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Introduction

Organophosphate (OP) poisoning often leads to status epilepticus (SE), a medical emergency.
Often, the seizures associated with status epilepticus gradually become pharmacoresistant.
Few if any studies have been undertaken on immature animals as models of OP-induced SE in
the pediatric population, even though the immature brain is likely to respond differently to OPs
than the adult. In addition, the optimal therapies for the pediatric population may well be
different than for adults. Our ongoing work supported by this contract has shown that postnatal
day 7 (P7) rat pups did not show clear, readily discernable electrographic or behavioral
seizures.

One possibility is that OP-induced seizures are not generalized in the immature animals, and
thus a EEG system with only 1 or 2 channels (as used in our experiments) is inadequate for
detecting seizures in the P7 and P14 pups. Furthermore, even in cases where DFP (a
cholinergic OP compound) induced abnormal electrical activity in P7 rat pups, the EEG patterns
did not appear to be clear seizures, as might be expected based on previous published
research concerning administration of other more traditional chemoconvulsive compounds, such
as kainic acid (KA). Therefore, it is unclear which of the following possibilities is true: (1) OP’s
(i.e., DFP) do or do not induce electrographic and/or behavioral seizures in immature animals,
(2) DFP-induced seizure activity is present in the immature brain, but with atypical waveforms,
and thus not recognized as seizure activity, or (3) DFP-induced seizures are more focal than
with adult animals, and thus not detected when only one or two electrodes are used. To explore
solutions to these problems as we attempt to develop animal models of OP-induced seizures
and brain damage in the pediatric population, we performed additional experiments.

Statement of Work — this section is the original SOW for the 2014-2016 contract

1. To determine whether DFP induced seizures that were focal in nature and thus
possibly not detected with one or two recording channels, we (i.e., Epitel, Inc.)
developed a six-channel recording system that would cover a greater proportion of
the immature rodent brain. Thus, we tested the efficacy of a six-channel transmitter
in recording different regions on the brain surface of a P7 rat pup.

2. Toinsure that our failure to detect DFP-induced seizures in the P7 and P14 age
range, we tested whether the glutamate-receptor agonist, kainate (KA), could evoke
electrographic seizures in a P7 rat pup.

Body

1. Our data from 2012-2014 (see final report for W81XWH-12-2-0122) suggested that P7
and P14 rat pups generated very few if any DFP-induced seizures. Since we previously
used one- or two-channel transmitters, it was possible that seizures were not fully
generalized and were occurring at other sites at a distance from the electrodes. We
recently took advantage of a prototype, six-channel, wireless transmitter available from
Epitel, Inc. for alpha testing. We found that the transmitter recorded EEG activity with
very little noise from a P7 pup (Figure 1). Furthermore, due to the small size of this



device, the pup tolerated the transmitter even better than the previous two-channel
transmitter, and we were able to record from P6 up to P15 (Figure 2). The recordings
across this age range also appeared to show a discernable increase in baseline activity,
which is a classical finding concerning the effects of increasing maturity on baseline
EEG across this age range. These studies highlight the potential utility of the new six-
channel transmitter for future use in rat pups as young as P6. In the future, this
transmitter system will allows us to detect heterogeneity in electrographic seizures as a
function of location in the immature rat brain.
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Figure 1. A 6 channel recording of a P6 rat pup.
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Figure 2. Record from a P7 rat pup over 11 days. The figure shows 1 channel from a 6 channel transmitter over the course of 11 days.

2. Because the cholinergic system in a week-old rat pup contains only about 30% of the
M1 acetylcholine receptor, which is linked to seizure induction (Lee et al., 1990;
Hamilton, et al., 1997), it is possible that seizure initiation in P7 rat pups is difficult to
achieve using DFP, which has a cholinergic mechanism of action. To test if a
chemoconvulsant with a glutamatergic mechanism might evoke electrographic seizures,
we treated P7 rat pups with KA and recorded EEG activity via a two-channel transmitter.
Figure 3 shows EEG activity after vehicle treatment, where spike-like events were
present before and after vehicle treatment, but no injection-dependent increase in EEG
activity was observed. Figure 4 shows the effect of KA treatment on EEG activity.
Although KA administration appeared to cause increased EEG spike activity, there was
a lack of rhythmicity in the EEG record, which is a hallmark of typical seizure activity.
Therefore, while KA appeared to increase the overall activity of the brain, it was unclear
whether this was true seizure activity. Additional experiments are required to compare
KA-induced activity across different ages with our data on DFP.
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Figure 3 Recording of P7 rat pup before (A) and after (B, C) administration of saline vehicle.

0.5mVv

15 min

1\' ™

il M -

I1

5 sec




Kainate A

1.5mVv

B 15 min

I | 1 min

|

1 |l Il |

| 15'”1 I .-.'ll [ | "lj i \
B ¢ | ,J“ |I'l_sllnlll‘_ll'\.dl_'.,llwn‘u"f':‘ "%“M"‘rl'.lr']tﬂ'-k ﬁk’l.“mv :Hb-l' ; mh
|

ot g Ll
WLt Irl | l“ '-.l_.’ ]'||‘| it ]l‘f; |1]r L ! 1 |h|U*‘|J|lﬁ" -|||I ,I |_,l,, )
‘.ﬁ' ') vv |"| 1 ﬁu}Il ! 1L|([JI‘L|[ T |, ‘ﬁf *r l’l|1'-|f/|l \ ' Idllﬁ L’I 'l "‘,PL* "'Mq"a L1|'Jﬂmw\hl'r '1| il '||| vy A|| i~

5 sec

Figure 4. Recording of P7 rat pup before (A) and after (B, C) administration of 0.1 mg/kg KA.

Key Research Accomplishments

e Validated the use of a 6-channel transmitter device for P7 rat pups for future examination of
possible focal origin of EEG seizure activity
e Tested the ability of KA to elicit electrographic seizure activity in P7 rats

Reportable OQutcomes

No data has been presented to this time.

Conclusion

The 6-channel recordings highlight the potential utility of the new transmitter for future use in rat
pups as young as P6. In the future, this transmitter system will allows us to detect heterogeneity
in electrographic seizures as a function of location in the immature rat brain. Our attempts to
induce electrographic seizure activity in P7 rats using KA were inconclusive. While it appeared
to increase the overall activity of the brain, it was unclear whether this was true seizure activity.
Additional experiments are required to compare KA-induced activity across different ages with
our data on DFP.
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