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Fig. 3. Passive membrane properties of PrL PN neurons Cumulative percentile 

showing (A) resting membrane potential, (B) cell capacitance, (C) rheobase, and (D) sag 

ratio of layer V pyramidal neurons in P120 (n = 30), P180 (n = 31) and P220 (n = 25) 

ferret prelimbic cortex. (E) Membrane response to current injections before spiking was 

compared between groups. Slope of solid lines indicates input resistance of the cell. 

Significance indicated after Kolmogorov-Smirnov test if the p-value of 1-way ANOVA < 

0.05.    *p < 0.05, **p < 0.01

Fig. 5. Spike properties versus injected current

(A) Latency (time between step stimuli and first spike), (B) adaptation rate, 

(C) amplitude, and (D) threshold, (E) fast AHP, (F) rise (time to 10% to 90%), 

(G) decay (time to 90% to 10%),  (H) spike width. Mean ± SEM, *p < 0.05, **p < 0.01

Fig. 7. Prolonged ISI makes neurons fire less (A) Cumulative percentile 

of ISI is P120 (n=2924 spikes, blue), P180 (n=3153, green) and P220 (n=2234, 

red). Significance by KS test after p-value of ANOVA <0.05, *p<0.05, 

#p<0.00001. (B) Median ISI ± 1.253*SEM of 1st, 4th and 7th ISIs in each group. 

KW test, *p<0.05, **p<0.01, ***p<0.0001. (C) Accommodation plot of ISIs with 

similar (10-20ms, circle; 30-40ms, triangle; and 50-60ms, square) 1st ISIs. 

Dimmed traces indicate ISIs of an individual neuron. Mean ± SEM.

Fig.1 

Ferret (A) and 

mouse (B) brain

Fig.2. Comparison of

adolescence in Rats,

Human and Ferrets

All procedures were performed in compliance with the IACUC

of University of Maryland. Male ferrets at P120 (n=8 animals),

180 (n=8) and 220 (n=6) (Marshall Farms) were used. After

anesthesia, animal was perfused with NMDG based aCSF for

8-10 minutes then whole brain was extracted. Coronal

sections (thickness = 400 uM) of prefrontal cortex were

collected from the whole brain. After 1 hour of recovery in

HEPES based aCSF, slices were moved to recording

chamber and layer 5 pyramidal neurons in prelimbic cortex

(PrL) were accessed with whole cell patch clamp method

(Multiclamp 700B) and digitized (Digidata 1550B and

Clampex 11, Molecular Devices). Only neurons with an initial

access resistance (Ra) of 20 MOhm or less and a changed to

20% or less were analyzed.

Data analysis and statistics

Feature extraction, statistics and data display were performed 

by homemade Python scripts without supervision. 

Ferrets have a gyerencephalic brain with an organization that is closer to non-human

primates than rodents. Ferrets have been used in studies of visual cortex development

and plasticity, sensory processing, multisensory integration, TBI and decision making.

Surprisingly, there is no convention of what defines adulthood in the ferret. Studies have

considered ferret adulthood as early as P90 and as late as 2 years. Adolescence is a

period of development characterized by physical maturation, risk taking behavior and

impulsivity. While physical maturation, including puberty, co-occurs with adolescence, they

do not indicate when adulthood is reached. For instance, while puberty in humans is

completed by 16-17 years of age, the human brain continues to mature until

approximately 23-25yrs of age with the prefrontal cortex (PFC) maturing latest. Therefore,

the functional maturation of the PFC is proposed to act as a marker of the conversion

between adolescence and adulthood. We conducted whole-cell patch clamp of pyramidal

neurons in Layers 5 from acute slices from the prelimbic cortex portion of ferret medial

PFC at three different ages after puberty (P120, P180 and P220)

Fig. 4. Developmental change of layer V pyramidal neuron excitability in ferret prelimbic cortex.

(A) Evoked spikes by injecting series of incremental 500-ms-long step current injection (-40 pA to 340 pA, Δ I = 

20pA) were assessed (mean± sem) in P120 (n = 30 neurons, blue), P180 (n = 31, green) and P220 (n = 25, 

red) ferrets. The PN of P220 ferrets fired less than those of other ages groups. (B) Representative traces 

showing firing pattern with 100 (top), 200 (middle) and 300 pA (bottom) step current injection. *p < 0.05, ***p < 

0.001 

Fig. 6. Developmental change of spike dynamics in 

P120, P180 and P220 ferrets 

(A - C) Change of Action potential shapes along with injected 

current (circle: 100pA, triangle: 200pA and square: 300pA) 

(left) and their phase plan (right) recorded from layer 5 PNs 

of PrL. (D) Number of spikes used for this analysis 

Some membrane properties including sag ratio, cell capacitance and 

rheobase showed significant change from P120 to P220. Surprisingly 

there was no difference in input resistance.  We observed a decrease in 

neuronal excitability and increased inter spike interval. Also, amplitude 

of action potential decreased with increasing injected current in young 

animals, but there was little change in P220 animals. Our findings 

showed that excitability of pyramidal neurons in this region changes 

between the ages investigated, which strongly suggest that ferret 

prefrontal cortex does not mature before P220.

Ongoing studies in our lab will include an older group (P280) and 

investigate changes in inhibition and dopaminergic function.


