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ABSTRACT 

Revealing the mystery of cortical development can help us understand how cortical 

circuits learn to process information. Recent work on the visual and somatosensory 

systems has shown that cortex learns to process information during the pre-critical 

period, mostly in the absence of sensory input. For example, before maturation of the 

retina, spontaneous retinal waves trigger 10 Hz spindle oscillations in the thalamocortical 

loop that drive plastic changes in visual cortex. Little is known about the development of 

piriform olfactory cortex—a three-layer paleocortex that lacks thalamic relay and 

receives natural sensory input from birth. We ask whether the same activity patterns 

observed during development of neocortex are observed in piriform cortex by recording 

local field potential (LFP) activity in piriform cortex of awake rats during the first three 

weeks of life (P0-21). At birth, the piriform LFP exhibits respiration and spindle 

oscillations in response to odor stimuli. Spindle oscillations increase in frequency until 

they reach adult beta oscillation values by P15. In parallel, spontaneous activity 

undergoes a dramatic increase in structure. These findings indicate that early 

developmental dynamics observed in piriform cortex activity are highly similar to those 

previously observed in neocortical sensory areas. This suggests that the principles 

underlying cortical development are evolutionarily conserved, and that sensory cortical 

development may be coordinated across the brain. 
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INTRODUCTION 

Cortical development refers to the formation of functional information processing circuits 

during early life. Previous work on this topic has mainly focused on how the visual and 

somatosensory systems develop in rodents during the “critical period”, a time period 

during which sensory input shapes functional processing circuits in primary sensory 

cortex. For example, blocking the eye during the critical period prevents proper formation 

of orientation selectivity in visual cortex[1]. However, recent work has shown that cortex 

learns to process information already in the absence of sensory input, during the pre-

critical period. During this period (~1-2 weeks after birth in rodents), external sensory 

signals are blocked, and internally-generated input triggers spindle oscillations in cortex. 

For example, before maturation of the retina (during the first two weeks of life), 

spontaneous retinal waves trigger 10 Hz spindle oscillations in the thalamo-cortical loop 

that drive plastic changes in visual cortex that help establish ocular dominance[2, 3]. 

Moreover, this spindle oscillation in neocortices is believed to build the basis for 

plasticity in those sensory cortices[4]. In the somatosensory system, spontaneous muscle 

twitches during the first week of life generate similar oscillations in the thalamocortical 

loop that help establish barrel formation in the somatosensory cortex[5]. Thus, in both 

these systems, activity patterns that drive the maturation of sensory processing during 

early life are not evoked by external sensory input; instead, they are internally generated. 

Similar phenomena have been observed during early development of auditory cortex, 

where cochlear waves trigger 10 Hz oscillations[6].  
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In contrast to visual, somatosensory and auditory neocortex, almost nothing is known 

about development of sensory processing in olfactory cortex. Major differences in the 

organization of olfactory cortex suggest that developmental mechanisms may differ 

significantly. Olfactory cortex processes olfactory information and is related to several 

important behaviors such as sniffing and sense of smell. Piriform olfactory cortex is a 

three-layer paleocortex (as opposed to the six layers of neocortex), that receives input 

directly from second-order neurons in the olfactory bulb (OB) without thalamic relay[7]. 

Furthermore, olfactory sensory neurons, as well as connections between the bulb and 

cortex mature before birth in rodents, suggesting that natural sensory input reaches the 

cortex already at birth[8, 9]. On the other hand, a shared evolutionary history suggests that 

developmental processes may be conserved between neo- and paleocortex[9].  

Previous studies have identified postnatal changes in cellular development of the piriform 

cortex, suggesting that information processing undergoes postnatal development. Using 

cell-specific fluorescent markers, they determined the maturation timeline of different 

types of cells: pyramidal cells are fully matured about 2 weeks after birth, and 

interneurons do not form inhibitory synapses on excitatory cells at birth. Within one 

month after birth, the number of interneurons decreases, but the number of inhibitory 

synapses increases until the cortex matures[10]. 

Here, we used extracellular electrophysiological methods to record local field potential 

(LFP) activity in rat piriform cortex from postnatal day (P) 0 to P21. LFP is an 

electrophysiological signal generated by multiple nearby neurons around electrodes, 

which represents the local network activity[11]. By analyzing oscillatory structure in the 
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LFP from piriform cortex at different ages, we found that an odor stimulus triggers 

response in piriform cortex at birth, and this response changes with age until mature 

activity patterns are reached by P15[12]. We also recorded respiratory activity to explore 

olfactory behaviors that parallel rat piriform cortex maturation. 
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METHODS 

Animals 

Pregnant Long-Evans rats were purchased from Charles-River Laboratories (embryonic 

day 12-17) and housed under controlled conditions (12-hour light cycle), with ad lib 

access to food and water. Until birth, cages were inspected daily for litters. If a litter was 

present at 9 am, that day was marked P1 Animal care and experimental procedures were 

in compliance with the National Institutes of Health’s Guide for the Care and Use of 

Laboratory Animals and were approved by the Institutional Animal Care and Use 

Committee at Wake Forest School of Medicine.   

Electrophysiological recordings 

On the day of recording, pups were removed from the litter and injected with Meloxicam 

(5 mg/ml in 10 mg/kg bodyweight) to reduce pain. Anesthesia was induced with 5% 

isoflurane vaporized in air, checked by tail pinch, and maintained with 0.5-5% isoflurane. 

The scalp was removed, and the skull cleaned with hydrogen peroxide. A metal ring was 

then attached to the skull using superglue (P0-11) or dental cement anchored with skull 

screws (P12-21), and the animal was placed on a platform with the metal ring rigidly 

attached to a stereotax. A craniotomy was made overlying the piriform cortex, and multi-

electrode silicon probes (Cambridge Neurotech, probe type ASSY-37 P-2,32 channels), 

coated with VybrantTM Dil Cell-labeling solution were inserted. A ground wire was 

inserted into the brain through a craniotomy posterior to the recording electrode. The 

animal was then removed from isoflurane and allowed to acclimatize to head-restraint for 
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one hour before recording. Throughout this procedure, body temperature was maintained 

at 35°C using an infrared heat lamp. Ambient air was humidified by placing damp paper 

towels underneath the animal. During recording sessions, odor stimuli were presented for 

5 s (30-45 s inter-stimulus interval, 20-30 minutes total duration) using a constant-flow 

air-dilution olfactometer (Aurora scientific inc, 4-channel olfactometer, 206A).  Odors 

used were n-amyl acetate (AA), eugenol (EG) and acetone (AC), all of 99% purity 

(Sigma-Aldrich), and presented at 5% saturated vapor at a flow rate of 800 ml/min. For 

each odor, we presented 10 trials for each pup. Directly after recording sessions, animals 

were deeply anesthetized with isoflurane, decapitated and their brains removed. 

Data processing and analysis 

The broad-band extracellular signal from the electrodes was digitized (25 kHz sampling 

rate) and stored for off-line analysis using INTAN headstages (RHD 2132) and amplifiers 

(RHD 2000). Action potentials were extracted, clustered and sorted using phy script in 

python (Cyrille Rossant, phy). All subsequent analyses were performed in MATLAB 

2018b. The local field potential was obtained by filtering the broad-band signal between 

0.1 and 300 Hz (4th order Butterworth filter), and down sampled to 1 kHz. Spectral 

analyses were performed using the multi-taper Fourier transform (Chronux 2.12 toolbox) 

(Mitra and Bokil, 2007). 

Respiration monitoring 

Respiration was monitored using a metal cannula (25 gauge) inserted into the nasal cavity 

through a craniotomy at the level of the nasal fissure, connected to a pressure sensor 
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using microbore tubing. Superglue was used to create an airtight seal between the nasal 

bone and the cannula. Signal from the pressure sensor was amplified using a differential 

amplifier and stored as an analog input. Offline, the respiration signal was down sampled 

to 1 kHz and filtered between 0.1 and 20 Hz before further analysis. For individual sniff 

analysis, inhalations were detected using an amplitude threshold. For each sniff, 

frequency was calculated as one over the duration of the period until the next inhalation; 

amplitude was calculated as the difference between the maximum and minimum 

amplitude in the period until the next inhalation. 

Histology 

Brains were stored in 10% formalin (at least 10 days), followed by 30% sucrose (10-15 

days), then cut into 30 um sections using a Leica SM 200R sliding microtome Sections 

were mounted in DAPI mounting medium on glass slides and imaged using 

epifluorescence microscopy to determine the location of electrodes. 
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RESULTS 

Histology 

Due to the lack of an accurate atlas, the position of piriform cortex in the brain of rat pups 

is unknown. We used a freely available rat pup atlas (https://www.ial-developmental-

neurobiology.com/en/publications/collection-of-atlases-of-the-rat-brain-in-stereotaxic-

coordinates) as an initial guide, and determined recording location in our experiments by 

labeling our electrodes with DiI, and imaging brain sections using fluorescence 

microscopy post mortem. 

Odor stimuli trigger oscillations starting from P0 

We recorded extracellular activity in response to odor stimuli from piriform cortex (as 

verified using the method described above) of a total of 34 awake rat pups ranging in age 

from P0 to P21. Our analysis focuses on LFP activity, which represents the local synaptic 

activity in the cortical network. Fig. 1A shows single trial LFP activity recorded from rat 

pups of different ages (P0, P5, P8, P13 and P16). Note that the y-axes were scaled to 

visualize differences in LFP activity across development. To characterize odor-evoked 

LFP responses, we compared the LFP activity in before and after odor presentation. 

Figure. 1A shows a consistent change in LFP activity in piriform cortex following odor 

onset at all ages. The activity pattern is characterized by oscillatory bursts, which appear 

to be synchronized with respiration (shown in red above the LFP signal).  
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Within each burst of activity, a faster oscillation can be observed. To quantify the 

frequency composition of the LFP activity, we used the Fourier transform, decomposing 

our LFP signal into simple sine waves with different frequency and amplitude. In the 

spectrum (Fig. 1C), we can observe 3 peaks, at 0-5, 10-20 and 25-50 Hz. The peak at 0-5 

Hz represents burst frequency, which appears to be modulated by respiration. To quantify 

the relation between respiration and low-frequency oscillatory structure in the LFP, we 

calculated the coherence between the LFP signal and the respiration signal (Fig. 2). The 

coherence peaks between 0 and5 Hz, suggesting that respiration entrains network 

responses to odor stimuli.  

The second peak in odor evoked activity patterns we observed was an increase in power 

between 5 and 25 Hz (Figure 1C) that is sustained over the odor presentation period 

(Figure 1B). This peak represents the fast oscillations that can be observed within each 

activity burst in the example traces in Figure 1A and constitutes the peak frequency 

relative to baseline. The same peak is apparent at all ages (Figure 1A), starting at P0 (red 

dots in Figure 1C indicate significant differences from baseline, as determined by t-test, 

p<0.05).  

We also see this activity pattern from time-frequency-power specgram in Fig 1B. In this 

figure the time window is the same with Fig. 1A and the color represents the power. It 

can be found that in 5 second before odor onset, there are only a few low frequency 

compositions caused by respiration. After the odor onset, taking the p4 pups as an 

example, in 10 trials, we can see there is a significant power increase around 10 Hz 

(student’s t test, alpha=0.05, p<0.05) after 1 second shown in yellow. This frequency 
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from 5 to 25 Hz shown in time-frequency-power image is the same with the peak 

frequency we saw in spectrum in Fig 1C. There is also a response potential within one 

second after the odor onset, a peak response (Fig. 1A). This evoked potential in the LFP 

signal will cause full-band increase in power in spectrum (Fig.1C) and we can also see 

this increase in Fig 1B. So, in order to avoid the effect of full-band increase to the 

analysis, we removed the time window of 1s after the odor onset to compute the 

frequency-resolved spectrum (Fig. 1C). So, the conclusion so far is that the odor stimuli 

trigger burst of oscillations in piriform cortex regulated by respiration (Fig. 1A). The 

frequency of those oscillations is from 5 Hz to 25 Hz. However, it seems that the odor 

stimuli won’t change the respiratory frequency. 

Frequency of main oscillation increases with age 

Figure 1 demonstrates that inhaling odor stimuli triggers bursts of oscillations in piriform 

cortex, starting at P0. However, the characteristics of these oscillations undergoes appears 

to change with age. Figure 3 shows peak frequency (relative to baseline) obtained from 

all 34 rat pups, plotted as a function of age.  We found that for all pups, peak frequency 

of odor evoked oscillations was in the 5-25 Hz range, and that it increases with age. We 

divided the 34 pups into 2-day bins; the last group containing all pups 18 days and above 

(one-way ANOVA with factor Age: F=6.48, p<0.01). At birth, peak frequency was ~10 

Hz, and increased gradually from P0 to P7 to about 15 Hz, reaching a stable period from 

P7 to P15. After p15, the oscillation frequency increased steeply from 15 Hz to around 20 

Hz, and remained stable until P21, which was the oldest age tested here. Moreover, we 

know that in adult rats, odor stimuli can also trigger similar neural activity with pup, and 
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the frequency of this burst of oscillation is about 20 Hz in the piriform cortex of adult 

rats. Therefore, we can conclude that the oscillation frequency experienced an increase-

stable-increase pattern in early life, from the initial 10 Hz to the mature 20 Hz. During the 

first two weeks, the frequency of oscillation gradually increased from 10 Hz to 15 Hz. 

Around P15, the frequency of oscillation suddenly rises to 20 Hz and keeps this 

frequency until mature.  

Respiration frequency did not change significantly with age after stimuli 

In those 34 pups, 18 of them have respiration data. We calculated the mean respiration 

frequency from 1 to 5 second after stimulus for 10 trials and did one-way ANOVA 

between respiration frequency and 10 age groups. Figure 4 shows the respiration 

frequency with age. The result show that respiration frequency does not change 

significantly with age groups (F=2.36, p=0.11). 

Amplitude of main oscillation increases with age 

Figure 1A shows that odor-evoked oscillations not only increase in frequency, but also in 

amplitude as a function of age. In order to quantify the relationship between oscillation 

amplitude and age, we extracted average amplitude in a 5 Hz window centered on peak 

frequency in the spectrum (Figure 1C). Figure 5 plots amplitude as a function of age. 

Amplitude gradually increases with age, reaching stable values around P15. By 

comparing age-related changes in amplitude and frequency, Figure 5 shows that both 

reach stable values by P15. 
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Age-related changes in spontaneous activity 

So far, all the analysis has focused on odor-evoked activity. However, Figure 1 shows 

that piriform cortex also exhibits activity in the absence of odor stimuli, so-called 

spontaneous activity. Here, we use 5 seconds before stimulus onset to characterize 

spontaneous activity). The examples shown in Figure 1 demonstrate that spontaneous 

activity has similar structure as odor-evoked activity: the baseline spectrum has peaks at 

the same frequencies as stimulus-evoked activity, and the amplitude appears to increase 

with age. Figure 5 shows amplitude of spontaneous activity at peak frequency as a 

function of age. Like odor-evoked activity, spontaneous activity gradually increases with 

age, reaching stable values around P15. However, increase in spontaneous activity is 

slower than the increase in odor-evoked activity. According to the differences we found 

between spontaneous activity and odor evoked activity, it is possible to draw the 

conclusion, spontaneous activity develops independently of stimuli evoked activity.  
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DISCUSSION 

In this study we characterized the developmental time course of neural activity patterns in 

the piriform cortex. We found that odor stimuli evoke complex oscillatory network 

activity in the piriform cortex starting at birth. Both frequency and amplitude of 

oscillatory network activity underwent changes as a function of age.  

Developmental mechanisms of odor-evoked activity patterns 

We observed two main peaks in LFP spectrum following stimulus delivery. The first 

peak was between 0 and 5 Hz. Coherence analysis confirmed previous work on the 

mature olfactory system that this frequency is related to respiration. The second and main 

peak was between 10 and 25 Hz, representing the largest increase in power relative to 

baseline. With age, the frequency of this oscillation increases from about10 Hz at P0, to 

20 Hz at P21. However, this pattern of increasing frequency with age is not gradual. We 

found a prominent sharp rise in frequency around P15, where the frequency increases 

from 15 Hz to 20 Hz and remains stable afterwards. 

In piriform cortex, which is a primitive three-layer paleocortex and there is no 

thalamocortical input[10], which means regularity of thalamus cannot be the reason of 

oscillation. So, we first discuss it from the development of cortex itself. Previous studies 

reported that during postnatal development, both excitatory and inhibitory circuit [13] 

elements that play a key role in shaping odor-evoked activity undergo developmental 

changes. In the newborn piriform cortex, excitatory pyramidal cells are largely immature, 

and do not mature until P15. The number of inhibitory interneurons in piriform cortex 
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decrease, while numbers of inhibitory synapses increase during first after birth [14]. Thus, 

maturation of both inhibition and excitation coincides with the changes in spontaneous 

activity and odor-evoked activity observed in this study resulting in a stable pattern of 

activity at P15.   

Beside those intracortical factors that can affect the oscillation in piriform cortex, 

external projections to piriform cortex, such as OB, can also be the reason that alter the 

oscillation. As for external factors that may affect the odor-evoked activity, we know that 

piriform revives olfactory information form OB through LOT. This physical connection 

exists before birth [15] and stimulating the LOT several hours after birth can cause 

response in piriform cortex [16]. However, stimulating LOT only triggered transient 

activity in piriform as we saw in Fig.1A (0-1s after odor onset), which indicate that the 

oscillation cannot be generated by piriform cortex itself, it needs complex input from OB, 

similar to the role thalamus plays for neocortices. So, odor-evoked oscillation may be 

affected by the activity in OB through LOT.  

We found that amplitude of odor-evoked activity increases with age, and stabilizes 

around the same time frequency matures, around P15. Non-specific increases in LFP 

amplitude may be the result of increasing numbers of cells and synapses or synchronized 

firing of neurons[17]. Moreover, an increasing number of or more synchronized 

projections from the OB may also contribute to cause the increasing amplitude of 

piriform cortex activity. 

Spontaneous activity was also found to increase in amplitude over the same age range as 

stimulus-evoked activity. However, the increase in amplitude in spontaneous activity was 
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slower than the increase in odor-evoked activity, suggesting that the development of 

spontaneous activity and odor-evoked activity are independent of each other, and that the 

developmental mechanisms may be different.  

If we compare the development of piriform cortex with neocortices of other sensory 

systems, we might get some further insight to the development of piriform cortex. In 

visual cortex of the rat, retinal waves trigger spindle oscillation in early life in the 

absence of light stimuli. The frequency of this kind of spindle oscillation also increases 

with age[2]. Previous work has shed light on the developmental mechanism of visual 

cortex. Although there is no clear conclusion about how spindle oscillations develop from 

the immature to the adult pattern, oscillations seem to be the result of thalamic input 

filtered by cortical networks [18]. Since the cortex and the thalamus are not fully 

developed at birth, especially inhibitory interneurons and synapses, the cortex does not 

exhibit a single evoked potential, but an oscillation. With age, inhibitory neurons and 

synapses increases in number. Finally, maturation of feedforward inhibition[19], and 

intracortical connectivity [20] lead to a mature sensory response in visual cortex. So, the 

conclusion is that the oscillation in visual cortex depends on both thalamus and cortex by 

thalamocortical projections and intracortical communication. This switch from immature 

spindle oscillation to mature single potential happens aligned with eyes opening at P15. 

So, the conclusion is that the spindle oscillation in visual cortex depends on both 

thalamus and cortex by thalamocortical projections and intracortical communication [21]. 

Therefore, the oscillation in immature piriform may be similar to those observed in 

neocortices, due to the lack of mature inhibitory synapses, and need input from other area 

such as OB or thalamus. And OB may play the key role such as thalamus in visual cortex. 
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The present study shows that in piriform cortex, oscillations persist into the mature state, 

and the frequency of oscillation is also around 20 Hz [22, 23]. Before P15, spindle 

oscillation, which drives cortical plasticity [24], can be observed in piriform cortex. After 

P15, piriform cortex enters the mature state, but there are still oscillations around 20 

Hz[22]. These two different patterns of oscillation may represent the functional difference 

before and after P15.  During early life, there are two kinds of long-term plasticity in 

piriform cortex, lateral olfactory tract (LOT) synapse [25], and associational (ASSN) 

synapse [16]. LTP magnitude at LOT synapses decreases during first two weeks after 

birth, while the LTP magnitude at ASSN remains high  until adulthood [26]. This result 

indicates that during development, afferent synapse the receive sensory input from OB 

lose plasticity gradually but intracortical synapses stay plastic. Moreover, it has been 

suggested that the high plasticity of ASSN input may contribute to olfactory learning in 

adult by amplify the response of pyramidal cells [27]. 

Relation between cortical maturation and sensory input 

In visual cortex, the pre-critical period and critical periods are divided by eyes opening 

[28], while in somatosensory they are divided by the switching from spontaneous muscle 

twitches to voluntary movement [29]. It seems that changes in cortices are always aligned 

with behaviorally changes. For piriform cortex, the aligned behavior is respiration, more 

specifically, exploratory sniffing. Exploratory sniffing is a process of actively acquiring 

odor signals, which allows rats to localize the object in environment [30-32]. To test if 

respiration pattern changes during development, we also recorded respiration signal 
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during odor stimuli in different ages from P0 to P21. We predicted that the frequency and 

amplitude of respiration after stimulus would increase with age. After comparing the 

respiratory rate and amplitude of the 5 s before and after odor stimuli, we found that there 

was only a slight change in frequency or amplitude. The respiratory rate before and after 

stimulation is less than 3 Hz, which does not match the sniffing frequency (up to 10Hz) 

[32]. We hypothesized that rat pups may not exhibit exploratory sniffing during the 

experiment, because in the experiment, the pup's head is fixed on the stereotax with the 

electrodes, and the body is restrained to keep animal stable. In this case, the rat pup may 

not actively sniff, so we only recorded normal respiration. But we did find that during the 

non-stimulus time (exclude 15 s after odor onset), there are occasional intensive breaths, 

with larger amplitudes and faster frequencies. At the moment we are not sure whether 

odor stimuli have different effects on rat pups of different ages.  Before this study, there 

are already several studies about how sniffing activity changes with age in rat pups from 

P0 [33]. In that study, they recorded changes in the frequency of sniffing between P0 and 

P20 in rat pups. They found that the sniffing frequency is about 2 Hz at P0 and raised 5 

Hz at P3. It increased again after experiencing the stable phase of P4 to P9, reaching 8-10 

Hz at P15 and stayed stable after. Combined with our study (Fig. 4), we found that the 

developmental tendency of rat sniffing frequency is similar to the frequency and 

amplitude of odor-evoked oscillation, there always is a stage of growth-stable-growth. 

Moreover, P15 seems to be an obvious watershed, it seems that both the piriform cortex 

and the sniffing behavior reach maturity at P15. This indicates that for piriform cortex in 

rat, the electrophysiological activity of cortex and the behavioral activity are 

synchronized at the time of maturation. 
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Figure 1 
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Figure 1.  Odor stimuli evoke increase in power in spectrum. A, Single trial of odor 

stimulus from different age of rat pups. The LFP signal(gray) is displayed from 5s before 

odor onset to 5s after odor onset. 0 point on x axis shows the onset of odor stimulus. Y 

axis is voltage recorded from electrodes from -200mV to 200mV. The respiratory 

signal(red) is displayed above the LFP signal synchronously. Each inhalation evokes 

oscillation in LFP signal. B, Specgram of average of 10 trials. 0 point on x axis shows the 

onset of odor stimulus. Y axis shows different frequencies from 0 to 50 Hz. Frequencies 

with the most increased power from 5 to 25 Hz are indicated by a horizontal line. C, 

Spectrum of average of 10 trials. Spectrum of 4 s before odor onset (baseline, gray) and 4 

s from 1 s after odor onset to 5 s after odor onset (stimulus, red) are displayed together. Y 

axis is the contribution of frequencies. Red dots above are results of t-test between 

baseline and stimulus (Student’s t -test, alpha=0.05, p<0.05). The frequency with 

maximum value of the difference between baseline and stimulus is shown by the vertical 

line at 5-25 Hz (peak frequency). 
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Figure 2 

 

Figure 2. Coherency between LFP and respiration. X axis: frequency from 0-50 Hz. Y 

axis: Coherency between LFP signal and respiration signal. Gray line shows the shuffled 

coherency. 
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Figure 3 

 

Figure 3. Peak frequency increase during development. Age groups are on x axis. Each 

black spot is the peak frequency of a subject. Red line represents the mean of peak 

frequency in same age group. Standard error is displayed in red bar. One-way ANOVA, 

F=6.48, p<0.01.  

 
 P0-P1           P2-P3          P4-P5            P6-P7           P8-P9        P10-P11     P12-P13     P14-P15       P16-P17        P18+ 
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Figure 4 

 

Figure 4. Respiration frequency of each pup after odor stimuli. X axis is the postnatal 

day, y axis shows the respiration frequency. Each red dot in figure represent a rat 

pup.One-way ANOVA, F=2,36, p=0.11. 
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`Figure 5 

 

 

 

 

          P0-P1         P2-P3      P4-P5      P6-P7        P8-P9     P10-P11    P12-P1     P14-P15   P16-P17    P18+ 
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Figure 5. Amplitude at peak frequency of the spontaneous activity and the odor evoked 

oscillation comparing with frequency. Spontaneous activity is shown in blue; odor 

evoked oscillation is shown in red. Peak frequency is plotted above; error bars are shown 

in the same color. One-way ANOVA, F=5.9, p<0.01.  
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