
Supplementary Results: Within-Session Analysis of Locomotor Activity and Avoidance Behavior 
 

 
 
Supplementary Fig. 1. In the rotating arena, within-session analysis revealed no early differences, but significant 
increases in locomotor activity emerged on day 5 in MK-801 and LY379268 + MK-801 groups compared to saline:  
(A) Distance moved in 5-minute intervals across the five days of learning. Group differences are indicated as follows: 
saline vs. 1 mg/kg LY379268 (△), saline vs. 2 mg/kg LY379268 (▼), MK-801 vs. 1 mg/kg LY379268 (□), MK-801 vs. 
2 mg/kg LY379268 (■), and saline vs. MK-801 (○) The level of significance is indicated by the number of symbols: one 
symbol represents p≤0.05, two symbols represent p≤0.01, and three symbols represent p≤0.001. Within-session 
analysis of shocks received revealed that LY379268 (2 mg/kg) combined with MK-801 consistently led to higher 
shock counts across multiple days and time bins, indicating worsened avoidance behavior compared to both 
saline and MK-801 groups. (B) The number of shocks received across training days was presented in 5-minute time 
bins. 
 

To explore the dynamic effects of pharmacological treatments during each session, we divided the training 
periods into 5-minute bins and analyzed locomotor activity across the five days of learning (presented in 5-minute time 
bins; Suppl. Fig. 1A). Distance moved was analyzed for each day using a two-way repeated-measures ANOVA with 
Group as a between-subject factor and Time bin as a within-subject factor (Day 1: time × group, F(9,150)=0.5561, 
p=0.8311; time, F(2.181,109.0)=15.39, p<0.0001; group, F(3,50)=1.040, p=0.3831; Day 2: time × group, F(9,153) 
=0.6151, p=0.7829; time, F(1.759,89.71)=3.234, p=0.0502; group, F(3,51)=1.582, p=0.2050; Day 3: time × group, 
F(9,150)=1.295, p=0.2440; time, F(1.772,88.60) = 0.8583, p=0.4155; group, F(3,50)=0.4990, p=0.6846; Day 4: time × 
group, F(9,147)=0.8720, p = 0.5518; time, F(2.096,102.7)=0.5231, p=0.6027; group, F(3,49)=0.5916, p=0.6235; Day 5: 
time × group, F(9,150)=1.482, p=0.1592; time, F(1.557,77.84)=0.5380, p=0.5421; group, F(3,50)=3.822, p=0.0153). 
On day 1, no post hoc group differences were detected. On day 2, a single significant difference was observed in the  
5-10 min bin between the saline and LY 2 mg/kg + MK-801 groups (*p=0.0427), with no other pairwise differences. 
On days 3 and 4, no significant post hoc group differences were found in any bin. In contrast, on day 5, robust 
differences emerged across the later bins: in the 5-10 min bin, the saline group differed from MK-801 (*p=0.0449),  
LY 1 mg/kg + MK-801 (*p=0.0297) and LY 2 mg/kg + MK-801 (*p=0.0103); in the 10-15 min bin, saline differed 
from MK-801 (*p=0.0238), LY 1 mg/kg + MK-801 (*p=0.0176) and LY 2 mg/kg + MK-801 (**p=0.0020); and in the 



15-20 min bin, saline again differed from MK-801 (*p=0.0279), LY 1 mg/kg + MK-801 (*p=0.0252) and LY 2 mg/kg 
+ MK-801 (***p=0.0006), indicating persistently higher locomotor activity in all MK-801–treated groups at the end of 
training. 

For shocks received in the avoided sector, within-session effects were analyzed using a two-way repeated-
measures ANOVA with Group and Time bin (0-5, 5-10, 10-15, 15-20 min) as factors (Suppl. Fig. 1B). For day 1, the 
analysis showed a significant main effect of time (F(1.766,88.30)=19.71, p<0.0001) and group (F(3,50)=3.252, 
*p=0.0293), but no time × group interaction (F(9,150)=1.741, p=0.0845). On day 2, there were again significant main 
effects of time (F(1.690,86.21)=7.643, **p=0.0016) and group (F(3,51)=3.306, *p=0.0274), without a significant time × 
group interaction (F(9,153)=0.9411, p=0.4915). On day 3, both time (F(1.671,85.20)=11.28, ***p=0.0001) and group 
(F(3,51)=4.192, **p=0.0100) were significant, whereas the time × group interaction was not (F(9,153)=0.6577, 
p=0.7460). On day 4, the ANOVA revealed significant main effects of time (F(2.108, 105.4)=10.61, p<0.0001) and 
group (F(3,50)=2.837, *p=0.0473), but again no time × group interaction (F(9,150)=1.249, p=0.2694). Finally, on day 
5, significant main effects of time (F(2.043,102.2)=7.296, **p=0.0010) and group (F(3,50)=3.138, *p=0.0334) were 
observed, with no significant time × group interaction (F(9,150)=0.8202, p=0.5984). 

Several within-session post hoc differences were detected. On day 1, significant differences emerged between 
MK-801 and LY 2 mg/kg + MK-801 in the 5-10 minute bin (*p=0.0252), 10-15 minute bin (*p=0.0348), and 15-20 
minute bin (**p=0.0075). On day 2, differences were found between saline and LY 2 mg/kg + MK-801 in the 5-10 
minute bin (*p=0.0394), and between saline and both LY 1 mg/kg + MK-801 (*p=0.0449) and LY 2 mg/kg + MK-801 
(*p=0.0386) in the 15-20 minute bin. On day 3, group differences emerged early: saline vs. LY 2 mg/kg + MK-801 in 
the 0-5 minute bin (*p=0.0173), 5-10 minute bin (**p=0.0059), and 10-15 minute bin (**p=0.0072); additionally,  
MK-801 vs. LY 2 mg/kg + MK-801 showed significance at 10-15 minutes (*p=0.0354). On day 4, only the first two 
bins showed significant differences between saline and LY 2 mg/kg + MK-801 (**p=0.0014 and *p=0.0258, 
respectively). On the final day (day 5), significant differences were again observed: MK-801 vs. LY 2 mg/kg + MK-801 
in the 0-5 minute bin (*p=0.0445), and in the 5-10 minute bin, saline vs. LY 2 mg/kg + MK-801 (*p=0.0236), MK-801 
vs. LY 1 mg/kg + MK-801 (*p=0.0492), and MK-801 vs. LY 2 mg/kg + MK-801 (**p=0.0053). In the 10-15 minute 
bin, both saline vs. LY 2 mg/kg + MK-801 (*p=0.0121) and MK-801 vs. LY 2 mg/kg + MK-801 (*p=0.0129) were 
significant. In the final 15-20 minute interval, a difference was observed between saline and LY 2 mg/kg + MK-801 
(**p=0.0015). 
 

 
Supplementary Fig. 2. The shocks-per-entrance parameter revealed an effect of LY379268 (2 mg/kg) administration 
compared to the saline and MK-801 groups on Day 4 in the rotating arena. 
 

To examine procedural learning in the arena, we calculated the number of shocks per entrance (formula: 
shocks / (entrances + 1) to avoid division by zero). A two-way ANOVA revealed an effect of days 



(F(3.449,175.0)=2.907, p=0.0296) and an effect of group (F(3,51)=3.709, p=0.0173), but no interaction 
(F(10.35,175.0)=1.275, p=0.2461). Tukey’s post hoc test showed a significant difference between the LY379268 
(2 mg/kg) and saline groups, and between the LY379268 (2 mg/kg) and MK-801 (0.1 mg/kg) groups, indicating that the 
slightly worsened procedural learning observed in the LY379268 (2 mg/kg) group reached statistical significance only 
on this particular day. 
 

 
Supplementary Fig. 3. We did not observe any effect of LY379268 administration on local field potentials (LFPs) in 
the mPFC. (A) No significant effect of treatment on PSD was observed in the low and high gamma ranges compared to 
baseline activity in home cage recordings. (B) In urethane recordings, significant differences in power spectral density 
(PSD) were observed between the control (saline) group and the MK-801 group, as well as between the MK-801-
treated group and the LY379268 group. However, no significant differences were found between the control group and 
the LY379268 group in both low and high gamma ranges. (C) In home cage recordings, there were no significant 
differences in phase-amplitude coupling (PAC) between theta and low gamma or between theta and high gamma, as 
indicated by phase-locking value (PLV). (D) Similarly, in urethane recordings, no significant differences in PAC were 
observed between theta and low gamma or between theta and high gamma, as indicated by PLV. Data are shown as 
mean ± SEM; saline n=7, MK-801 n=5, MK-801 + LY379268 n=5. 
 

We analyzed neural activity in rats under both home cage conditions and urethane anesthesia after the 
administration of LY379268 but before the administration of MK-801 (see Fig. 2, marked by a dashed line) to assess 
whether LY379268 alone induces differences in PSD or theta-gamma PAC compared to controls. 

Under home cage conditions, ordinary one-way ANOVA showed no significant differences in PSD in the low 
gamma range (F(2,14)=0.1496; p=0.8624), and the Kruskal-Wallis test similarly showed no significant differences in 
the high gamma range (H(2)=3.227; p=0.2084). In urethane recordings, however, ordinary one-way ANOVA revealed 
significant differences in the low gamma range (F(2,14)=16.31; ***p=0.0002), with post hoc tests showing significant 
differences between the control group and the MK-801-treated group (***p=0.0002) and between the MK-801-treated 
group and the LY379268-treated group (p=0.0045). For high gamma under urethane anesthesia, ordinary one-way 
ANOVA also indicated significant differences (F(2,14)=7.298; **p=0.0067), with post hoc tests identifying significant 
differences between the control group and the MK-801-treated group (**p=0.0081) and between the MK-801-treated 



group and the LY379268-treated group (*p=0.0206). 
For theta-gamma PAC, in home cage recordings, ordinary one-way ANOVA showed no significant differences 

in PLV between theta and low gamma (F(2,14)=0.6312; p=0.5467). While the Kruskal-Wallis test displayed a 
significant difference in theta-high gamma PAC (H(2)=6.413; *p=0.0339), post hoc tests did not reveal any significant 
pairwise differences. In urethane conditions, ordinary one-way ANOVA showed no significant differences in PLV 
between theta and low gamma (F(2,14)=0.3888; p=0.6849). Similarly, the Kruskal-Wallis test showed no significant 
differences in theta-high gamma PAC (H(2)=1.250; p=0.5545). These findings indicate that LY379268 alone does not 
induce significant changes in PSD or PAC compared to controls under either condition. 
 

 
Supplementary Fig. 4. Distance moved correlates with theta-low Gamma PAC in controls, but not with PSD in any 
group. (A) No significant correlation was observed between distance moved and power spectral density (PSD) in either 
the low gamma or high gamma frequency ranges. (B) A significant correlation between distance moved and phase-
amplitude coupling (PAC) was found only in the control group for theta-low gamma frequencies. No significant 
correlations were observed in the other groups or for theta-high gamma coupling.  
 

 
Supplementary Fig. 5. In home cage recordings, there was no effect of drug treatments on PSD and PAC: Power 
Spectral Density (PSD) and Phase-Amplitude Coupling (PAC) in the home cage. (A) No significant effect of treatment 
on PSD was observed in both low and high gamma ranges compared to baseline activity. (B) There were no observable 
differences in PAC between theta and lower gamma or between theta and higher gamma, as indicated by phase-locking 
value (PLV). Data are shown as mean ± SEM; saline n=7, MK-801 n=5, MK-801 + LY379268 n=5. 
 
 



Home cage recording 
We compared measured power to baseline activity for electrophysiological recordings in the home cage. 

Baseline activity was defined using a 10-minute period from 20 to 30 min after connecting the animal to the 
electrophysiological setup. This time frame was chosen to minimize stress-related activity from the initial head stage 
connection and to provide the animal with adequate time to acclimate to the setup. The baseline period was then 
compared to a 10-minute period recorded 30 to 40 min after the injection of saline, MK-801, or MK-801 following 
a prior injection of LY379268 (1 mg/kg). See Fig. 2 for a detailed experimental scheme. 

Electrophysiological recordings in the home cage showed no significant differences in PSD or PLV across 
treatment groups. Ordinary one-way ANOVA revealed that the application of MK-801 or the combination of 
LY379268 (1 mg/kg) and MK-801 had no significant effect on PSD in the low gamma band (F(2,14)=0.3557; 
p=0.7069) or high gamma band (F(2,14)=0.3429; p=0.7155) as shown in Fig. 5A. Similarly, no significant differences 
were observed in PLV for theta-low gamma PAC (F(2,14)=0.3750; p=0.694) or theta-high gamma PAC 
(F(2,14)=0.2486; p=0.7833) (Fig. 5C). These findings indicate that, under home cage conditions, neither MK-801 nor 
the combination of LY379268 + MK-801 significantly altered the neural activity in the mPFC, suggesting that the 
treatments did not disrupt baseline oscillatory dynamics or PAC in this setting. 

In addition, no differences were observed in PSD or PLV between the control saline, the MK-801 group, and the 
single administration of LY379268, which preceded MK-801 administration, in home cage recordings (Suppl. Fig. 5). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues false

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /CZE <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice



