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Source localization of the visual C1 ERP component
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Abstract:

Background: Although some studies of the C1 ERP component have revealed perceptual
variation in pregnant women, source localization has not yet been determined in this group. We
aimed to investigate the source localization of the C1 component in pregnant women using the
sLORETA tools in Net Station software. Method: A total of 36 participants were recruited and
divided between the control (n=18) and pregnant group (n=18). ERP data were collected using
128 ERP nets during a visual oddball paradigm (standard: O and target: X). Grand average
waveforms were entered into the Geosource system using SLORETA tools in Net Station
software. MRI images were displayed automatically in SLORETA to show the source of the
C1 ERP component for both groups. Results: The control group showed that standard stimuli
activated Brodmann area 18 in the inferior occipital gyrus in the occipital lobe and target stimuli
activated area 11 in the rectal gyrus in the frontal lobe. The pregnant group showed that standard
stimuli activated Brodmann area 11, which consists of the medial frontal gyrus in the frontal
lobe, and target stimuli activated area 10, which is in the medial frontal gyrus in the frontal lobe.
Conclusion: The source of the C1 ERP component was in the frontal lobe for pregnant women
during both standard and target stimuli as they used their encoding and executive function areas

for attentional purposes.
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Introduction:

Perception s the first stage of visual stimuli processing
in the brain. Early perception and cognitive functional
mechanisms can be biased during states of high
arousal and in response to threat-related stimuli, as
demonstrated in healthy subjects and also in patient
groups'*?. An event-related potential study showed
that patients with mild brain injury (MBI) have intact

auditory perception* and pregnant women have
reduced auditory perception in their mid trimesters>.
However, another study found that pregnant women
in their mid and third trimesters have enhanced
auditory perception®. The visual perception of
pregnant women has rarely been studied. Therefore,
it is important to find out the neural source of visual
perception in pregnant women as this information
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might help pregnant women manage their daily life
activities.

Various brain areas activate depending on the type of
stimuli. The primary visual cortex is activated more
by emotional stimuli’®®. A past study showed that
deviant stimuli are particularly effective at capturing
attention'. Meta-analysis data from functional
imaging studies'!' and an influential theoretical
model'? have proven that deviant stimuli are related
to both bottom-up and top-down stimuli processing.
Fronto-parietal networks—named the dorsal and
ventral attention networks—are activated by deviant
stimuli''?, The ventral attentional network is more
active than the dorsal attentional network in response
to deviant stimuli. This probably allows the body to
produce a suitable behavioural response when the
main task is a deviant one®. During the oddball task,
neural processing is engaged for object recognition
and visual object perception'*!3, In certain cases, parts
of the occipital area (visual cortex) are involved'®.
Di Russo et al. (2003) showed that visual perception
can be evoked as an early negative deflection of the
peak in 60-90 ms is levelled as C1 event-related
potential (ERP) component. These functional
processes are mainly reflected in the primary visual
cortex or Brodmann area 17'7. However, there is still
an argument among researchers about the neural
generator of the C1 component®!®,

To localize neural generators of brain activity,
source imaging can be done using a Geosource
tool with standardized low-resolution brain
electromagnetic tomography (SLORETA) using EEG
and ERP activities. Geosource can measure source
localization in the brain using the inverse technique
in Net station software. SLORETA is convenient as
it allows for the use of MRI images in the system
and helps avoid the expense of fMRI. It has a high
temporal resolution. Besides this, it was confirmed
that SLORETA is the number of combination of EEG
and fMRI"Y. SLORETA can standardize the current
density of the source equally from both superficial
and deep sources, which allows for accurate source
detection. Therefore, SLORETA is an effective tool
for detecting neural source localization during the
oddball paradigm in a fixed time course'.

In this study, we used SLORETA from the Geosource
tool in Net Station software to localize the source of
the visual C1 ERP component in pregnant women.

Method and Materials:

After receiving human ethical approval from the

ethical committee of Universiti Sains Malaysia
(USM) (USM/JEPEM/15090294), 36 participants
were recruited and divided between two groups:
a control group and a pregnant group (n=18 in
each group). All participants were matched for
age, education, number of children, and corrected
vision. Written informed consent was obtained from
all participants before the experiment. The ERP
experiment was done in the MEG and ERP study
laboratory at Hospital Universiti Sains Malaysia
(HUSM).

C1 ERP source localization procedure:

The experiment was conducted by using E-Prime
software to present visual oddball stimuli to the
participants, who had 128 ERP nets fitted on their
heads. Participants were seated in a dimly lit sound-
treated room, 80 c¢cm away from a 22-inch LCD
monitor on which standard (O) and target stimuli (X)
were presented. All ERP raw data were recorded, and
data were analysed using Net Station software. Data
were filtered in 0.03—30 Hz with a 250 Hz sampling
rate, segmented with -100-600 ms. Artefact removal
tools were used to correct and remove eye blinking,
eye movements, and body movement artefacts.
Baseline was corrected as -100 ms. Finally, all
baseline-corrected data were entered into the grand
average tool. We used grand average data for both
control and pregnant groups, obtained using the EGI
Geosource tool, to detect brain source localization
using sSLORETA. In this procedure, the source of
the C1 ERP component was selected as 77 ms after
stimuli, which is the within the timeframe of Cl1
component. It was displayed automatically, overlaid
on 3D MRI slices.

Results:

Grand average waveforms were shown in the butterfly
system in the control (Figure 1a) and pregnant (Figure
Ic) groups, where we marked the estimated time as
77 ms after stimulation to localize the source of the
C1 ERP component. The sagittal, coronal, and axial
MRI slices were presented separately for standard
(Figure 1b, 1d) and target (Figure 2a, b) stimuli in
both groups. Standard stimuli activated Brodmann
area 18, which is over the inferior occipital gyrus
in the occipital lobe, for the control group (Figure
1b). In the pregnant group, standard stimuli activated
Brodmann area 11, which is over the medial frontal
gyrus in the frontal lobe (Figure 1d). In the case of
target stimuli, we found that Brodmann areas 11
and 10 were activated in the control (Figure 2a) and
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Figure 1: Grand average ERP waveform in the butterfly system for the control group (a) and pregnant group (c).
Blue traces are standard, and red traces are indicated as target stimuli. C1 ERP component source localization
was shown in SLORETA images during standard stimuli in the visual oddball task, over time, 77 ms after
stimuli for control (b) and pregnant (d) groups. The brighter yellow colour indicates the activated source area.

pregnant (Figure 2b) groups, respectively. In this
case, Brodmann area 11 was in the rectal gyrus in the
frontal lobe, and 10 was in the medial frontal gyrus
in the frontal lobe.

Discussion:

We studied sLORETA source localization of the
visual C1 ERP component in pregnant women, which
is reflected as the source of perception. We found
that in the control group, standard stimuli activated
Brodmann area 18 in the inferior occipital gyrus in
the occipital lobe. Target stimuli activated area 11,
which is in the rectal gyrus in the frontal lobe. On the
other hand, in the pregnant group, standard stimuli
activated Brodmann area 11, which is the medial
frontal gyrus in the frontal lobe, and target stimuli
activated area 10 which is in medial frontal gyrus in
the frontal lobe.

There is controversial evidence about the source of
the C1 ERP component. It was suggested that the
C1 source is in Brodmann areas 17 (V1 or the striate
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cortex)?*21:22 18%, and 19%. Brain electrical source
analysis (BESA), including fMRI, revealed that the
source of the C1 component is in Brodmann area 17
when using circular checkerboards® and the black-
white checkerboards circle'’. In our study, women
in the control group received the visual perception
of standard stimuli in Brodmann area 18, which
indicated a visual association area or V2, and a part
of the occipital lobe. This result is consistent with
that of a study by Lesevre et al. (1982). Brodmann
area 11 activation means that the rectal gyrus in the
frontal lobe was activated more in controls when
their attention was directed toward deviant or target
stimuli. However, when we compared the activated
areas of pregnant women for standard and target
stimuli, we found that the areas were different.
Specifically, the frontal lobe was activated more for
both standard (area 11) and target stimuli (area 10).
Brodmann area 10 acts as a memory retrieval area
and executive function center?. However, Brodmann
area 11 may also encode new information into long-
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Figure 2: SLORETA images for C1 ERP component source localization during target stimuli in the control
(a) and pregnant (b) groups over 77 ms. The brighter yellow colour indicates an activated source area.

term memory®’. Considering this information*?’,
we can say that pregnant women responded to
standard stimuli using Brodmann area 11 and had
increased memory retrieval and executive function,
given that area 10 was activated in response to the
target stimuli. This might be due to the effects of
pregnancy hormones, which divert the source of
visual perception for pregnant women. Moreover,
target stimuli activation was in the frontal lobe for
both groups. This supports the idea that the ventral
attentional network is activated—for both groups—
in response to target stimuli'’. Therefore, this result
increases our understanding of the source of visual
perception in pregnant women.

Conclusion:

We investigated the source of visual perception
through the source localization of C1 ERP component
using sSLORETA in pregnant women. We concluded
that the source of the C1 ERP component was the

frontal lobe for pregnant women during both standard
and target stimuli as they used their encoding and
executive function areas for attentional purposes.

Conflict of interest: None.
Authorship Contribution

Data gathering and idea owner of this study:
Begum T.

Study design: Reza F, Begum T.

Data  gathering, writing and
manuscript: Raid F, Begum T, Reza F.

submitting

Editing and approval of final draft: Raid F, Begum
T, Reza F.

Acknowledgment

This study was supported by the Universiti
Sains Malaysia (USM) short-term grant (304/
PPSP/61313160) for TB.

401



Bangladesh Journal of Medical Science Vol. 22 No. 02 April’23

References

1.

10.

I1.

12.

13.

14.

402

Derryberry D, Reed MA. Anxiety-related attentional
biases and their regulation by attentional control.
J  AbnormPsychol ~ 2002;  111:225-236. DOI:
10.1037//0021-843x.111.2.225

Smith NK, Cacioppo JT, Larsen JT, Chartrand TL. May
I have your attention, please: electrocortical responses to
positive and negative stimuli. Neuropsychologia 2003;
41:171--183. DOI: 10.1016/s0028-3932(02)00147-1
Bishop S, Duncan J, Brett M, Lawrence AD. Prefrontal
cortical function and anxiety: controlling attention to
threat-related stimuli. Nat Neurosci 2004; 7:184-188.
DOLI: 10.1038/nn1173

Reza F & Begum T. Mild cognitive impairment in mild
brain injury (MBI) patients: An event related potential
(ERP) and neuropsychology study. Bangladesh Journal
of Medical Science 2019; 18(3), 557-566. https://doi.
0rg/10.3329/bjms.v18i3.41626

Begum T, Reza F, Wan R, Wan NA. Mild auditory
cognitive impairment in mid trimester pregnancy. Merit
Research Journal of Medicine and Medical Sciences
2016; 4: 260-265.

AliA,Begum T, Reza F, Rosli WRW, Mohamad W. Neuro
Cognitive Improvement during Pregnancy: An Auditory
Event Related Potential (ERP) and Neuropsychological
Study. J NeurolNeurosci 2018; 9 (2), 254:1-8. DOI:
10.21767/2171-6625.1000254

Bradley MM, Sabatinelli D, Lang PJ, Fitzsimmons
JR, King W, Desai P. Activation of the visual cortex in
motivated attention. BehavNeurosci 2003; 117:369--
380. DOI: 10.1037/0735-7044.117.2.369

Pourtois G, Grandjean D, Sander D, Vuilleumier P.
Electrophysiological correlates of rapid spatial orienting
towards fearful faces. Cereb Cortex 2004; 14:619--633.
DOI: 10.1093/cercor/bhh023

Sabatinelli D, Flaisch T, Bradley MM, Fitzsimmons JR,
Lang PJ. Affective picture perception: gender differences
in visual cortex? Neuroreport 2004; 15:1109-1112. DOI:
10.1097/00001756-200405190-00005

Watkins S, Dalton P, Lavie N, Rees G. Brain mechanisms
mediating auditory attentional capture in humans. Cereb
Cortex 2007; 17:1694-700. DOI: 10.1093/cercor/bhl080
Kim H. Involvement of the dorsal and ventral attention
networks in oddball stimulus processing: a meta-
analysis. Hum Brain Mapp. 2014; 35:2265-84. DOI:
10.1002/hbm.22326

Corbetta M, Shulman GL. Control of goal-directed and
stimulus-driven attention in the brain. Nat Rev Neurosci
2002; 3:215-29. DOI: 10.1038/nrn755

Palaniyappan L, Liddle PF. Does the salience network
play a cardinal role in psychosis? An emerging
hypothesis of insular dysfunction. J Psychiatry Neurosci
2012; 37:17-27. DOI: 10.1503/jpn.100176
Grill-Spector K, Kushnir T, Edelman S, Avidan G,
Itzchak Y, Malach R. Differential processing of objects
under various viewing conditions in the human lateral

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

occipital complex. Neuron 1999; 24:187-203. DOI:
10.1016/s0896-6273(00)80832-6

. Grill-Spector K, Kourtzi Z, Kanwisher N. The lateral

occipital complex and its role in object recognition.
Vis Res 2001; 41:1409-22. DOI: 10.1016/s0042-
6989(01)00073-6

McDonald JJ, Stormer VS, Martinez A, Feng W,
Hillyard SA. Salient sounds activate human visual
cortex automatically. J Neurosci 2013; 33:9194-201.
doi: 10.1523/INEUROSCI.5902-12.2013

Di Russo, F., Martinez, A., & Hillyard, S. A. Source
analysis of event-related cortical activity during visuo-
spatial attention. Cerebral Cortex 2003; 13: 486-499.
DOI: 10.1093/cercor/13.5.486

Di Russo F, Martinez A, Sereno MI, Pitzalis S, Hillyard
SA. Cortical sources of the early components of the
visual evoked potential. Hum Brain Mapp 2002; 15:95-
111. DOI: 10.1002/hbm.10010

Vitacco D, Brandeis D, Pascual-Marqui R, Martin E.
Correspondence of event-related potential tomography
and functional magnetic resonance imaging during
language processing. Hum Brain Mapp2002;17:4—12.
https://doi.org/10.1002/hbm.10038

Jeffreys DA &Axford JG. Source locations of pattern-
specific components of human visual evoked potentials.
I. Component of striate cortical origin. Exp Brain Res
1972; 16:1-21. https://doi.org/10.1007/BF00233371
Mangun GR, Hillyard SA & Luck SJ. Electrocortical
substrates of visual selective attention. In D. Meyer & S.
Kornblum (Eds.), Attention and Performance XIV 1993;
(pp- 219-243). Cambridge, Massachusetts: MIT Press.
Parker DM, Salzen EA & Lishman JR. The early
wave of the visual evoked potential to sinusoidal
gratings: Responses to quadrant stimulation as a
function of spatial frequency. Electorencephology and
Clinical Neuropsychology 1982; 53: 427-435. DOI:
10.1016/0013-4694(82)90007-4

Lesevre N. Chronotopographical analysis of the human
evoked potential in relation to the visual field (data from
normal individuals and hemianopic patients). Annals of
the New York Academy of Sciences 1982; 388: 156-182.
Maier J, Dagnelie G, Spekrijse H & van Dijk BW.
Principal components analysis for source localization
of VEPs in man. Vision Research 1987; 27: 165-177.
https://doi.org/10.1016/0042-6989(87)90179-9

Clark VP, Fan S, Hillyard SA. Identification of early
visual evoked potential generators by retinotopic and
topographic analyses. Human Brain Mapping 1995;
2:170-187. https://doi.org/10.1002/hbm.460020306
Brodmann K, Gary LJ. Brodmann’s localization in the
cerebral cortex. New York: Springer; 2006.

Frey S and Petrides M. Orbitofrontal cortex: A key
prefrontal region for encoding information. PNAS
2000; 97 (15): 8723-8727. https://doi.org/10.1073/
pnas.140543497.



https://doi.org/10.3329/bjms.v18i3.41626
https://doi.org/10.3329/bjms.v18i3.41626
https://en.wikipedia.org/wiki/MIT_Press
https://doi.org/10.1073/pnas.140543497
https://doi.org/10.1073/pnas.140543497

