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Abstract

Introduction: Numerous studies show the involvement of the cingulate gyrus
in affective disorders, particularly in depression. With a preventive and cura-
tive aim, the authors raise questions leading to therapeutic applications such
as focal brain stimulation. The cingulate gyrus is the primary target of these
brain stimulation therapies for the treatment of depression. The objective of
this work is to establish anatomoclinical correlations and to deduce the the-
rapeutic implications. Methodology: Our work is a review of the literature.
The inventory of the cingulate gyrus and depression was based on the devel-
opment of a critical synthesis of bibliographic knowledge. Results: We found
a bipartite Brodmann subdivision which evolved into a subdivision into four
regions of the cingulate gyrus. Descriptions of the cingulate gyrus boundaries
are imprecise and divergent. The anterior end of the anterior cingulate cortex
is a confirmed target of stimulation in the treatment of major and resistant
depression, thus requiring the authors, a consensus in its delineation. Brod-
mann’s area 25 has been described as the main target of brain stimulation
therapies. Dysfunction by local lesion or by alteration of the connectivity of
Brodmann’s area has repercussions on these different structures to which it is
interconnected. These disturbances when they are in the direction of collapse
paint a picture similar to major depression. Conclusion: The anterior cingu-
late cortex is involved in depression. The functional system organization of
affectivity will allow new brain stimulation techniques to act on the entire
functional system or on one of its components.
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1. Introduction

The cingulate gyrus is a part of the limbic lobe located on the medial aspect of
the cerebral hemispheres, above the corpus callosum. It corresponds to Brod-
mann areas (AB) 23, 24, 25, 26, 29, 30, 31, 32 and 33 [1]. Many studies have
shown the involvement of the cingulate gyrus in affective or mood disturbances
[2] [3] [4] [5] [6]. These disturbances in affectivity can point in the direction of
collapse or exaggeration.

Depression is a mood disorder or affective disorder [7] characterized by an
unpleasant feeling that can reach pain. There are several clinical forms of de-
pression. They all have a common core, which is the depressive syndrome con-
sisting of: depressed mood (sadness, crying, apathy), psychomotor slowing and
physical signs [8].

Symptoms of depressive syndrome are complete in severe forms such as ma-
jor depression, resistant depression and chronic depression. For curative pur-
poses, authors have raised questions which currently lead to therapeutic appli-
cations such as focal brain stimulation. The cingulate gyrus is at the forefront of
the targets of these brain stimulation therapies including “Deep Brain Stimula-
tion” (DBS) and “Transcranial Magnetic Stimulation” (TMS). The brilliant re-
sults obtained reinforce the involvement of the neuro-anatomo-functional di-
mension in the diagnostic and therapeutic processes of depression, especially in
its severe forms. Therefore, the identification of neuroanatomical structures
involved in the control of affectivity is of increasing interest day by day in the
field of research. Indeed, this interest is noted at several levels. First in the clin-
ic, this update will allow us to understand the mechanism by which the various
symptoms of major depression occur. This suggests that practitioners and re-
searchers take into account the biological dimension of mood disorders. Then,
this work is also of interest in anatomy in the sense that the development of a
recent synthesis on the descriptive and functional aspects of the anatomy of
the cingulate gyrus is necessary. This synthesis will complete the first anatom-
ical descriptions of the cingulate gyrus which are certainly existing but rather
disparate. She is also contributing to the development of new Atlases of
Anatomy of the Central Nervous System. Finally, in imaging, the precise ana-
tomical descriptions produced are of capital interest because they will consti-
tute a descriptive and functional database of this part of the central nervous
system. These data will serve as a reference for new image acquisition tech-
niques. This will allow the latter to be close to reality and to keep all their co-
herence.

Thus, the objective of our work is:

- To establish correlations between the anatomical abnormalities (morpholog-
ical and functional) of the cingulate gyrus and the clinical aspects occurring
during major depression and;

- To deduce the therapeutic implications.
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2. Methodology
2.1. Type of Study

Our work is a bibliographic study.

2.2. Materials

The material used was both physical and electronic works of Anatomy and Psy-
chiatry. The articles were available in the various databases and journals offered
by the Jubil entry portal.

We used Excel and World for entering and representing some data in tabular
form. The diagram was drawn by hand then scanned and captioned.

The Zotero software allowed the construction of a bibliographic database and
the automatic insertion of bibliographic references.

Also, drawing material on paper consisting of colored pencils and felt-tip pens

was used to produce a synthesis diagram of the anatomical data.

2.3. Method

The review of the literature was based on the development of a critical synthesis
of bibliographic knowledge on Cingulate Gyrus and Depression.

We first carried out a well-organized documentary search using the funnel
method. This method consists in making a broad then restrictive search.

Through the Jubil entry portal we searched library catalogs and databases ac-
cording to the type of document sought. The search keywords taken from the
title “Cingulate Gyrus and Depression” were translated into Medical Subject
Headings (MeSH) terms using the Pubmed database. The same terms were
searched directly in Direct Science.

As we went along, we recorded the bibliographic references in Zotero.

From the full texts of the articles that best answered our topic, we assessed the
extent, form, and depth of work on the cingulate gyrus and depression. The
neuroanatomical data found were synthesized and represented on a diagram
produced by freehand.

Also, the analysis of the various consensual aspects and controversies of the
subject, led to the formulation of hypotheses that could later be the subject of

in-depth research.

3. Results

3.1. Summary of Studies on the Subdivision of the Cingulate Gyrus

We found a bipartite Brodmann subdivision which evolved into a subdivision

into four regions of the cingulate gyrus [Table 1].

3.2. Synthesis Diagram

The synthesis diagram shows the limits and subdivision of the cingulate gyrus

on a medial view of a left cerebral hemisphere [Figure 1].
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Table 1. Studies carried out on the subdivision of the cingulate gyrus.

TITLE

AUTHORS SUBDIVISION OF THE CINGULATE GYRUS

Brodmann subdivision

Localisation in the cerebral ~Brodmann Anterior cingulate cortex (ACC): BA24, 25, 32, 33
cortex (1909) Posterior cingulate cortex (PCC): BA29, 30, 23, 31
Human cingulate cortex: Vogt Anterior cingulate cortex (ACC): BA24, 25, 32, 33
surface features, flat maps
and cytoarchitecture (1995) Posterior cingulate cortex (PCC): BA29, 30, 23, 31
Vogt review
Subgenous anterior cingulate cortex (sACC)
Anterior cingulate cortex:
BA24. 2532 and 33 Pre-knotted anterior cingulate cortex
(pACC)
Pain and emotion Vogt Middle cingulate cortex: BA24’,  Anterior middle cingulate cortex (aMCC)
Iinteractions in subregions >
of the cingulate gyrus (2005) 32 Posterior middle cingulate cortex (pMCC)
Posterior cingulate cortex: Ventral posterior cingulate cortex (VPCC)
BA23, 31 Dorsal posterior cingulate cortex (dPCC)
Retrosplenial cingulate cortex Part not studied
Return of Brodmann subdivision
Subcallous cingulum:
The Subcallosal Cingulate
G n the Cont gt - Hamani Anterior cingulate cortex BA25 + under callused part of BA24
us in the Context o
yr' i (2011) (ACQ) andBA32
Major Depression
Remaining part of ACC (not studied)
Localization of function in Anterior part: rostral, geneum and anterior
anterior cingulate cortex: Gasquoine Anterior cingulate cortex
From psychosurgery to 2013 ACC
functifn};] gerr ( ) ( ) Posterior part (not studied)
Neuroanatomical ACC pre-knotted
correlates of apathy in
. P . 4 Yuen Anterior cingulate cortex
late-life depression and
(2014) (ACC)

antidepressant treatment
response

ACC dorsal

Elimination of controversies over MMC by Vogt

Midcingulate cortex:
Structure, connections,
homologies, functions and
diseases

Anterior MCC
Vogt

(2016) Middle cingulate cortex (MCC)

Posterior MCC

4., Discussion
4.1. Limits and Constraints

4.1.1. Subdivision
The controversies noted in the literature are partly underpinned by the lack of

consensus in the delineation of brain regions. The involvement of Brodmann’s
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Top

T—) Front

-Anterior part Area 32 (ACC)

osterior part Area 32 (MCC)

- Anterior part Area 24 (ACC)

Posterior part Area 24 (MCC)

Area 23 (PCC)

-Area 25 (ACC)

Area 31 (PCC)

1 : Rostrum of the corpus callosum (CC) 7 : Frontal lobe

2 : Knee of the CC 8 : Occipital lobe
3 : Corpus of the CC 9 : Temporal lobe
4 : Splenium of the CC

5 : Cingulate sulcus (CS)

6 : Terminal branch of the CS

Figure 1. Subdivision of the cingulate gyrus on a medial view of a left cerebral
hemisphere.

area 25 in the regulation of affectivity is confirmed by several works [9] [10]
[11]. However, some authors consider it to be part of the ACC while others con-
sider it to be part of the ventromedial prefrontal cortex [12]. This leads to diver-
gent conclusions concerning the areas of the brain involved in the affective

process.

4.1.2. Semiological Limits

Psychiatry is a medical discipline that is not without subtlety when it comes to
defining criteria for a given syndrome. The depressive syndrome which is the
nucleus of depression is no exception to this criterion. In the literature, patients
suffering from major depression are included according to the DSM-IV-TR [9]
[13] [14] [15] and DSM-V criteria. On the other hand, those suffering from re-
sistant depression are included according to the criteria of different scales of
apathy or depression [9] [10]. Also, the authors used different indicators in-
cluding apathy and emotion. Tribolet (2000) defines emotion as a usually tran-

sient, important variation of the thymic experience. It is a component of affec-
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tivity. It also defines affectivity which corresponds to a thymia refined, orches-
trated and often amplified by intelligence and higher psychic functions which
constitute the terminal stage of the personality. Affectivity therefore appears as
the system which synchronizes both cognitive functions and higher psychic
functions such as thought, attention, memory, judgment and mood. The latter is
influenced by emotions and instinctual functions [16]. Thus the system organi-
zation of the affectivity register comes very close to the new neurobiological ap-
proach based on connectivity.

4.2. Subdivision of the Cingulate Gyrus

The current subdivision of the cingulate gyrus results from the synthesis of sev-
eral studies. It went from the simplest to the most complex [1] [17] [18] [19]
[20] [21] [22] [23]. Already with Dejerine, the cingulate gyrus was called convo-
lution of the corpus callosum or first convolution of the limbic lobe [18] [24]. It
consisted of two parts named according to their situation in relation to the cor-
pus callosum. Brodmann in 1905 proposed on cytoarchitectural bases, a subdivi-
sion into two parts called the anterior cingulate cortex (ACC) and posterior
cingulate cortex (PCC). This work, admittedly contributory, presented limits
concerning the functions of these regions [22]. This is how Vogt in 2005 pre-
sented a subdivision of the cingulate gyrus into four parts with definition of their
corresponding function. These parts were in addition to ACC and PCC, the
middle cingulate cortex (MCC) and retrosplenial cortex (RSC) [6] [21]. The
work that followed sparked much controversy, particularly over the existence of
the middle cingulate cortex (MCC) which was first described by Vogt. Three
authors worked on ACC and they did not consider MCC as a region apart from
the cingulate gyrus [5] [9] [13]. They included it in the ACC and matched it to
the backbone of the ACC. Which refers to the first subdivision of Brodmann.
However, a recent article by Vogt (2016) eliminates any controversy as to
whether or not the MCC is considered. First, he specifies that the MCC does not
belong to the ACC based on relevant arguments of functional MRI and immu-
nohistochemistry. Then, he describes on precise cyto-architectural bases, the
subdivision of the MCC into two parts: the anterior MCC and the posterior
MCC. Unlike the MCC, the ACC is far from reaching the same level of consen-
sual subdivision. Currently it is the subject of discord nomenclature with syn-
onymies of cortical areas composing it, without topographic or functional cor-
respondence. This is the case with Brodmann’s area 25, which corresponds to
both the subgeniculate ACC, the caudal part of the subcallosal cingulum and
other inconsistent names. Thus, after a century, the various studies carried out
have certainly shown relevant results, but the complexity of the aspects of subdi-

vision and nomenclature of the cingulate gyrus is still relevant today.

4.3. Synthesis Diagram

The set of Brodmann areas 24, 25, 31, 32, 33, 23, 26, 29 and 30 constitute the

cingulate gyrus. In order to make this diagram comprehensive and simple, these
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areas have been associated with the 4 regions of the cingulate gyrus described by
Vogt in 2005. However, this subdivision does not provide information on the
internal boundaries of the 4 regions of the cingulate gyrus. Nevertheless, we
found in the literature anatomical landmarks [19] allowing us to represent the
anterior and posterior limits of the MCC in our diagram. The MCC corresponds
to the middle third of the corpus callosum and its posterior limit is located just
before the reflection of the marginal branch of the cingulate sulcus. Thus, on this
medial view of a left cerebral hemisphere, area 25 and the rostral part of areas 24,
32, 33 correspond to ACC, the caudal part of areas 24, 32 and 33 represents
MCQC, areas 23 and 31 correspond to the PCC and finally the areas 26, 29 and 30
constitute the RSC. Area 33 and splenial areas 26, 29 and 30 are not visible in our
diagram because they are located deep in the furrow of the corpus callosum.
Area 33 is buried in the sulcus of the corpus callosum as a narrow strip of cortex
near the knee of the corpus callosum. The areas of the RSC are located on the
anterior surface of the PCC facing the splenium and within the sulcus of the
corpus callosum. The descriptions given on the limits of the cingulate gyrus are
imprecise and above all divergent. From the work of Dejerine (1895) and Brod-
mann (1905), to those of other more recent authors, this imprecision persists,
which mainly concerns the anterior and posterior extremities of the cingulate
gyrus. For some authors, the posterior end corresponds to the splenial region
[21] [22]. However, in Drake’s work, the limbic lobe isthmus is considered to be
the terminal or posterior end of the cingulate gyrus. It is a narrow strip of cortex
separating the cingulate gyrus from the parahippocampal gyrus. The same is true
for the anterior extremity which corresponds to Brodmann’s area 25. Its delimi-
tation and denomination are the subject of controversy in the literature. It is
sometimes attached to the knee of the corpus callosum [18], sometimes to the
caudal part of the rostrum [21] [22]. The synthesis of the various neuroanatom-
ical descriptions allowed us to specify its limits on the diagram. Brodmann’s area
25 is bounded in front and below by Brodmann’s area 11, behind the parater-
minal gyrus from which it is separated by the posterior para-olfactory sulcus.
Above and in front it is limited by the cranial part of the subcallous gyrus and a
short vertical groove called the anterior para-olfactory groove. However, for
some authors, it belongs to the prefrontal cortex. This partly explains the diver-
gent conclusions found in the literature. The proponents for the membership of
Brodmann’s area 25 to the pre-frontal cortex used a methodology based on im-
aging (PET, CT, MRI) and the proponents for the membership of this Brod-
mann area 25 to the cingulate cortex have used in addition to imagery arguably
more precise cyto-architectonics.

Moreover, this anterior extremity (Brodmann’s area 25) is arousing much in-
terest with new focal brain stimulation therapies applied to neurological and
psychiatric pathologies [10] [25] [26] [27]. It constitutes a confirmed target of
stimulation in the treatment of major and resistant depression.

Faced with these innovative therapeutic perspectives and the disagreements

described above, it is necessary to carry out work whose main objective would be

DOI: 10.4236/0jpsych.2022.121004

43 Open Journal of Psychiatry


https://doi.org/10.4236/ojpsych.2022.121004

R. Wade-Kane et al.

to find a consensus in the delimitation and nomenclature of this region. Also,
this would make it possible to make the data from the literature that already ex-

ist better usable. Part of our work is a start.

4.4. Cingulate Gyrus and Depression

The first experimental studies in animals linked emotional behavior to the cin-
gulate gyrus. Lesions of the cingulate gyrus in monkeys have led to the disap-
pearance of their aggressiveness, an exaggerated taming and a disinterest in the
face of danger [28] [29]. These animal experiments paved the way for cingu-
lectomy as a psychosurgical method. Patients with mental disorders whose de-
pression improved rapidly after cingulectomy. Also, thanks to neuroimaging,
abnormalities in brain activity of ACC were found in patients suffering from
depression [13]. From then on, researchers were interested in the identification
of neuroanatomical structures involved in the control of affectivity. The first re-
sults showed that only the anterior part of the ACC is involved in the emotion,
the posterior part being activated during pain responses. The second results ob-
tained incriminated the subcallous gyrus of ACC and more precisely Brod-
mann’s area [5] [9] as the control center of the affectivity system. In fact, ab-
normalities in the brain activity of Brodmann’s area have been found in depres-
sive patients. Also in a stimulation experiment in humans (thoughts of sad
events) the results showed significant brain activity at Brodmann’s area.
Functionally, this area is interconnected with other regions of the cingulate
cortex such as the posterior ACC, MCC and PCC. It is also related to the ven-
tro-medial prefrontal cortex, the dorsolateral prefrontal cortex, the hypothala-
mus, the supplementary motor area, the reticulate formation, the amygdala, the
hippocampus and the nucleus accumbens [1] [5] [11] [29] [30]. Consequently,
dysfunction by local lesion or by alteration of the connectivity of Brodmann’s
area will have repercussions on these different structures to which it is intercon-
nected. These may be disturbances of interest to:
- Cognitive functions such as attention, thinking (dorsolateral prefrontal cor-
tex), memory (hippocampus);
- Vegetative functions, appetite and libido (hypothalamus);
- Sleep (reticulate formation);
- Interest and motivation (nucleus acumbens);
- Pre-motor functions (additional motor area).
These disturbances when they go in the direction of a collapse give a picture
similar to the major depression characterized by:
- Depressed mood with sadness, listlessness, anhedonia (loss of pleasure) and
lack of interest;
- Psychomotor slowing down with bradypsychia (slowing down of thought),
rare movements which may be due to a loss of movement initiation;
- Physical signs: Ey (1989) in his book describes digestive signs such as ano-

rexia, nausea, saburral state of the digestive tract, constipation or diarrheal
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debacles. Cardiovascular examination shows disturbances in pulse and blood
pressure with hypotension in the stuporous form and hypertension in the
anxious form. Amenorrhea is common. The neuro-vegetative signs lead to
vagotonic syndrome in the stuporous form and suggest a stressful adrenergic
reaction in the anxious form [8].

- Amnesia;

- Hypoprosexia (decreased attention);

- A decrease in libido;

- Insomnia.

These anatomo-clinical correlations justify the application of new therapeutic
approaches to focal brain stimulation. “Deep Brain Stimulation” (DBS) and
“Transcranial Magnetic Stimulation” (TMS) have been shown to be effective in
the treatment of major depression and resistant depression [10] [31]. The focal
stimulation of the primary center of the emotion will propagate to the levels of
the other structures to which it is interconnected [5]. Thus it will raise their level
of activity and give a state of basal emotional tone. This stimulation can also
concern the white matter fibers which connect these different structures.

In addition, other authors inspired by the work of Papez, organize the repre-
sentation of emotion at the level of the brain, into two components [32]:

- A physical component connected to the hypothalamus and which underlies
the physical, somatic and vegetative signs, during depression and
- A psychic component involved in “conscious perception” and provided by

the cingulate cortex.

5. Recommendations

This work carried out on depression and the cingulate gyrus suggests that we

push our reflection on the following points:

- The precise delimitation of a psychic cortical area and the knowledge of the
trajectory of the fibers which connects it to other structures, will make it
possible to act on the entire functional system or on one of its components.
Thus, we recommend focal stimulation on white matter fibers to act on a
dominant component of depression. This is an example of a clinical form of
anxiety depression. The stimulation will target the white fibers originating
from the cingulate cortical area and which are in connection with the struc-
tures that govern anxiety. On the other hand for a complete depressive syn-
drome in a context of major, resistant or chronic depression, we indicate a
cortical stimulation which will diffuse at the level of the other interconnected
structures thanks to the fibrous projections;

- The integration of anatomical data obtained in neuro-navigation systems;
which will help in pinpointing the exact site during brain stimulation;

- The establishment of a mapping of psychic brain areas which also takes into
account the connectivity between the different brain structures;

- The revision of the anatomical nomenclature of the different regions of the
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cingulate gyrus in order to eliminate the many synonymies without topo-
graphical or functional correspondence. This revision will also make the

much research work on the cingulate gyrus and depression more useful.

6. Conclusion

Emotion is a primitive instance that humans share with other mammals. Affec-
tion involves highly differentiated structures including the prefrontal cortex. Its
system organization responds to the new neurobiological approach based on the
connectivity of neuro-anatomical structures. Brodmann’s area of the anterior
cingulate cortex (ACC) is implicated in depression despite the complexity of the
neuroanatomical and psychiatric aspects noted in the various studies. This com-

plexity opens the way for fundamental, clinical and synthetic studies.
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