Mehboob, R., Alfonsi, G., & Ferrero, S. (2020).
Substantia Nigra abnormalities provide New insight on the
neural mechanisms underlying the sleep-arousal phase dysfunc-
tions in sudden infant death syndrome. ASN Neuro, 12,
1759091420962695. https://doi.org/10.1177/1759091420962695

Lavezzi, A. M., Ottaviani, G., Rossi, L., & Matturri, L. (2004).
Cytoarchitectural organization of the parabrachial/kölliker-fuse
complex in man. Brain & Development, 26, 316–320. https://
doi.org/10.1016/j.braindev.2003.09.002

Lavezzi, A. M., Poloniato, A., Rovelli, R., Lorioli, L., & Iasi, G. A.,
… (2019). Massive amniotic fluid aspiration in a case of sudden
neonatal death With severe hypoplasia of the retrotrapezoid/par-
afacial respiratory group. Frontiers in Pediatrics, 7, 116. https://
doi.org/10.3389/fped.2019.00116

Lima, J. C., Oliveira, L. M., Botelho, M. T., Moreira, T. S., &
Takakura, A. C. (2018). The involvement of the pathway
connecting the substantia nigra, the periaqueductal gray matter

8 ASN Neuro

https://doi.org/10.1002/cne.902370403
https://doi.org/10.1212/WNL.0b013e31823fcdee
https://doi.org/10.1212/WNL.0b013e31823fcdee
https://doi.org/10.1186/s12302-018-0132-6
https://doi.org/10.1016/0166-4328(93)90088-8
https://doi.org/10.1016/0166-4328(93)90088-8
https://doi.org/10.7554/eLife.12047
https://doi.org/10.7554/eLife.12047
https://doi.org/10.7554/eLife.21749
https://doi.org/10.7554/eLife.21749
https://doi.org/10.1016/j.neubiorev.2018.12.020
https://doi.org/10.1016/j.neubiorev.2018.12.020
https://doi.org/10.1111/ejn.14727
https://doi.org/10.1111/ejn.14727
https://doi.org/10.1152/japplphysiol.00740.2002
https://doi.org/10.1152/japplphysiol.00740.2002
https://doi.org/10.1002/cne.902840208
https://doi.org/10.1016/s0034-5687(00)00107-9
https://doi.org/10.1016/s0034-5687(00)00107-9
https://doi.org/10.1164/rccm.200301-134OC
https://doi.org/10.1164/rccm.200301-134OC
https://doi.org/10.1002/cne.10151
https://doi.org/10.1002/cne.10151
https://doi.org/10.3389/fnhum.2014.00648
https://doi.org/10.1055/s-0038-1669398
https://doi.org/10.1055/s-0038-1669398
https://www.americanpetproducts.org/press_industrytrends.asp
https://www.americanpetproducts.org/press_industrytrends.asp
https://doi.org/10.1111/j.1440-1789.2007.00824.x
https://doi.org/10.1111/j.1440-1789.2007.00824.x
https://doi.org/10.2174/1874082000802010001
https://doi.org/10.2174/1874082000802010001
https://doi.org/10.1177/1759091420962695
https://doi.org/10.1016/j.braindev.2003.09.002
https://doi.org/10.1016/j.braindev.2003.09.002
https://doi.org/10.3389/fped.2019.00116
https://doi.org/10.3389/fped.2019.00116


and the retrotrapezoid nucleus in breathing control in a rat model
of Parkinson’s Disease. Experimental Neurology, 302, 46–56.
https://doi.org/10.1016/j.expneurol.2018.01.003

Lopes, L. T., Biancardi, V., Vieira, E. B., Leite-Panissi, C., Bícego,
K. C., & Gargaglioni, L. H. (2014). Participation of the dorsal
periaqueductal grey matter in the hypoxic ventilatory response
in unanaesthetized rats. Acta physiologica, 211(3), 528–537.
https://doi.org/10.1111/apha.12254

Lovick, T. A. (2000). Panic disorder: A malfunction of multiple
transmitter control systems with the midbrain periaqueductal
gray matter. Neuroscientist, 6, 48–59. https://doi.org/10.1177/
107385840000600113

Meyer, P. J., Morgan, M. M., Kozell, L. B., & Ingram, S. L. (2009).
Contribution of dopamine receptors to periaqueductal gray-
mediated antinociception. Psychopharmacology (Berl), 204(3),
531–540. https://doi.org/10.1007/s00213-009-1482-y

Monti, J. M., & Monti, D. (2007). The involvement of dopamine in
the modulation of sleep and waking. Sleep Medicine Reviews, 11,
113–133. https://doi.org/10.1016/j.smrv.2006.08.003

Moreira, T. S., Sobrinho, C. R., Falquetto, B., Oliveira, L. M., Lima,
J. D., Mulkey, D. K., & Takakura, A. C. (2021). The retrotrape-
zoid nucleus and the neuromodulation of breathing. Journal of
Neurophysiology, 125(3), 699–719. https://doi.org/10.1152/jn.
00497.2020

Olszewski, J., & Baxter, D. (2014). Cytoarchitecture of the human
brainstem. (JA Büttner-Ennever, & AKE Horn, editors, 3rd ed.)

Reynolds, D. V. (1969). Surgery in the rat during electrical analgesia
induced by focal brain stimulation. Science (New York, NY),
164(3878), 444–445. https://doi.org/10.1126/science.164.3878.
444

Roizen, M. F., Newfield, P., Eger, E. I., Hosobuchi, Y., Adams, J. E.,
& Lamb, S. (1985). Reduced anesthetic requirement after electri-
cal stimulation of periaqueductal gray matter. Anesthesiology,
62(2), 120–123. https://doi.org/10.1097/00000542-198502000-
00004

Rossi, F., Maione, S., & Berrino, L. (1994). Periaqueductal gray area
and cardiovascular function. Pharmacological Research, 29(1),
27–36. https://doi.org/10.1016/1043-6618(94)80095-2

Ryan, J. W., & Waldrop, T. G. (1995). Hypoxia sensitive neurons in
the caudal hypothalamus project to the periaqueductal gray.
Respiration Physiology, 100(3), 185–194. https://doi.org/10.
1016/0034-5687(95)00010-b

Sitsapesan, H., Green, A. L., Aziz, T. Z., & Pereira, E. A. (2013). The
periaqueductal grey area and control of blood pressure in neuro-
degeneration. Clinical Autonomic Research, 23(4), 215–219.
https://doi.org/10.1007/s10286-013-0206-x

Subramanian, H. H. (2013). Descending control of the respiratory
neuronal network by the midbrain periaqueductal grey in the rat
in vivo. Journal of Physiology, 591, 109–122.

Subramanian, H. H., Balnave, R. J., & Holstege, G. (2008). The mid-
brain periaqueductal gray control of respiration. Journal of
Neuroscience, 28(47), 12274–12283. https://doi.org/10.1523/
JNEUROSCI.4168-08.2008

Subramanian, H. H., Balnave, R. J., & Holstege, G. (2020).
Microstimulation in different parts of the periaqueductal gray
generates different types of vocalizations in the Cat. Journal of
Voice, 35(5), 804.e9–804.e25. https://doi.org/10.1016/j.jvoice.
2020.01.022

Subramanian, H. H., & Holstege, G. (2010). Periaqueductal gray
control of breathing. Advances in Experimental Medicine and
Biology, 669, 353–358. https://doi.org/10.1007/978-1-4419-
5692-7_72

Subramanian, H. H., & Holstege, G. (2013). Stimulation of the mid-
brain periaqueductal gray modulates preinspiratory neurons in the
ventrolateral medulla in the rat in vivo. Journal of Comparative
Neurology, 521, 3083–3098. https://doi.org/10.1002/cne.23334

Subramanian, H. H., & Holstege, G. (2014). The midbrain periaque-
ductal gray changes the eupneic respiratory rhythm into a breath-
ing pattern necessary for survival of the individual and of the
species. Progress in Brain Research, 212, 351–384. https://doi.
org/10.1016/B978-0-444-63488-7.00017-3

Takakura, A. C., Barna, B. F., Cruz, J. C., Colombari, E., & Moreira,
T. S. (2014). Phox2b-expressing retrotrapezoid neurons and the
integration of central and peripheral chemosensory control of
breathing in conscious rats. Experimental Physiology, 99(3),
571–585. https://10.1113/expphysiol.2013.076752

Zare, A., Jahanshahi, A., Rahnama’i, M. S., Schipper, S., & van
Koeveringe, G. A. (2019). The role of the periaqueductal gray
matter in lower urinary tract function. Molecular Neurobiology,
56(2), 920–934. https://doi.org/10.1007/s12035-018-1131-8

Zhang, W., Hayward, L. F., & Davenport, P. W. (2009). Influence of
dorsal periaqueductal gray activation on respiratory occlusion
reflexes in rats. Autonomic Neuroscience: Basic & Clinical,
150(1–2), 62–69. https://doi.org/10.1016/j.autneu.2009.04.008

Abbreviations

ABC avidin-biotin complex
PAG periaqueductal gray
PAGsd PAG subnucleus dorsalis
PAGsm PAG subnucleus medialis
PBS Phosphate buffered saline
TH tyrosine hydroxylase
SIDS sudden infant death syndrome
SN substantia nigra
SNpc substantia nigra pars compacta.

Lavezzi and Mehboob 9

https://doi.org/10.1016/j.expneurol.2018.01.003
https://doi.org/10.1111/apha.12254
https://doi.org/10.1177/107385840000600113
https://doi.org/10.1177/107385840000600113
https://doi.org/10.1007/s00213-009-1482-y
https://doi.org/10.1016/j.smrv.2006.08.003
https://doi.org/10.1152/jn.00497.2020
https://doi.org/10.1152/jn.00497.2020
https://doi.org/10.1126/science.164.3878.444
https://doi.org/10.1126/science.164.3878.444
https://doi.org/10.1097/00000542-198502000-00004
https://doi.org/10.1097/00000542-198502000-00004
https://doi.org/10.1016/1043-6618(94)80095-2
https://doi.org/10.1016/0034-5687(95)00010-b
https://doi.org/10.1016/0034-5687(95)00010-b
https://doi.org/10.1007/s10286-013-0206-x
https://doi.org/10.1523/JNEUROSCI.4168-08.2008
https://doi.org/10.1523/JNEUROSCI.4168-08.2008
https://doi.org/10.1016/j.jvoice.2020.01.022
https://doi.org/10.1016/j.jvoice.2020.01.022
https://doi.org/10.1007/978-1-4419-5692-7_72
https://doi.org/10.1007/978-1-4419-5692-7_72
https://doi.org/10.1002/cne.23334
https://doi.org/10.1016/B978-0-444-63488-7.00017-3
https://doi.org/10.1016/B978-0-444-63488-7.00017-3
https://10.1113/expphysiol.2013.076752
https://doi.org/10.1007/s12035-018-1131-8
https://doi.org/10.1016/j.autneu.2009.04.008

	 Introduction
	 Methods
	 Ethics Approval
	 Tyrosine Hydroxylase (TH) Immunohistochemistry �of the PAG Neurons
	 Statistical Methods


	 Results
	 Neuropathological Findings Related to the PAG
	 Cytoarchitecture
	 TH-immunohistochemistry

	 Correlation Between PAG and SNpc Findings

	 Discussion
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


