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Curcumin mitigates memory deficits or improves memory when it is chronically administered to animals. Due to
limited bioavailability of curcumin, it remains almost unknown whether acutely treated curcumin influences
cognitive function and underlying neural activity. To address this question, we monitored behavior and neural
activity in the hippocampus and medial prefrontal cortex of mice treated with vehicle or curcumin while they
were engaged in a novel object recognition task. Object recognition memory performance in the novel object

recognition task was increased in curcumin-treated mice. Moreover, delta oscillations in the hippocampus were
enhanced in the curcumin-administered mice in the test trial. Altogether, acute curcumin treatment boosts delta
oscillations for memory recognition possibly by neuromodulation.

1. Introduction

Curcumin (diferuloylmethane), a non-toxic polyphenolic derivative
from Curcuma longa, is used as an active ingredient in dietary spice
turmeric. Traditionally, curcumin has also been treated as the herbal
remedy that exhibits antioxidant, anti-inflammatory, and neuro-
protective activities because it functions as a free radical scavenger and
hydrogen donor.' Due to its neuroprotective effects, curcumin miti-
gates memory deficits in transgenic mice™® as well as wild-type adult
mice, caused by senescence,” ° drugs,x’12 inflammation,'® and
high-fat/sugar diet.'* Even in young mice, curcumin treatment ame-
liorates memory performance.'® However, curcumin has been admin-
istered to mice chronically for weeks and months in all these previous
studies probably because the neuroprotective effects brought by anti-
oxidant activity of curcumin undergo a relatively slow process. In
contrast, curcumin increases the concentration of monoamines such as
serotonin, noradrenaline, and dopamine by suppressing monoamine
oxidase activity in the mouse brain.'® These monoamines regulate
memory to some extent'’'%; thus, curcumin has the potential to facili-
tate or suppress cognitive function by modulating neural activity.

Another aspect of curcumin is low bioavailability. A large amount of

ingested curcumin undergoes glucuronidation, sulfoconjugation, and
hydroxylation in the intestine and liver for excretion’®?!; thus, a tiny
amount of free lipophilic curcumin circulates in the body and crosses the
blood-brain barrier into the brain. In this light, we hypothesized that
when relatively high dose of curcumin was orally administered, the
effective amount of free curcumin was distributed in the brain and affect
cognitive function by modulating the monoamine concentration.

To test this hypothesis, we implanted electrodes into the hippo-
campus and medial prefrontal cortex in mice and acutely administered
curcumin to them. We then recorded local field potentials (LFPs) in the
mice engaged in a novel object recognition task and assessed the effect of
acute curcumin treatment on the performance of object recognition
memory in terms of oscillatory activity in the brain.

2. Materials and methods
Ethical approval
Animal experiments were performed with the approval of the Animal

Experiment Ethics Committee at the University of Tokyo (approval
numbers: P4-6, P4-7) and according to the University of Tokyo
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guidelines for the care and use of laboratory animals. These experi-
mental protocols were carried out in accordance with the Fundamental
Guidelines for the Proper Conduct of Animal Experiments and Related
Activities in Academic Research Institutions (Ministry of Education,
Culture, Sports, Science and Technology, Notice No. 71 of 2006), the
Standards for Breeding and Housing of and Pain Alleviation for Exper-
imental Animals (Ministry of the Environment, Notice No. 88 of 2006)
and the Guidelines on the Method of Animal Disposal (Prime Minister’s
Office, Notice No. 40 of 1995). All efforts were made to minimize animal
suffering.

2.1. Animals

A total of five 8- to 10-week-old male ICR mice (Japan SLC, Japan)
weighing 36-45 g were housed in groups under conditions of controlled
temperature and humidity (22 + 1 °C, 55 + 5 %) and maintained on a
12:12-h light/dark cycle (lights off from 8:00 a.m. to 8:00 p.m.) with ad
libitum access to food and water. Mice were acclimated to an experi-
menter via daily handling for at least 3 days before experiments.

2.2. Drug

Curcumin (036-04922, FUJIFILM Wako, Japan) was dissolved in
corn oil at a concentration of 1 mg/ml immediately before use. Pure corn
oil was used as the vehicle control solution.

2.3. Surgery

A recording interface assembly was prepared as previously
described.?”?® In short, the assembly was composed of an electrical
interface board (EIB) (EIB-36-PTB, Neuralynx, USA) and shell and core
bodies custom-made by a 3-D printer. The EIB had a sequence of metal
holes for connections with wire electrodes. A given individual hole was
conductively connected with one end of the insulated wire (~5 cm)
using attachment pins, whereas the opposite end was soldered to a
corresponding individual electrode during surgery.

The basic procedure of the stereotaxic surgery was conducted in
accordance with our previous literature.”> *° General anesthesia was
induced and maintained with 2-3 % and 1-2 % isoflurane gas, respec-
tively, with careful inspection of the animal’s condition during the
whole surgical procedure. Veterinary ointment was applied to the
mouse’s eyes to prevent drying. The skin was sterilized with 70 %
ethanol whenever an incision was made.

After complete anesthesia was confirmed, a mouse was laid on its
stomach and mounted onto a stereotaxic apparatus (SR-6M-HT, Nar-
ishige, Japan).?” The scalp was then removed with a surgical knife.
Circular craniotomies with a diameter of approximately 1.0 mm were
performed using a high-speed dental drill (SD-102, Narishige). Pene-
trative nichrome wires (762000, A-M Systems, USA) were stereotaxi-
cally implanted unilaterally into the prefrontal cortex (1.5 mm anterior
and 0.5 mm lateral to bregma) and dorsal hippocampus (2.0 mm pos-
terior and 2.0 mm lateral to bregma) to record LFPs. Two stainless-steel
screws were additionally implanted into the bone above the cerebellum
(6.0 mm posterior and 1.0 mm bilateral to bregma) as ground and
reference electrodes. Each of the open edges of ground and reference
electrodes was soldered to the corresponding open edge of insulated
wires of the recording interface assembly. This assembly including all
electrodes was secured to the skull using dental cement.

Following surgery, each mouse was allowed to recover from anes-
thesia and was housed individually with free access to water and food.
For the first 3-5 days after surgery, the health condition of animals was
carefully checked every 3 h except during the night (i.e., 8:00 p.m. to
8:00 a.m.).
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2.4. Apparatus

The procedure of a novel object recognition task was previously
described.®’ The behavioral task took place in an open square field
measuring 30 cm in width, 30 cm in depth, and 30 cm in height. The
walls and floor of the open field were made of translucent corrugated
plastic painted black. Each of the four inner walls was independently
colored partially with green, red, and yellow tape so that mice could
recognize their azimuth in the field. The eight kinds of objects used in
this test consisted of [two colors: orange, white] x [four shapes: corn,
pyramid, dome, snowman]. The base area and height of the objects were
approximately 7.1 cm? and 4.0 cm, respectively. A web camera
(MCM-300A, Gazo, Japan) was placed above the apparatus to monitor
the animals’ behavior, and the camera’s strobe signals were transmitted
to a data acquisition system (CerePlex Direct, Blackrock Neurotech,
USA; see the following sections for details) to synchronize with elec-
trophysiological signals using a custom-made application.

2.5. Behavioral tests

Mice were allowed to freely explore the open field (without any
objects inside) for 15 min per day and acclimatized to the open field for 3
days. After sufficient acclimatization, the novel object recognition test
including training and test sessions took place with a dim light.>">? The
mouse was tethered to the data acquisition system (CerePlex Direct). In
the training session, two identical objects were placed in two of the four
quadrants of the open field. A mouse was allowed to freely explore the
open field for 5 min and then returned to its home cage. One of the two
objects was replaced with another novel object in the same location.
Sixty min after the training session, the mouse was allowed to freely
explore the field for 10 min. Note that 60 min was set as the retention
interval between the training and test sessions for the following three
reasons. (i) When the interval between the two sessions is 4 h or more,
mice hardly or never distinguish between novel and familiar objects.>
(ii) When the training-to-test interval is short (i.e., 5 min), object
recognition memory is independent of the hippocampus.®® (iii) When
the retention period is over 10 min, the hippocampus is required for
object recognition rnemory.";5

Each drug (i.e., vehicle or curcumin (10 mg/kg)) was orally admin-
istered to mice (in a crossover manner) 60 min before the training ses-
sion; note that the interval (i.e., 60 min) between the administration and
training session was determined by previous pharmacokinetic investi-
gation that estimated Tpax (i.e., the time to reach maximum plasma
concentration) of curcumin at 40-50 min,>® which was subsequently
made around. The objects used in each session were predetermined by
random selection, and their locations were randomized across mice.>!

Behavioral tests were conducted mostly during the nocturnal period
for mice (i.e., 8 a.m. to 8 p.m.) so that they could behave actively. Every
time each behavioral test was finished, the apparatus was wiped,
cleaned, and disinfected using 70 % ethanol to eliminate as much of the
residual mouse scent as possible before the next mouse was placed in the
apparatus.

2.6. Behavioral electrophysiology

The EIB of the recording interface assembly was connected to a
digital headstage (CerePlex p, Blackrock Neurotech), and the digitized
signals were amplified and transferred to the data acquisition device
(CerePlex Direct) via interface cables. Electrophysiological signals were
digitized at a sampling rate of 2 kHz. LFPs were first recorded for 5 min
during the training session, after which mice were returned to the home
cage. Sixty min after the training session, the signals were recorded for
10 min during the test session.
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2.8. Histology

After the recordings, animals were anesthetized by intraperitoneal
injection of an overdose of urethane and transcardially perfused with
0.01 M phosphate-buffered saline (PBS; pH 7.4) and 4 % para-
formaldehyde (PFA) in 0.01 M PBS, followed by decapitation.®”*° The
brains were soaked overnight in 4 % PFA for post-fixation and coronally
sectioned at a thickness of 100 pm using a vibratome. Serial slices were
mounted on glass slides and processed for cresyl violet staining.?”*** For
cresyl violet staining, the slices were rinsed in water, ethanol, and
xylene, counterstained with cresyl violet, and coverslipped with malinol
(2009-2, Muto Pure Chemicals, Japan). The positions of all electrodes
were confirmed by identifying tracks in the histological tissue. Data
were excluded from the subsequent analysis if the electrode position was
outside the target brain region. Cresyl violet-stained images were ac-
quired using a phase-contrast microscope (BZ-X710, Keyence, Japan).

2.8. Data analysis

All data analyses were performed using custom-made MATLAB
(MathWorks, USA). The summarized data are reported as the mean +
the standard error of the mean (SEM). Unless otherwise specified, the
null hypothesis was statistically rejected when P < 0.05 by paired t-test.
Before pairwise comparisons were performed, normality of the sample
dataset (calculated by subtraction between corresponding two values)
was evaluated by the Shapiro-Wilk test, which tests the null hypothesis
that the dataset is drawn from a normally distributed population.?”*

The moment-to-moment positions of the mice were tracked by
manual detection using ImageJ (National Institutes of Health, USA).?>>!
For the training session, the time (>1 s) spent a circular area (~28 cm?)
around objects that would be unchanged and replaced in the test session
was measured and summed to produce T1 and T2, respectively. Simi-
larly, the total time spent around the familiar and novel objects in the
test session was defined as T1 and T2, respectively. The discrimination
ratio was calculated as (T2 — T1)/(T2 + T1); ideally, the ratio would be
zero in the training session.

The recording periods dominated by apparent electrical noise caused
by grooming, teeth grinding, chewing, and other physical impacts (e.g.,
when an animal hit its head on the walls) were manually excluded from
the analysis. The LFPs in the hippocampus and prefrontal cortex were
bandpass-filtered at delta (1-4 Hz), theta (4-12 Hz), beta (18-25 Hz),
low gamma (30-50 Hz), and high gamma (50-80 Hz) bands using fast
Fourier transform. For each of the bandpassed LFPs, Hilbert transform
was used to calculate the instantaneous amplitude a(t;) at every time
point i; note that the total number of the time points were the product of
the total recording time (i.e., ~300 s and 600 s for the training and test
sessions, respectively) and sampling frequency (i.e., 2000 Hz)."” Based
on the concept of the fixed effect model,’® when each state (e.g.,
exploratory behavior for the novel or familiar object in the test session)
including k epochs, the weighted average amplitude of the bandpassed
LFPs for a given state (i.e., Astate) Was retrieved as follows:

Ave=Y"((alt€ epochk))/Via(t € epochk) / S (1 Vit epoch)
k

k

where u and V denote the mean and variance, respectively.

For the training session, the weighted average amplitude was
calculated for exploration of two objects. For the test session, ‘amplitude
ratio’ was determined as the ratio of Aygvel t0 Afamiliar, Where ‘novel’ and
‘familiar’ represented the exploratory behavior states for the novel and
familiar objects, respectively. Another metric named ‘adjusted ampli-
tude’ was introduced; the adjusted amplitude was defined as the ratio of
(Aobject — Anon-exploration) 1O Anon-explorations Where ’non-exploration’
signified states in which mice did not explore any objects. Further, the
magnitude-squared coherence of the bandpassed LFPs between the
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hippocampus and prefrontal cortex was calculated to estimate the
multiregional synchronicity of neural activity. The coherence was
averaged in a similar manner to the LFP amplitude as described above.

3. Results

We investigated whether one-shot oral intake of curcumin affected
memory regarding object recognition in mice and whether neural ac-
tivity in the hippocampus and prefrontal cortex was associated with
curcumin-modulated memory. We implanted electrodes into the two
brain regions in mice for electrophysiological recording. After they were
fully recovered from the surgery, we intragastrically injected curcumin
or vehicle into mice 60 min before the training session of the novel
object recognition test. We started the training session and allowed mice
to freely sample two identical objects in the field (Fig. 1A and B). We
replaced one of the two objects with a new object in the field and
allowed mice to freely explore the field again in the test session 60 min
after the training session (Fig. 1A and B). In the training session, the total
travel distances of mice in the vehicle- and curcumin-treated groups did
not significantly differ (23.6 + 3.7 m (vehicle) vs. 33.3 + 3.6 m (cur-
cumin), P = 0.19, t4 = 1.59, n = 5 mice, paired t-test; Fig. 1C). The travel
distances in the test session were also not different between the two
groups (53.9 £+ 6.2 m (vehicle) vs. 57.7 &+ 5.6 m (curcumin), P = 0.40, t4
= 0.94, n = 5 mice, paired t-test; Fig. 1C). We found that the discrimi-
nation ratio in the curcumin group was significantly higher than the
vehicle group in the test session (—0.35 + 0.18 (vehicle) vs. 0.41 + 0.07
(curcumin), P = 0.03, t4 = 3.23, n = 5 mice, paired t-test; Fig. 1D),
whereas the discrimination ratio did not significantly differ between the
two groups in the training session (—0.02 + 0.15 (vehicle) vs. 0.09 +
0.23 (curcumin), P = 0.78, t4 = 0.30, n = 5 mice, paired t-test; Fig. 1D).
These results suggest that the acute curcumin administration to mice
augments the object recognition memory with their motor function
maintained.

To probe neurophysiological signatures of the object memory
enhancement, we first recorded LFPs in the hippocampus and medial
prefrontal cortex in the training session (Figs. 2 and 3A), and calculated
average amplitude of five (i.e., delta, theta, beta, low gamma, and high
gamma) frequency components of the LFPs when a mouse explored the
objects. We failed to find any significant differences in either average
amplitude of oscillations in the hippocampus or medial prefrontal cortex
between the vehicle and curcumin groups (Fig. 3B-D, Tables S1 and 3).
We defined ‘non-exploration state’ as the period when mice did not
explore any objects and calculated ‘adjusted amplitude’ (see Materials
and methods) for the five frequency bands in the hippocampus and
prefrontal cortex in both groups; however, we did not also find any
significant differences between the two groups (Fig. 3C-E, Tables S2 and
4.

We next recorded LFPs from the two regions in the test session
(Figs. 2 and 4A) and calculated average amplitude of five frequency
components of the LFPs when a mouse sampled the familiar and novel
objects. For each frequency band, we determined the amplitude ratio
and adjusted amplitude (see Materials and methods). None of the
amplitude ratios of five frequency components of LFPs in the medial
prefrontal cortex significantly differed between the vehicle and curcu-
min groups (Fig. S1A, Table S8). However, we found a significantly
larger amplitude ratio in the hippocampal delta oscillations in the cur-
cumin group than the vehicle group (Fig. 4B, Table S5); note that the
hippocampal delta amplitude ratio was not significantly correlated with
the discrimination ratio in the curcumin group (r = —6.24 x 1073, P =
0.99, t3 = —0.01, n = 5 mice, t-test of a correlation coefficient vs. 0). The
theta, beta, low gamma, and high gamma oscillations in the hippo-
campus were not significantly affected by curcumin treatment in terms
of the amplitude ratio (Fig. 4B, Table S5). In addition, the adjusted
amplitude of the five frequency bands in the hippocampus was not
significantly different between familiar and novel objects in the vehicle-
treated group (Fig. 4C, Table S6), as was the case with the prefrontal



S. Tijima et al.

A Vehicle
Training

2

Test

= —
10om familiar novel

C Training Test

- 100

E 40

: ol ot

5 20

S

Q

g o e o 0 & o

- 0\ ‘({\ 0\ ((i\

Fig. 1. Curcumin enhances object recognition memory.

Journal of Pharmacological Sciences 158 (2025) 95-102

Curcumin

D Training Test
el *
T 05 0.5

_5 0 0

.g -0.5 -0.5

.g T T T T
o .0\3 ‘6\(\ .o\e ‘d\‘\
2 o o N

A, Trajectories (gray) of vehicle-treated mice in the acquisition group during the training session (left) and test session (right). One of the two objects (translucent blue)
explored by mice in the training session is replaced with a novel object (translucent green) in the test session. B, Same as A, but for curcumin-treated mice. C, Distance
traveled by the vehicle-treated and curcumin-treated mice in the training (left) and test (right) sessions. D, The same as C, but for the discrimination ratio.
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Fig. 2. Electrophysiological recordings from the hippocampus and medial prefrontal cortex in vivo.
A, Top view of the mouse brain and coordinates of the hippocampus, mPFC, and ground/reference electrodes. B, Nissl-stained sections including the electrode tracks
for the mPFC (left) and hippocampus (right). Abbreviation: mPFC, medial prefrontal cortex.

cortex in both groups (Figs. S1B and C, Tables S9 and 10). However, the
adjusted amplitude of the hippocampal delta oscillations in the curcu-
min group significantly differed between familiar and novel objects,
which was not the case with the other oscillations in the hippocampus
(Fig. 4D, Table S7), suggesting again that curcumin treatment enhances
delta oscillations in the hippocampus when mice sample novel objects
(Fig. 4D, Table S7). The coherence of delta, theta, beta, low gamma, and
high gamma oscillations between the prefrontal cortex and hippocam-
pus in the curcumin groups was not significantly different from that in
the vehicle group for either object exploration or non-exploration
(Figs. S2A-C, Tables S11-13). These results indicate that curcumin
treatment specifically increases delta oscillations in the hippocampus
during novel object memory recall but does not affect synchronization of
delta oscillations between the hippocampus and prefrontal cortex.

4. Discussion
Here, we found that curcumin treatment enhanced object recogni-

tion memory in mice without their ambulatory behavior impaired. In
terms of neural correlates, we demonstrated that curcumin augmented
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delta oscillations specifically in the hippocampus in the test session.
Meanwhile, in the training session, the two identical objects are also
practically novel for mice, but curcumin did not significantly affect the
delta amplitude for the objects. Thus, precisely, curcumin increases the
contrast of delta power between familiar and novel objects underlying
object recognition memory improvement.

We show that hippocampal delta oscillations are augmented by
curcumin during novel object exploration (Fig. 4B). A relatively small
number of previous studies have discussed the origin and function of
delta oscillations in the hippocampus of conscious rodents,’>*"
compared to theta, gamma, and ripple oscillations. Although we did not
empirically determine the synaptic and circuit mechanisms underlying
curcumin-induced hippocampal delta oscillations during the novel ob-
ject sampling, we assume that it is accounted for by (i) synaptic release
of dopamine facilitated by curcumin and (ii) respiration.'®°*">% Cur-
cumin treatment elevates the dopamine concentration in the frontal
cortex, hippocampus, and striatum in a dose-dependent manner possibly
via diminishing enzymatic activity of monoamine oxidase A and B in the
entire brain.'® In this sense, we postulate that curcumin also increases
the dopamine level in the entorhinal cortex. Dopamine collapses



S. lijima et al. Journal of Pharmacological Sciences 158 (2025) 95-102

A Object

mPFC WWMWNMWMWWW Ww

>
-
o
-
500 ms
mPFC
B Delta Theta Beta Low gamma High gamma
—~
Z 80 130 30 30 %
O
B N
= 50 80 20
e 20
[} 20
€
< T T T T T T T T
o 05
3 0.2 0.2 0.2 0.2
EL 0 0 0 0 0
g -0.2 -0.2 -0.2 -0.2
o -0.5
173 T T T T T T T
3, ¥ O X © O O oe \<‘ O W
g qe\(\\ G\)‘o\)«\ qe\(\\ ‘0\)‘(\ \\6‘\\ \)‘G\)«\ QG\(\\ \)‘(\ qe\(\\ \)(G\)‘(\
Hippocampus
D Delta Theta Beta Low gamma High gamma
=
=
© 110 130 604 601
©
= 30+ 304
2 50- 60 299
< - T 1 T T T T T T
O 054
s 0.51 0.51 0.5 0.5
o i i i i
: 0 0 0 0 %
-0.5 -0.54 -0.5 1 -0.54
B -0.5
3 e i T T T T
=] e\Z O \3 WO \G N\ \G WO \0 N\
= % <« WO W\ % « % W % &
g Qe‘\ 0\)‘0\) \\e‘(\ O\) o\) qe\(\ G\> 0\) Qe\(\ O\) o\) qe‘(\ O\> 0\)

Fig. 3. Neural activity in the hippocampus and medial prefrontal cortex in vehicle-treated and curcumin-treated mice during the training session.

A, Representative raw LFP traces in the mPFC (top) and hippocampus (bottom) in a curcumin-treated mouse that explored an object (blue). B, The weighted average
amplitude of LFPs in the mPFC bandpassed at delta (first (leftmost)), theta (second), beta (third), low gamma (fourth), and high gamma (fifth) frequency bands in
vehicle-treated and curcumin-treated mice. C, Same as B, but for the adjusted amplitude. D-E, Same as B-C, but for LFPs in the hippocampus. Abbreviations: LFP,
local field potential; mPFC, medial prefrontal cortex.

sustained synchronous depolarizations, usually called ‘Up states’, in the transition between Up and Down states (i.e., Up/Down states). Hippo-
medial entorhinal cortex,”® which makes entorhinal neural activity campal neurons generally display the unimodal distribution of mem-
more punctuated by hyperpolarization and/or reduced firing (ie., brane potentials (i.e., ‘persistent Up states’) unlike other cortical areas.””
‘Down states’); that is, the entorhinal cortex shows the autonomous Since the hippocampal neurons receive synaptic input from the medial
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Fig. 4. Neural activity in the hippocampus in vehicle-treated and curcumin-treated mice during the test session.

A, Representative raw LFP traces in the mPFC (top) and hippocampus (bottom) in a curcumin-treated mouse that explored novel (green) and familiar (blue) objects. B,
The amplitude ratio of LFPs in the hippocampus bandpassed at delta (first (leftmost)), theta (second), beta (third), low gamma (fourth), and high gamma (fifth) fre-
quency bands in vehicle-treated and curcumin-treated mice. C, Analogous to B, but for the adjusted amplitude of the hippocampal LFPs for familiar and novel objects
in vehicle-treated mice. D, Same as C, but for the curcumin-treated mice. Abbreviations: LFP, local field potential; mPFC, medial prefrontal cortex.

entorhinal cortex, the hippocampal states are believed to be susceptible
to the upstream entorhinal states.”® Thus, it is plausible that curcumin
temporarily converts the firing and subthreshold membrane potential
mode in the medial entorhinal cortex into Up/Down states through
increased dopamine levels, and in turn, the hippocampal persistent Up
states are transformed into the Up and Down states, in which the hip-
pocampus is ready to generate delta oscillations. Moreover, respiration
is increased in mice when they scan and sniff novel objects,””>® possibly
entraining delta oscillations in the hippocampus.®® These mechanisms
would account for hippocampal delta oscillation enhancement by cur-
cumin for novel objects.

Another plausible mechanism underlying curcumin-enhanced hip-
pocampal delta oscillations for novel objects would be the cholinergic
system. Curcumin treatment inhibits acetylcholinesterase activity,”*°°
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thereby increasing the concentration of acetylcholine. Earlier pharma-
cological and computational studies have suggested that acetylcholine
receptor activation produces a regular pattern of synchronous dis-
charges, whose frequency is in the delta range, in the hippocampal CA3
area,’"%? an upstream region of the CA1 area.’® The delta-frequency
firing of CA3 neurons would, in turn, appear as delta oscillations in
the CA1 area because LFPs mirror collective dynamics of synaptic inputs
into neuronal populations. Novelty signals are associated with hippo-
campal acetylcholine transmission®®; therefore, curcumin per se may
possess the potential to generate delta oscillations in the hippocampus,
which are augmented by novelty signals.

Indeed, hippocampal delta oscillations are augmented for memory
performance in curcumin-treated mice, but at the same time, the
neurophysiological measure (i.e., amplitude ratio) is not significantly
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correlated with the behavioral performance (i.e., discrimination ratio),
suggesting that the hippocampal delta oscillation alone cannot fully
account for the memory performance. With this regard, other regions
including the perirhinal cortex may also involve cognitive performance
improvement by curcumin. In other words, the effect of curcumin on the
enhancement in memory performance is confined to the novel object
recognition task; there may be no or few changes in memory perfor-
mance in the other behavioral tasks even if animals are pretreated with
curcumin.

In this study, hippocampal delta oscillations are enhanced in the
curcumin-treated mice when they are stationary around the objects
(Figs. 1 and 4). Consistent with this, previous research has reported that
prominent delta oscillations emerge in the hippocampus with pauses in
animal’s spontaneous running in an open field*’ and that hippocampal
delta oscillations are increased across consecutive treadmill runs.’® The
current study contrasts with these past studies in that the hippocampal
delta oscillations are likely to be generated not only from the state of
immobility but also from object sampling and sniffing. In this light, we
should not overlook the respiratory rhythm from the olfactory bulb, but
have not addressed the issue. Hence, simultaneous recordings of neural
activity in brain-wide regions including the hippocampus, prefrontal
cortex, entorhinal cortex, and olfactory bulb will unmask new aspects of
pharmacological and physiological effects of curcumin in terms of the
respiratory rhythm, dopamine-dependent state transitions in the ento-
rhinal cortex, and synchronization of oscillations across multiple
regions.
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