NEURONAL GENERATOR PATTERNS OF EVENT-RELATED POTENTIALS (ERPS) TO PLEASANT AND UNPLEASANT ODORS IN DEPRESSED AND HEALTHY ADULTS
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Abstract Stimuli and Procedure Vacuum Natural Breathing  Velopharyngeal Closure ERP Recording and Data Analysis Nose =" § CSD Wavetorms
Background: Despite the overlap of cortical and limbic structures involved in olfaction, emotion and depression, there Kobal, 1982 No Stimulation / Blank Air « ERPs recorded from 49 scalp placements using an c © o  © o A Healthz/ Adults Depresse_d Patients = Healch/ Adults Depresse_d Patients
has been little study of olfactory function in depressed patients. Methods: Nose-referenced 49-channel ERPs were pen—— Olfactometer OMs Control Air . electrode cap with a nose reference, 200 samples/s (n=27) (n =25) (n=27) (n =25)
recorded from 25 clinically-depressed and 27 healthy adults (11/11 male) during an odor detection task using pleasant Noit.r._'_'_.__  EEG data acquired at .01-30 Hz band pass (-6dB/octave) e ° _
(Citronalva; CIT) and unpleasant (hydrogen sulfide; H,S) stimuli. High or low odor concentrations or blank air were Odor (HzS) o  blink reduction (continuous EEG) using spatial SVD; o R o N1 sink
presented unilaterally by a constant-flow olfactometer (variable ISI 15-21 s). Subjects indicated odor presence via foot OdD'“g'IOTn interpolated bipolar horizontal and vertical EOGs; / v s o “\ _ /
pedal. Neuronal generator patterns underlying ERPs were identified and measured by unrestricted Varimax-PCA of or{ci) horizontal eye artifacts (epoched EEG) by linear M;;f;i q ® e o S MF;'Sgtgfd
reference-free current source densities (CSD). Results: CSD waveforms were characterized across odors by an early Vacuum _ N _ regressions of lateral EEG differences (Fp2-Fpl, etc.)
sink (320 ms, bilateral centrotemporal, N1) and two distinct sources (490 ms, mid-frontocentral; 735 ms, mid- S go a"o'g add't'o_”";" éattiﬂtlﬁ”a') Isecr‘]’”dary ta}Sk « 2,000 ms epochs (250 ms pre-stimulus), averages (artifact-free
centroparietal, P2). Whereas N1 sink varied with odor intensity, P2 source varied with odor quality (H,S > CIT). CSD H,S Stimulation cli)n;S?e feacf;?gﬂaeemlvfsmel|eo¥e‘r3fteir£3§?(|4 S) trials) low pass filtered at 12.5 Hz (-24dB/oct.), 100 ms baseline correction
amplitude and topography were highly correlated with individual ratings of valence (P2) and arousal (N1). However, Control Al  or ‘lemon’ (CIT) was delivered to each nostril i « ERPsre-referenced to linked mastoids (TP9/10) for comparability to previous OERP research
Nostril (CIT)
CSD waveforms and topographies did not differ between groups. Likewise, patients showed normal odor identification odor (149 while participants were breathing normally. » reference-free current source densities (CSD) (spherical splines surface Laplacian; Perrin et al _
and thresholds (Sniffin’ Sticks), and did not differ from controls in behavioral performance for all conditions (76-90% vs. Dilution i 1989) computed for each ERP (sharpen topographies, eliminate volume-conducted activity) / N1 sink \ N1 sink
74-91% correct). Conclusions: Although CSD measures directly reflected valence and arousal properties of pleasant Odor (G Odor Detection Task - data were pooled across nostrils because of their blocked presentation order and to obtain more T
and unpleasant odors, there was no evidence of impaired olfactory/emotional processing in depression. Odor quality (valence) stable ERP/CSD waveforms (i.e., to improve the overall signal-to-noise ratio)
Vacuum | « CSDs submitted to unrestricted temporal principal components analysis (PCA) derived from
— Oda _CC:QCQF‘UQUO” eg“s_'l_t the covariance matrix [401 variables = stimulus-locked samples —250 to 1,750 ms; 12,740
lntroduction Mesocortical dopamine pathway Wimmdmgi « constant air flow (8 I/min) (araty) PO observations = Subjects (52) x Electrode Sites (49) x Conditions (5)], followed by Varimax rotation
« Prepirifrom cortex * heated to body temperature of covariance loadings (Kayser & Tenke,2003, 2006a,b)
- Given the overlap of cortical and limbic structures :Ezirf;:g;pcggenx]pus * > 80% relative humidity Dlgf'fgf‘flg’rffjo?f « PCA#1: eliminate “noise” factors and reassemble “filtered” CSD waveforms (cf. Tenke et al 2011)
involved in olfaction, emotion and depression, the oretiontal « Entorhinal cortex :ﬁ%?ggg’r?s(ﬁ:%e B pedal 0 nccate - PCA#2: identify and measure neuronal generator patterns underlying olfactory ERPs from T~ source P2 source
] ! ) ! 2 s odor presence i inh- i i i
study of olfaction may hold particular promise for cortex « blank (Ain Zn / mean!ngful, high-variance CSD factors corresponding t_o N1/P2 S|nk§ and sources
lucidati vsiologic dvsf . +200 ms (< 50 ms rise time) « submit factor scores to repeated measures ANOVA with group (patients, controls) and gender - P2 source
eluci f':ltlng ngurop ysio 0_9_'C ysS unctl.ons « 8 blocks (4 per nostril) of 20 trials (male, female) as between-subjects factors, and odor quality (H,S, CIT) and intensity (high, low) as
aSSO‘?'?‘te_d with abnqrmalltles of emotional Orbital Heinrich Burghart Elekiro- u. Feinmechanik GmbH « cued odor stimulation a within-subjects factor (hemisphere and site to reflect CSD topography)
react|V|ty In depressmn. prefrontal
« An fMRI study in healthy adults (Anderson et al 2003) rortex . . :
found distinct olfactory regions to be involved in Offactory bulb Odor Rati ngs Behavioral Data Surface Potentials : : . . . . : . : :
; Olfactory pathways : I y - .
orthogonal representations of odor valence y pathway OTf:.r(?t?)rr] o e N Fig. 5. Grand mean P_CA filtered CSDs for controls and patients corr?pgrlng HZS and CIT stimuli at 32 selec_ted sites (A) and at sites T7 and Pz also com_parlng odor intensity (B)
(orbitofrontal) and odor intensity (amygdala): Martzke et al 1997 pathway); CIT ’ / Pause et al 2003 \ A) Across odor quality and groups, CSD waveforms revealed distinct bilateral fronto-temporal N1 sinks — B) Compared to healthy adults, N1 sinks and P2 source appeared
ot cz —HiDpalisnis (approximate peak latencies 315 ms at T7) and mid-parietal P2 sources (620 ms at Pz), which were to be reduced in depressed patients, particularly for high intensity
prefrontal cortex A e accompanied by frontolateral sinks. stimuli.
Olfactory bulb - Y ‘ ’
Olfactory tract Isotl)'j;;aldehyde ] ] ]
| Wb CSD-PCA Factor Score Topographies Correlation Topographies
Amygdala M EN )
Pafahg)yprﬂgampa' Hippocampus PEA HpS CIT Fig. 8. Association between N1 sink (320) and P2
Vidbrai H,S N - source (735) and arousal or valence ratings. Pearson’s
\ ks S T y correlations were computed between individual ratings
_ _ _ [me] Controls and CSD amplitudes at each recording site, Fisher z-
o However, there h_as been rela_ltl\_/ely Ilttle_ study of olfactc_)ry_ function olfactory , | - transformed, averaged, and back-transformed to correla-
In depressed patients and existing studies have been limited by brain Controls Patients 390 tion coefficients. Although arousal ratings correlated with
ﬁCk of neulrzfz)lggysmbglc measures and methodological difficulties regions Intensity Fii g =34.3 p <.0001 / \ N1 sink over lateral-temporal sites in controls, and also
cf. Pause eta : Odor Fy g =421 p=.046 its accompanyin inferior-occipital sit
1 = 4 p=. | panying source over inferior-occipital sites, no
» The dependency of surface potentials on a recording reference location (e.g., nose, linked mastoids, _ _ _ _ —> Patients such correlations were seen for depressed patients (r
average) and the definition and measurement of appropriate ERP components (e.g., specific time Fig. 1. Mean (SEM) valence and arousal ratings (Likert | | Fig. 2. Mean (SEM) percentage of correct differed between groups at T7, p = 0.08; at T8, p = 0.05;
windows for peak or integral amplitudes) are two recurring problems in ERP research, which crucially scale 1-9; pooled across nostrils) for healthy controls | | responses (pooled across nostrils) revealed equal at Iz, p = 0.01). In contrast, both groups showed robust
affect component interpretation (e.g., polarity, topography, generator) and statistical analysis (e.g. and depressed patients. Whereas both groups rated | | performance for healthy controls and depressed N1 negative correlations between odor valence and the
Kayser & Tenke 2003; Tenke & Kayser 2005). CIT as pleasant and H,S as unpleasant, H,S stimuli | | patients. Across groups, high intensity odors were - broadly distributed P2 source, as well as robust positive
» These limitations can be overcome by combining reference-free current source density (CSD) were also rated as more arousing than CIT stimuli. | | more often correctly perceived than low intensity Controls correlations with its accompanying frontolateral sink
transformations and temporal principal components analysis (PCA) to identify relevant, data-driven However, for each odor, high intensity stimuli were | | odors. CIT revealed a slightly better performance activity, indicating that P2 source amplitude and
components (Kayser &Tenke 2006a,b). rated as more arousing than low intensity stimuli. than H,S. \ / 490 topography directly reflected odor valence.
Objecive ffin’ St -
: _ _ _ _ _ eferences Funding Source: NIMH grant MH082393 -
 replicate independent valence-by-intensity odor manipulation of Anderson et al (2003) sSniffin’ Sticks Anderson AK, Christoff K, Stappen I, Panitz D, Ghahremani DG, Glover Patients Summary and Conclusions
. ;Jse ICSD-PCA Spprolach to |dednt|fy.neduronal gednera_tor pattecir;ls ulnﬁerl)gnlg olfactory ERPs Threshold Identification BG,ketz_Ir(Z(\;\(/)B)aN?:tl;'Nel\L/ljrozcil. 6(2):&96-;05. 03 (96D, Arch. G Fig. 4. Grand average OERP waveforms for H,S and CIT stimuli (pooled across intensity . Depressed patients and hea|thy controls produced h|gh|y Comparab|e odor ratings’ detection
ec ) ar , enaeison , Erpbaug . Arcn. oen. i i i i _ i .
or pleasant and unpleasant odors In depressed patients and healthy adults - peychiatry 4561571 and groups) and _blank Air at all 49 sites using a linked-mastoids reference (TP9/10). performance, nasal chemosensory performance, and ERP/CSD Waveforms/topographles.
Nostril g /7 Kayser J, Tenke CE (2003). Clin. Neurophysiol. 114(12):2307-2325. Prominent deflections at about 350 ms (N1) and 600 ms (P2) at vertex (Cz) are * CSD component structure and topography were highly comparable for unpleasant (H,S) and
Norm Kayser J, Tenke CE (2006a). Clin. Neurophysiol. 117(2):348-368. comparable to previous OERP findings using similar odors of negative (IBA) and positive P e _p 9 p y 9 y_ P P 2
Partici pants l anser ‘3 Tl'enll(f CCEE (ZsIOfb). _CIin.DNeKurophysioI. éﬁ”?ﬁﬁ.?'?’%% e (PEA) valence (Pause et al 2003). Controls pleasant (CIT) odors, replicating intensity-dependent bilateral frontotemporal N1 sinks (~300 ms)
ayser J, lenke , vMalaspina D, Kroppmann , oCchaller , Deptula N . N . . .
A etal (2010). Psychophysiology 47(6):1075-1086. and mid-parietal P2 sources (~700 ms) preV|0l_JsI_y observed for H,S stimuli (Kayser et al 2010)..
DSM-IV Criteria Kobal © (1962). In: A Rothenberger (Ed,), Event-Related Potentials in CSD-PCA Factor Loadings 235 * A completely new finding is the close association of CSD amplitudes and topographies with
Children, Elsevier Bi ical Press, Amst , Pp. 455-461. C e : . oo
et Kobal G, Kiimek L. Wollensberger M. Gudziol H. Temmel A, Owen CM, et individual ratings of odor valence and arousal, suggesting distinct processes.
MDD (n =11 al (2000). Eur. Arch. Otorhinolaryngol. 257(4):205-211. _ _ _ * The di iation of N1 sink and ar lin r ients is in partial agreement with th
Dysthymia (n = 8) Martzke JS, Kopala LC, Good KP (1997). Biol. Psychiatry, 42(8):721-732. Fig. 6. Unrestricted PCA solution Patients e d SSO.C ation 0 > and arousa dep .eSS.ed patie t‘? S. partial agree e“t th the
MDD + Dyst. (n = 6) Oldfield RC (1971). Neuropsychologia 9(1):97-113. using olfactory CSD waveforms. hypothesis of Pause et al (2003) that odor perception in depression is abnormal on an “early
: : : : Pause BM, Raack N, Sojka B, Goder R, Aldenhoff JB, Ferstl R (2003). . The time courses of the factor sensorv” level
L Controls Patients Controls Patients Psychophysiology 40(2):209-225. Explained Variance : : i _ y_ ' _ _ _ _
wﬁr‘ﬂgg&‘;‘eﬁt?‘ﬁ - T Naea o f i Perrin F, Pernier J, Bertrand O, Echallier JF (1989). Electroencephalogr. 135 20 606 loadings ('j‘?'e”t'f'ed thr?ek faCtOfg _ o hoa e el o o » The findings do not provide evidence of an abnormal affective evaluation of pleasant (CIT) and
IR~ 1g. . asSal chemosensory periormance niffin’ Clin. Neuro-physiol. _72(2):184-187._ [1990 Corrigenda EEG 02274. 320 10.2% corresponaing to SINKS an Flg. /. Factor score topographies 1or healthy adults an epressed patients N : . . . I .
Sticks; Kobal et al 2000) revealed normal scores of left and EIEctroencephalogr. Clin. NI?UVODhysmrl]- 7§1|565] | 490  3.9% sources associated with the comparing unpleasant (H,S) and pleasant (CIT) odors of low and high unpleasant (HZS) odors or Impa:lred qlfactory ERPS to emotional S-tlmU“. n depr_eSS|on.
i right nostril odor thresholds and odor identification for Egkg %EE T(?;S‘S:JJ(Z&(;?])hg(':”E;g'eggifi és'gr'otlp%l;r)]f%zf'?c‘:gll o 1D olfactory N1/P2 complex (i.e., peak | | intensity. Whereas N1 sink (320) and the mid-frontal source (490) varied | |° However, the mdepgndent ma_n'pUIat'()n of valence an_d arousal dimensions using pleasant and
R A healthy controls and depressed patients. et al (2011). Biol. Psychiatry 70(4):388-394. loadings between 200 to 1000 ms). | | with odor intensity, P2 source (735) varied with odor quality (H,S > CIT). unpleasant odors did not achieve fully orthogonal ratings as reported by Anderson et al (2003).




