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Recent studies about the generation and propagation of
coordinated activity in cultured neuronal networks
reported the existence of privileged neurons that consis-
tently fire earlier than others at the onset of synchro-
nized bursting events (or network bursts, NB), which
have been termed major burst leaders (MBL) [1]. At the
same time, by stimulating the network from different

channels one can obtain very different responses, not
only in size and delay but also in the activation order of
the responding neurons [2].

We electrically stimulated rat cortical networks cultured
on micro-electrode arrays from different locations, either
MBL or non-MBL. We evaluated the intensity and the
delay of responses from either MBL or non-MBL and we

B 168 ms 120 ms
MBL 28 MBL 71
d1 OM di o51 .61 ()71 ‘1 '31 .41 61 061 .?1
d? 6'72 032 OGZ .52 ()62 .72 .172 .12 "'2 62 d? eZ 62 ‘2 ‘2
013 63 .33 :j'tﬁ .53 .63 03’3 .E] .13 ‘3 .33 .113 .53 .63 073 63
dd C§4 034 C)“ 054 .64 .74 .34 .14 ‘6 034 .dd C)Sd gd ‘A dd
dS dﬁ 035 C)dﬁ 055 C)GS OTEI .95 .15 ‘5 .35 .L‘Iﬁ 055 .65 ds 65
.15 6 .36 dﬁ 056 OGE .TG ()BE Oﬂi 65 OSE .46 65 OSSE .TE 65
.17 -27 -37 Od? .57 OG7 OT? .B? 17 .27 .37 .d'l .57 67’ d? £7
: N eSd ; Feeecde .
0 NB # 1000 ) .
C (250l Stim. elec. 28 o4ms Stim. elec. 71 raime
— 28 déddcded F e S N
T
O|2 d? C)32 042 052 ()62 d’i .82 d? C)ZZ C)BZ C)42 ()52 052 Q?Z ‘32
d3 6"3 033 C)ﬂ '53 C)E\S dS (333 013 C)Z.'! .33 043 .53 063 o?] OS!
(:)M C)Zd C)34 ()44 r54 064 d4 084 <)14 C)Zd O34 044 .54 054 074 C)B4
O‘S 65 0}55 C)45 055 C)Eﬁ d5 C)BG .15 :)25 035 045 C>55 065 075 C)ﬂS
Oﬂ:‘ d”ﬁ C)?’S d& 056 .ﬁG d’e C)BS O|6 C)ZG diﬁ ()46 .56 066 .j’é OBS
‘|7 '2278 .37 d? .57 C)BT .T? OB? .17 '27 .37 .47 .57 06? 077 Oﬂ?
" M N > 8 48 58 68 78 8 38 48 58 .68 78
3 5 = o o°e’e’ e : Fe'e e :
Time after stim. (ms)
Figure 1 A. Similarity matrix of activation order for 1000 spontaneous NB, ranked according to the MBL (indicated by numbers). Two
distinct propagation patterns are visible. B. Color maps of average delays of followers with respect to either MBL spontaneous activation (upper
panels) or external stimulation (lower panels). Spontaneous NB starting from 28 propagate rightward, whereas NB from 71 go leftward. NB
evoked by stimulation of the same channels follow a similar pattern, although on a different timescale. C. Network average PSTH (for 28 and 71).
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also compared the spontaneous and the evoked activation
patterns.

By comparing the responses obtained by stimulating
either MBL or non-MBL, we found that the stimulation
from MBL induces on average earlier responses. By com-
paring the responses of MBL and non-MBL, we found
that MBL respond better and more rapidly to the stimula-
tion coming from any other site in the network. Some net-
works showed different spontaneous propagation patterns
within synchronized bursts depending on the identity of
the corresponding MBL (Figure 1). In these cases the
evoked propagation patterns correlate with the sponta-
neous ones and also depend on the spatial location of the
stimulating site with respect to MBL.

To summarize, we demonstrated that MBLs do not
only drive the propagation of coordinated spontaneous
activations, but also play a special role in coordinating
and driving the evoked bursts of activity.
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