
IEEE ENGINEERING IN MEDICINE AND BIOLOGY SOCIETY SECTION

Received March 6, 2021, accepted March 31, 2021, date of publication April 8, 2021, date of current version April 16, 2021.

Digital Object Identifier 10.1109/ACCESS.2021.3071961

Monitoring Neuronal Dynamics in the Ventral
Tegmental Area Using an Implantable
Microimaging Device With Microdialysis System
YOSHINORI SUNAGA 1, YASUMI OHTA2, TAKAAKI E MURAKAMI 2,
YASEMIN M. AKAY1, (Senior Member, IEEE), JUN OHTA 2, (Fellow, IEEE),
AND METIN AKAY 1, (Fellow, IEEE)
1Biomedical Engineering Department, University of Houston, Houston, TX 77204, USA
2Division of Materials Science, Graduate School of Science and Technology, Nara Institute of Science and Technology, Ikoma 6300101, Japan

Corresponding author: Metin Akay (makay@uh.edu)

This work was supported in part by the University of Houston, in part by the Japan Science and Technology Agency (JST), Core
Research for the Evolutionary Science and Technology (CREST), Japan, under Grant JPMJCR1651, and in part by the Japan
Society for the Promotion of Science (JSPS) Grants-in-Aid for Scientific Research (KAKENHI), Japan, under Grant JP18H03780.

ABSTRACT To monitor dopamine neural activities in the ventral tegmental area (VTA) in response to
nicotine, we designed a dopamine platform based on a microimaging device and a microdialysis system.
We measured dopamine (DA) release in the prefrontal cortex (PFC) and the nucleus accumbens (NAc) by
a micro dialysis system and monitored DA neurons activities by fluorescence imaging in the VTA using a
microimaging device simultaneously. GCaMP6 transgenic mice were used in this study, and the change in
the fluorescence ratio intensity associated with nicotine administration was estimated. Our results suggested
that nicotine administration increased the DA neurons activity in the VTA as well as the DA release in the
PFC and the NAc. The proposed platform has the potential to monitor neural activities in the deep brain
regions of rodents.

INDEX TERMS Nicotine, dopamine, VTA, implantable imaging device, fluorescence imaging, GCaMP,
microdialysis, PFC, NAc.

I. INTRODUCTION
Dopamine (DA) is a neurotransmitter which plays critical
roles in pleasure, motivation, and learning. Excitation of
DA neurons in the ventral tegmental area (VTA) leads to
DA release in the nucleus accumbens (NAc), prefrontal cor-
tex (PFC), amygdala and hippocampus [1]–[3]. Especially,
DA neurons in the VTA have a strong connection to the NAc
and the PFC for DA release (Fig. 1). Although this connec-
tion has been well established, quantifying the simultaneous
dynamics of the DA neural network and activities within
multiple regions, including regions in deep brain such as the
VTA and the NAc, has been challenging. To overcome this
challenge, several measurement systems have been devel-
oped including the combination of a microdialysis system
and positron emission tomography (PET) technology [4].
DA release in the PFC was quantified using a microdial-
ysis probe while brain activities by PET were monitored.

The associate editor coordinating the review of this manuscript and
approving it for publication was Henry Hess.

This approach enabled simultaneous measurements of brain
activities via imaging with biochemistry methods. However,
PET technology is inadequate to monitor neural-level activ-
ity due to limitation of time and special resolution. Flu-
orescence imaging is one of the most promising methods
to observe neural-level activity. By combining fluorescence
imaging technology and optical markers such as Green flu-
orescence protein (GFP), targeted neural activity can be
observed through fluorescence reactions. To access the deep
brain area for fluorescence imaging, an optical fiber bundle
or fluorescence microscope with a Gradient-Index (GRIN)
lens are commonly used [5]–[9]. However, the small size
of the rodent brain still poses many challenges. Therefore,
new technologies utilizing optical fiber systems have been
developed to observe rodent brain activity. These technolo-
gies combine high-quality images with conventional optical
microscopy. However, to study larger portions of the brain,
a wide-range optical fiber platform is required. The image
size depends on the optical fiber diameter, which is correlated
to the invasiveness. Subsequently, it is difficult to gain large
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FIGURE 1. Schematic of midsagittal cross section of mouse brain. The
Prefrontal Cortex (PFC) and the Nucleus Accumbens (NAc) are influenced
by Dopamine (DA) neural activity in the Ventral Tegmental Area (VTA).

images that cover a significant part of the brain usingmethods
an optical fiber approach. In addition, an optical fiber is
rather rigid compared to an electrical wire, and may hinder
the use of it to record neural activities from freely moving
animals [10]–[13].

The combination of an ultra-small fluorescence micro-
scope and a GRIN lens with electrical cables was proposed
as a method to obtain larger views with higher spatial res-
olution on the micrometer scale while not hinder rodent
behavior [9], [14]. However, this system weighs∼2 g, which
is ∼10% the weight of an average mouse. Additionally,
the typical dimensions of a probe using this technology is
8.8 mm × 15 mm × 22 mm, making it difficult to combine
with microdialysis systems to monitor neural activity and
simultaneous DA release. Furthermore, these methods only
allow us to observe reactions along the horizontal plane.

To solve these problems, we have proposed and developed
a novel microimaging [15], [16] and dialysis platform. The
imaging device consists of a small Complementary Metal
Oxide Semiconductor (CMOS) image sensor, micro-LEDs
and a fluorescence filter on a flexible printed circuit (FPC)
substrate. This small device is lightweight and can be
implanted in conjunction with a micro dialysis system within
the deep brain region such as the VTA of rodents with min-
imal invasiveness. Using this novel platform, both the DA
neural activity of the VTA and the DA release in the NAc
and PFC can be measured simultaneously to investigate the
mechanism of the DA neural network in the brain.

In this study, we improved our previously reported
implantable imaging device by using two LEDs and intro-
ducing a light-shield material. This light-shield was placed
between a sensor chip and the LEDs to reduce the influence
of the LED excitation light. Our new platform consists of an
implantable microdialysis and fluorescence imaging system
to measure brain activity related with DA network as shown
in Fig. 2.

II. METHODS
A. IMPLANTABLE IMAGING DEVICE
In this study, we improved previously reported microimaging
device to observe rodent brain activity under freely mov-

FIGURE 2. Concept of microimaging and microdialysis system. (Left)
Photograph of the microdialysis probe. Scale bar is 1 cm. (Center)
Photograph of a mouse after surgery to implant the probe and the
imaging device. The devices were fixed using dental cement and painted
black. (Right) Photograph of the implantable microimaging device. Scale
bar is 5 mm.

ing conditions using optical imaging methods, fluorescence
imaging and blood flow imaging based on CMOS image sen-
sor technology [15]–[21]. We have designed scalable image
sensors which are dependent upon the measurement’s targets
or areas. To perform fluorescence imaging, we integrated two
LEDs and an optical filter with the CMOS image sensor on
a flexible printed circuit (Taiyo Industrial Co., Japan). The
whole device was coated with Parylene-C to add biocompat-
ibility and water protection. The implantable imaging device
can be driven by only 6 wires and did not restrict animal
behavior.

The microimaging sensors for deep brain measurements
were designed using the standard CMOS process (0.35-µm,
2-poly-4 metal CMOS; TSMC, Taiwan). The pixel size is
7.5 × 7.5 µm and we used 40 × 90 pixels (0.3 × 0.675 mm)
during image acquisition. In our previous in vitro experimen-
tal study, we determined the actual spatial resolution of the
microimaging device is 22.3± 0.5 µm [17]. Although it may
not be sufficient to observe the activities of individual neu-
rons, this imaging sensor can provide very useful information
about the dynamics of synchronizing neural activities from
multiple neurons in the region of interest.

We utilized two LEDs (EPISTAR Corp., Taiwan) on upper
and lower positions of the image sensor as excitation light
sources. The dimensions of the LEDs are 305 × 280 µm
and the central emission wavelength is 473 nm. In this study,
we introduced two LEDs to provide uniform excitation light
to the brain to gather higher quality images. Our preliminary
data determined that the rise of the LEDs’ temperature was
less than 1.2◦C.
We also integrated a custom flat and thinner fluorescence

filter from a yellow dye (Valifast yellow 3150 (Orient Chem-
ical, Japan)), cyclopentanone (FUJIFILM Wako Pure Chem-
ical Corporation, Japan), and the resin (NOA63, Norland
Products, USA). The custom-made filter was implemented
on the image sensor surface.

In this study, we introduced a light-shield resist on side-
surface of the image sensor to reduce leakage of excita-
tion light from LEDs. A light-shield resist was consisted
by mix solutions of red, blue and green resists (SR-3000L,
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FIGURE 3. Fabrication process of a typical implantable imaging device.
(A) The fluorescence filter was coated on the platform and cut to size of
the image sensor. (B) The fluorescence filter was fixed onto the surface of
the image sensor. The image sensor was fixed to the fluorescence filter
and two LEDs on a flexible substrate (FPC). Light-shield resist was used to
cover side surface of the image sensor and connected to the FPC,
the image sensor and LEDs by wires. (C) The I/O pads and wires were
covered by epoxy resin for protection. The whole device was coated with
Parylene-C for biocompatibility.

SB-3000L, SG-3000L, Fujifilm Electronic Materials CO.,
LTD, Japan) at a weight ratio of 1:1:1. The light-shield resist
was hard-cured by heating to 120◦C for 10 minutes. After the
light-shield resist was hard-cured, all wires and I/O pads were
covered by epoxy resin. At the end of the process, the whole
device was covered with the Parylene. The thickness of the
Parylene was approximately 3.1 µm, did not affect the flexi-
bility. The fabrication of the imaging device process including
light-shield resist is shown in Fig. 3(A)-(C).

B. GCaMP FLUORECENCE IMAGING
To monitor calcium signals associated with nicotine admin-
istration in DA neurons of the VTA, we used GCaMP6 trans-
genic mice. The implantable device was implanted in the
VTA. Excitation light (473 nm) from the LEDs was used
to stimulate DA neurons and GCaMP fluorescence emission
was captured by a CMOS image sensor coated with a yellow
fluorescence filter. This device enabled the observation of the
vertical plane of the brain, which has been historically diffi-
cult to achieve with conventional methods. We obtained data
from the mice brains before and after nicotine ((−)-Nicotine,
Sigma-Aldrich, USA) solution administration (0.25 mg/kg)
via intraperitoneal (IP) injection. Similar observations were
made for the other animals in our study (n = 2 for the PFC,
n = 1 for the NAc). We used the data collected prior to
the nicotine administration as the control. Data was obtained
using a collection rate of 10 fps from the freely moving
animals. Light intensity of the LED was controlled by a
current generator.

C. MICRODIALYSIS SYSTEM AND MEASAUREMENT
To measure DA release in the PFC or NAc associated with
nicotine intake, we used a microdialysis system. A single
microdialysis probe (EICOM, Japan) was implanted into the
PFC or the NAc of the mice and connected to a microdialysis
device via a micro-injection tube using Ringer’s solution. The
microdialysis probe was perfused at 1 µl/min and gathered

FIGURE 4. Schematic of DA network monitoring system. The microdialysis
system and imaging system were driven separately. The microdialysis
system was driven by a microinjector and used HPLC-ECD for
measurements and analysis, and a computer controlled the HPLC-ECD.
The imaging system was driven by a dedicated control board for the
image sensor, a current generator for LEDs and a computer for driving the
control board.

15 µl for per samples to obtain 10 µl solution for analysis.
Six to eight samples were collected while the animal became
stable and were used to determine baseline DA release
before nicotine administration. Samples were analyzed using
high performance liquid chromatography - electrochemical
detection (HPLC-ECD) (EICOM) as described in Method
section G.

D. DA NETWORK MONITORING SYSTEM
Compared to ultra-small fluorescent microscopy that can
be mounted on a rodent head [9]–[12] and a microdialysis
probe, our smaller and lighter implantable device is advanta-
geous for experiments with multiple platforms. In this study,
we combined our mountable imaging system and a traditional
microdialysis system to simultaneously monitor DA network
from two brain areas. We observed fluorescence activity in
the VTA by our imaging system while also measuring DA
release in the PFC or the NAc. The imaging system and
the microdialysis system were driven separately as described
in Fig. 4. Both the imaging device and themicrodialysis probe
were fixed together. Wires for the imaging system and tubes
for the microdialysis system were only connected during
experiments.

E. ANIMAL TREATMENT
All experiments were performed in accordance with the pro-
tocols approved by the Nara Institute of Science and Tech-
nology (NAIST). Adult FVB-Tg (Thy1-GCaMP6)5Shi mice
(Riken BRC) (n = 3) were maintained on a 12-h light/12-h
dark schedule. Access to standard food and water was ad
libitum. Animals were mounted in a stereotaxic apparatus
(Narishige, Japan) during surgery.

F. SURGERY
In this study, to monitor calcium signals in DA neurons of
the VTA, we used transgenic GCaMP6 mice. All animals
were anesthetized with Avertin during surgery to implant the
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imaging device and the microdialysis probe. The probe and
the device were implanted through a small burr hole made
above the NAc (anteroposterior (AP)= 1.4 mm, mediolateral
(ML)=±0.5 mm) or PFC (AP= 1.94mm,ML = ±0.3 mm)
and VTA (AP = −3.6 mm, ML = ±0.4 mm) using a micro-
drill and a manipulator. A guide cannula of the microdial-
ysis probe was implanted in the PFC (dorsoventral (DV) =
0.25 mm from brain surface), and NAc (DV = 3.3 mm from
brain surface), and the imaging device was implanted into
the VTA (DV = 4.7 mm from brain surface). The guide
cannula and the imaging device were sealed and closed using
dental cement (Super Bond C&B, Sun Medical Co., LTD.,
Japan). The dental cement was painted black to eliminate the
influence of light leakage from room light to the implantable
imaging device.

G. HPLC ANALYSIS
Tomeasure and analyze DA release from the PFC or the NAc,
we used a HPLC-ECD.Microdialysis samples were collected
every 15 minutes since at least 10 to 15 minutes are needed to
get enough detectable DA releases. 10 µl from each sample
were immediately injected into the HPLC-ECD to quantify
DA release. After the experiments, we calculated baseline
DA release by averaging the DA release amount of at least
two samples gathered before nicotine administration. Then,
we normalized DA release of all the samples based on the
baseline.

H. IMAGING ANALYSIS
While conducting imaging experiments, data was acquired
using a custom-made control system. The obtained images
were gathered and shown by using a custom program in
Visual Studio (Microsoft). The control board converted
analog signals from the image sensor to 14-bit digital
signals.

The fluorescence difference (1F) was defined as the dif-
ference between F and F0. F0 was the average fluorescence
intensity within the region of interest (ROI, 9 × 9 pixels,
67.5 µm× 67.5 µm) in the reference image collected at time
zero (t = 0) (i.e., immediately before nicotine administra-
tion). F was the average value of the same ROI after nico-
tine administration. The fluorescence ratio was calculated as
1F/F0 (Eq.1). Fig. 5(D) and Fig. 6(D) indicated 1F/F0 by
using pseudo color. The values in Fig. 5(D) and Fig. 6(D)
indicated the fluorescence ratio (%), 1F/F0, of the ROI.

1F
F0
=
F − F0
F0

(Eq.1)

The fluorescence intensity is related to the activity of DA neu-
rons in the VTA, and not directly related with concentration
of DA release in the NAc and the PFC. We have evaluated
fluorescence detection performance by using fluorescein-4-
isothiocyanate (FITC-I) solutions by dissolving FITC-I in
a standard turbidity solution with our previous device as
detailed in [19].

FIGURE 5. DA release measurement in the PFC and GCaMP fluorescence
imaging in the VTA associated with 0.25 mg/kg nicotine administration.
Nicotine was introduced by IP injection. (A) Schematic of the probe in the
PFC and the imaging device was in the VTA. (B) Percentage DA release
amount compared with baseline. Control (baseline) was estimated by DA
release amount measured before nicotine administration.
(C) Representative time-lapse fluorescence images of every 5 minutes of
the mouse’s VTA. (D) The fluorescence ratio of the ROI (9 × 9 pixels,
67.5 µm ×67.5 µm) and whole images, 1F/ F0 (%), increased following
nicotine administration.

I. IMPLANTATION SITE CONFIRMATION
In order to confirm the position of the device and the appear-
ance of GCaMP fluorescence, we obtained brain slices after
the experiments using a LinearSlicer PRO7 (DOSAKA EM
CO.,LTD, Japan). The slices were fixed overnight using 4%
paraformaldehyde (PFA, FUJIFILM Wako Pure Chemical
Co.) before image acquisition.

J. STATISTICAL ANALYSIS
Repeated measures analysis of variance (ANOVA) was used
to identify statistically significant differences in fluorescence
ratios at each time point. A p-value < 0.05 was considered
significant. Data is represented as mean ± standard error.

III. RESULTS
A. GCaMP6 IMAGING OF DA NEURON AND
MEASUREMENT OF DA RELEASE WITH NICOTINE INTAKE
The relationship between DA neuron activity in the VTA and
DA release in the PFC or the NAc has been investigated by
several groups using several methods including electrophysi-
ology, imaging, and microdialysis [1], [2], [5], [22]. To inves-
tigate the DA network system at the neural level, we moni-
tored DA neuron activity in the VTA using the implantable
imaging device and simultaneously measured DA release in
the PFC or the NAc by the microdialysis system. We focused

55874 VOLUME 9, 2021



Y. Sunaga et al.: Monitoring Neuronal Dynamics in VTA Using Implantable Microimaging Device

FIGURE 6. DA release measurement in the NAc and GCaMP fluorescence
imaging in the VTA associated with 0.25 mg/kg nicotine administration.
Nicotine was introduced by IP injection. (A) Schematic of the probe and
the imaging device position. The probe was in the NAc and the imaging
device was in the VTA. (B) Percentage DA release amount compared with
baseline. Control (baseline) was estimated by DA release amount
measured before nicotine administration. (C) Representative time-lapse
fluorescence images of every 5 minutes of the mouse’s VTA. (D) The
fluorescence ratio of the ROI (9 × 9 pixels, 67.5 µm ×67.5 µm) and whole
images, 1F/ F0 (%), increased following nicotine administration.

on the interaction of the fluorescence difference (1F) and the
amount of DA release (% Baseline) to the amount of nicotine
intake.

For the first experiment, we monitored the changes in the
fluorescence intensity in the VTA and measured the amount
of DA release in the PFC over 60 minutes as shown in
Fig 5(A). We show fluorescence intensity in the VTA and DA
release in the PFC increased after nicotine administration.
In the microdialysis experiment, we measured DA release
in the PFC to determine baseline DA (i.e., before nicotine
administration). After the animal became stable, we injected
nicotine IP to the mouse and gathered microdialysis samples
every 15 minutes. Fig. 5(B) shows the percentage of DA
release compared to baseline. Release of DA in the PFC
increased over the first 30 minutes and slightly decreased
after 30 minutes and continued to 60 minutes. These results
are similar to previous studies [23].

We estimated the average fluorescence ratio (1F/F0 (%))
over 1 minute in a ROI to represent parts of whole images
areas shown in Fig. 5(C, D). The ROI consisted of 9 ×
9 pixels (67.5 µm × 67.5 µm) and was selected due to high
fluorescent intensity area. Fig. 5(C, D) representative images
collected every 5 minutes and the 1F/F0(%) of the ROI.
1F/F0 was also increased after the nicotine administration
during the first 15 minutes and gradually decreased after

FIGURE 7. Representative images of a mouse coronal brain slice that was
prepared after the imaging and the microdialysis experiments. (A) Bright
field image of the VTA. The imaging device position is framed by while dot
line. (B) Fluorescence image of a brain slice. The GCaMP expression is
circled with red solid line and the location of our device is marked as a
white dot line. Scale bar is 0.1 mm.

15 minutes, consistent with a previous study which used
0.30 mg/kg nicotine to excite DA release [23].

We next monitored the changes in the fluorescence inten-
sity within the VTA and measured the amount of DA release
in the NAc from a different animal over 60 minutes as shown
in Fig. 6(A). DA release in the PFCwas quantified at baseline
and after the acute nicotine dose experiment. Samples were
gathered over the same conditions as described above and are
shown in the Fig. 6(B).
1F/F0 (%) was also measured and estimated every

1 minute in a ROI to represent parts of whole images areas
shown in Fig. 6(C, D). The 1F/F0 increased during the first
10 minutes and slightly decreased afterwards. These findings
are consistent with a previous study which used 0.30 mg/kg
nicotine to excite DA release [23].

These results provide valuable evidence that GCaMP flu-
orescence imaging and microdialysis measurements can be
conducted simultaneously using our novel implantable imag-
ing system and a microdialysis system.

B. THE POSITION OF IMPLANTED DEVICE AND GCaMP
PRESENCE IN THE VTA
GCaMP expressions were observed in VTA using our
implantable microimaging device as illustrated in Fig. 5(C)
and Fig. 6(C). To verify the fluorescence reaction measured
was produced by GCaMP expression in the VTA, we con-
firmed the position of the device and the presence of GCaMP.
Fig. 7(A) and (B) show the bright field and fluorescence
images of a coronal brain slice from a GCaMP mouse. The
photographs show a small scar made by the implantable
imaging device, and GCaMP expressions is denoted by red
circle. Combined, these results suggest that the device was
implanted within the VTA.

IV. DISCUSSION
Nicotine is deeply related with DA neural activities in the
VTA and increased DA release in the PFC and the NAc. This
is a complex neural network system involved in drug reward
and addiction [24]–[29]. Additionally, the neural network
system has not been fully understood due to difficulty of
monitoring brain activities in several areas simultaneously.

VOLUME 9, 2021 55875



Y. Sunaga et al.: Monitoring Neuronal Dynamics in VTA Using Implantable Microimaging Device

In this study, we investigated DA neurons in the VTA and
DA release in the PFC or the NAc in response to nicotine
exposure. Our goal was to monitor the DA neural network
system by combining an implantable microimaging device
and a traditional microdialysis system. We used transgenic
GCaMP mice to observe neural activities via fluorescence
and our implantable microimaging device and recorded the
fluorescence reaction associated with nicotine intake. Fluo-
rescence intensity within the VTA increased during the first
10 minutes following exposure and gradually decreased after
15 minutes following nicotine exposure.

According to these results, maximum 1F/F0 was 5.1%
when 0.25 mg/kg of nicotine was administered. However,
this result was lower than what has been reported in the
literature [13]. Wei et al., showed that at the high dose
of nicotine the production of GCaMP increased approxi-
mately 55% [13]. The lower results in our study could be
due to the higher background intensity [13] and type of
transgenic mice. In fluorescence microscopy, 1F is calcu-
lated by considering only the fluorescence ratio intensities
since the background value is close to 0 (Eq.1). However,
the background value (B) of the implantable microimaging
device cannot be considered 0 because of the excitation light
leakage. Then, 1F/F0 for implantable microimaging device
can be calculated using Eq. 2(A) and (B). F′ and F0 indi-
cated unmeasured fluorescence intensity by the implantable
microimaging device. Therefore, it is possible that 1F/F0 of
the implantable microimaging device resulted in a decreased
intensity rate in GCaMP compared to the results from Wei
et al. [13].

F = F ′ + B, F0 = F ′0 + B (Eq. 2(A))

1F
F0
=

(
F ′ + B

)
−

(
F ′0 + B

)
F ′0 + B

=
F ′ − F ′0
F ′0 + B

(Eq. 2(B))

Additionally, we used GCaMP transgenic mice to observe
DA neural activities, however, these animals were not specific
transgenic mice for targeting DA neurons. GCaMP expres-
sion can be lower than specific models such as the animals
used in Wei et al. Due to the transgenic animal model, both
DA neurons and GABA neurons had GCaMP. Therefore,
although we believe the fluorescence imaging data included
the response from GABA neurons, previous studies have
shown that nicotine acts predominantly on DA neurons com-
pared with GABA neurons [29]. To address this problem,
future studies will introduce Dopamine Transporter (DAT)
Cre animals. The DAT-Cre model expresses Cre-recombinase
under the control of the endogenous DA transporter promoter,
enabling specific expression in DA neurons. Furthermore,
we will investigate only DA neural activity by combining
GCaMP fluorescence and DAT-Cre animals with several
nicotine doses.

We used a traditional microdialysis system to measure DA
release associated with nicotine in the PFC and the NAc.
DA release increased after nicotine administration in the both
areas. DA release intake in both areas gradually increased and

reached a maximum during the first 30 minutes following
nicotine. 30 minutes after nicotine intake, DA release began
to decrease, but was still higher than baseline. These results
were similar to previous studies using microdialysis experi-
ments in the PFC and the NAc following nicotine administra-
tion. In Fig. 5(B), the highest DA release occurred just after
highest GCaMP fluorescence reaction. This result could be in
part due to nicotine intake which excited DA neurons in the
VTA, which subsequently induced DA release in the PFC.
DA release began to decrease shortly after the fluorescence
reactions began to diminish as well. Fluorescence intensity
of the ROI decreased much faster in the NAc than the PFC.
However, DA release also correlated to fluorescence reactions
in the VTA.

V. SUMMARY
In this study, we demonstrated that GCaMP fluorescence in
the VTA and DA release in the PFC and NAc is associated
with nicotine intake can be measured simultaneously by a
novel platform that combines an implantable microimaging
device and a microdialysis probe. We used GCaMP trans-
genic mice and a dedicated fluorescence imaging systemwith
a traditional microdialysis system to monitor neural activities
within the VTA, PFC and NAc. GCaMP fluorescence and
DA release reactions related to nicotine intake were mea-
sured simultaneously. The methods introduced in this study
will be used to investigate the neural network including the
VTA, PFC and NAc in future studies to further quantify DA
dynamics.
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