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Abstract

The location and extension of a convuisive area in the brain stem in cats was determined through penicillin
nucroinjecttons (0.5-1.0 ul) of a concentrated sodium penicillin solution (500 IU/ul), stercotactically onented 1o
multiple structures, in fulty awake animals, partially restrained through a rod fixaton system that avoided pain,
allowed the observation of clinical seizures and simultaneous recording of EEG, EMG and multiple unit activity
(MUA) from the injected site and the motor cortex (Cx). Clinical and EEG seizure patterns in reiation to the injected
sites and penicillin dose« were studied in another group of animals using doses from [2.5 1U/0.1ul to 125 1U/1.0 pl.
The time relationship &~ ween muscular clonus, EEG spikes and MUA at the injected site and Cx were analyzed. The
only area in which penicillin induced seizures was the mes<ncephalic tegmentum (MT). The amount of penicillin but
not the setereotactic coordinates determined the seizure type. MT EEG and MUA paroxysms anticipated clinical
seizure and Cx EEG spikes. wnen Cx EEG appeared, they were accompanied by an increase in MUA beginning in
the Cx and EMG, followed by significant increase in MT MUA. The sequence of events suggest that MT saizure
activity propagates via aiternative pathways not involving direct reticulospinal or pyramudaj tract pathways. © 1999
Elsevier Science B.V. All rights reserved.

Aevwords: Brain stem: EEG: Multiple umt recording: Penicillin; Reticular formation: Seizure pattern

1. Introduction Velasco and Velasco. 1990).

From those observaucns a number of contro-

Experimental data has provided evidence of the
participation of the brain stem in the genests and
srorvagation of convuisive activity (for review, see
fromm et al, 1987; Gale and Browning. 198§:

SECRETARIA OE SALUD
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versies have been raised in regard to: (1} the
anatomical structures involved in the genesis of
setzures; (2) the clinical type of seizures induced 1n
the brain stern; and (3} the possible mechanisms
bv which epilepuic activity ‘ongnated’ in the brain
stem propagates to the forebrain. spinal cord and
muscies
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Abstract

The location and extension of a convulsive area in the brain stem in cats was determined through penicillin
mucroinjections (0.5~1.0 ul) of a concentrated sodium penicillin solution (500 IU/ul), stereotacticaily onented to
multiple structures, in fully awake animals, partially restrained through a rod fixation system that avoided pain,
allowed the observation of clinical seizures and simultaneous recording of EEG, EMG and multiple unit actvity
(MUA) from the injected site and the motor cortex {Cx). Clinical and EEG seizure patterns in relation to the injected
sites and penicillin doses were studied in another group of animals using doses from [2.5 IU/C.1u to 125 [U/1.0 ul.
The tme relationship o ween muscular clonus, EEG spikes and MUA at the injected site and Cx were analyzed. The
only area in which pemcillin induced seizures was the meszacephalic tegmentum (MT). The amount of penicillin but
not the setereotactic coordin:.tes determined the seizure type. MT EEG and MUA paroxysms anticipated clinical
seizure and Cx EEG spikes. Wnen Cx EEG appeared, they were accompanied by an increase in MUA beginning in
the Cx and EMGQG. followed by significant increase in MT MUA. The sequence of events sugges: that MT szaizure
activity propagates via alternative pathways not involving direct reticulospinal or pyramidaj tract pathways. © 1999
Elsevier Science B.V. All rights reserved.

Aevwords: Brain stem: EEG: Multiple unit recording: Peniciliin; Reticular formation; Seizure pattern

1. Introduction Velasco and Velasco. 1990).
_ . . From those observations a2 number of contro-
Experimental data has provided evidence of the versies have been raised in regard to; (1) the

participation of the brain stem in the genesis and
srorvagation of convulsive activity (for review, see
Fromm et al., 1987. Gale and Browning. 1988.

anatomnical structures involved 1n the genesis of
seizures; (2) the chnical type of seizures induced in
the brain stem: and (3) the possible mechansms

SEGRETARIA DE SALUD bv which epileptic activity *onginated’ in the brain
* Corresponding authog[ERITA-CERERALBE MERIRE. ~ 52« stem propagates to the forebrain. spinal cord and
1160393 CRGANISI0 DISCENTRALIZADO muscles.

—

DIRFCCION Dt EASERANZA



1ISCTipts:/scod/jops2 /ELSEVIER/epr/week .29/ Peprl221.0CC Wed Auvg 11 12:23:1- °

z F. Jumenes et al, / Epriepsy Research 000 (1999) 000-000

Discrepancies are probably related to the meth-
ods used to induce seizure. as many observauons
were made using systemic convulsants (PTZ. peni-
cillin, bicuculline, maximal electroshock seizure or
MES. etc.) or by topical applications designed so
that the convuisant may reach several structures
simultaneousty (pledgets, push pull perfusion,
powder. large volume of 'soiution. etc.). rendenng
the correlation of the anatomical site with the
effect obtained practically 1mpossible. On the
other hand, many observations have been made in
anesthetized or paralized preparation allowing
EEG and unitary or multiunit activiey (M UA)
recordings but certainly interfering in the correla-
tion of such recordings with clinical events. Fi-
nally, many of the conwvuisant methods have a
poorly defined action mechanism (electrical stimu-
lation, MES, cobalt, aluminum hydroxide, etc.) or
have been used in amounts and concentrations
that cast doubts on their possible diffusion and
the participation of other physiological vanables
(pH, osmolarity, electrolytic content, etc.) in the
epileptic event studied.

Sodium peniciilin (NaPC) is a convulsant with
well defined intraceflular (Ayala and Vasconsetto,
1970; Wong and Prince, 1979), topical (Pock-
berger et al., 1984; Chatt and Ebersole, 1988) and
propagated (Crowell. 1970; Gloor et al., 1977;
Redecker et al,, 1984; Hom and Gehring, 1996)
mechanism, and maybe prepared in stable,
buffered solutions approaching interstitial fluid
constants.

The present study describes the effects of NaPC
mmjected 1n small voiumes of a soluuon resembling
the interstitia! fluid in pH. osmolanty and sodium
content within the brain stem of awake cats,
partially restrained to allow EEG and MUA
recordings during seizures and at the same time
the observatton of the clinical events elicited. Spe-
cial attention was paid to the identification of the
injected sites.

2. Material and methods
Twenty-five adult cats weighting 2.8 © 3.6 kg

were used for the expeniments. All had an intual
-urgery under general anesthesia with intraper:-

toneal sodium penthotal (20 mg/kg) for imptant-
ing a stereotactically onented l6-gauge cannulz
gutde, 0.5 cm short of the intended target to inject
penicillin solution into the brain stem. as well as a
45° angled cannula convergent to the previous
target to allow the passage of a microelectrode for
recording EEG and muitiple unit activity (MUA)
of the injected area. Burr holes were performed 1o
allow placement of siiver balls for EEG record-
ings from night and left suprasyivian cortices (RSS
and LSS) and left anterior sigmoid gyrus (LAS)
and a craniotomy window over the right anierior
sigmoid (RAS) gyrus to allow passage of a mi-
croelectrode for MUA and EEG recordings of the
subjacent cortex (Cx) was also performed. Stain-
less steel wires isolated but 3 mm from their ups
were inserted in the posterior neck muscles on
both sides to record EMG. A screw drilled on the
frontal bone served as reference lead to all record-
ings, and all recording electrodes were wired to a
connector (Armphenol). The connector, cannulas
and a pair of rods placed anteriorly and posteri-
orly on the skull to replace the head in the
stereotactic frame for future experiments without
inducing pain in an awake animal (Rod fixation
systern by Kopf Inst, Tujuma, CA) were cemented
to a plastic skull cap.

The animals were left to recover, and one week
later their heads were replaced in the stereotactc
frame, using the rod system and maintaining the
body inside a transparent plastic cage that al-
lowed the follow up of the animal's behavior. with
an exit for the neck to restrict motion and avoid
excessive traction on the rod fixauon system.

2.1, Injections of supramaximal doses of penicitli:

Fourteen animals were used to determine the
location and extension of the convulsive areas 1n
the brain stem. in those animals. 32 target poimnt:
along the brain stem were injected on the nght
side with a solution contaimng 500 Ul Na pen:-
cillin/ui (850 mM, pH 6.8 10 7.2. 484 mEq Na/L,
at a rate of 0.1 ul/3s while EEG from RAS, LAS.
RSS and LSS as well as EMG-MUA from righ:
and left postenor neck muscies were recorded. A
careful ume lock chart of the amimals behavier
was kept titrroughout the expenment. Thne soluucr
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Discrepancies are probably related to the meth-
ods used to induce seizure, as many observations
were made using systemic convulsants (PTZ. pent-
cillin. bicuculiine, maximal electroshock seizure or
MES, etc.) or by topicai applications designed so
that the convuisant may reach several structures
simultaneously (pledgets, push pull perfusion,
powder. large volume of solution. etc.). rendering
the correlation of the anatomical site with the
effect obtained practically tmpossible. On the
other hand, many observations have been made in
anesthetized or paralized preparation allowing
EEG and unitary or multiunit actisoty (M UA)
recordings but certainly interfering in the correla-
tion of such recordings with clinical events. Fi-
nally, many of the convulsant methods have a
poorly defined action mechanism (electrical stimu-
Jation. MES, cobalt, aluminum hydroxide, etc.) or
have been used in amounts and concentrations
that cast doubts on their possible diffusion and
the participation of other physioiogical vanables
(pH. osmolarity, electrolytic content, etc.) in the
epileptic event studied.

Sodium penicillin (NaPC) is a convulsant with
well defined intracellular (Ayala and Vasconsetto,
1970; Wong and Prince, 1979), topical (Pock-
berger et al., 1984; Chatt and Ebersole, 1988) and
propagated (Crowell. 1970; Gloor et al.. 1977;
Redecker et al.,, 1984; Horn and Gehring, 1996)
mechanism, and maybe prepared in stable,
buffered solutions approaching interstitial fluid
constants.

The present study describes the effects of NaPC
injected 1n small volumes of a solution resembling
the interstitial fluid in pH, osmolanty and sodium
content within the brain stem of awake cats,
partially restrained to allow EEG and MUA
recordings during seizures and at the same time
the observation of the clinical events eiicited. Spe-
cial artention was paid to the identification of the
injected sites.

2. Material and methods
Twenty-five adult cats weighung 2.8 1o 3.6 ke

vere used for the experimenis. All had an imtial
-urgery under general anesthesia with intraperi-

toneal sodium penthotal (20 mg/kg) for 1mpiant-
ing a stereotactically onented l6-gauge cannulz
guide, 0.5 cm short of the intended target 1o inject
peniciliin solution into the brain stem, as weli as a
45° angled cannuia convergen: to the previous
target to aliow the passage of a2 microeiectrode for
recording EEG and muluple unit activity (MUA)
of the injected area. Burr holes were performed to
allow placement of silver balls for EEG recerd-
ings from right and left suprasvivian cortices (RSS
and LSS) and left antenor sigmoid gyrus (LAS)
and a craniotomy window over the right antenor
sigmoid (RAS) gyrus to allow passage of a2 mi-
croelectrode for MUA and EEG recordings of the
subjacent cortex (Cx) was also performed. Stain-
less steel wires isolated but 3 mm from their tips
were inserted in the posterior neck muscles on
both sides to record EMG. A screw drilled on the
frontal bone served as reference lead to ali record-
ings, and all recording electrodes were wired to a
connector {Amphenol). The connector, cannulas
and a pair of rods placed anteriorly and posteri-
orly on the skull to replace the head in the
stereotactic frame for future experiments without
inducing pain in an awake animal (Rod fixaton
system by Kopf Inst, Tujuma, CA) were cemented
to a plastic skull cap.

The anmimals were left to recover. and one week
later their heads were replaced in the stereotactc
frame, using the rod system and maintaining the
body inside a transparent plastic cage that ai-
lowed the follow up of the animal’s behavior. with
an exit for the neck to restrict mouon and avoid
excessive traction on the rod fixation system.

2.1. Infections of supramaximal doses of pemicillir

Fourteen animals were used to determine the
locatien and extension of the convuisive areas n
the brain stem. In those animals. 32 target pomnt:
along the brain stem were injected on the nght
side with a sclution containing 500 Ul Na peni-
cillin/ul (850 mM, pH 6.8 to 7.2, 484 mEq Na 'L
at a rate of 0.1 ul/5s while EEG from RAS. LAS.
RSS and LSS as well as EMG-MUA from nigh:
and left postenor neck muscies were recorded. A
careful ume lock chan of the amimal's behavior
was kept throughout the expeniment. The solutien

s AP a2 3 /N "Pageg g B S PER B L EE R s

Wed Aug 11 13:25:1- 1



pr6:/sc04/)0ps2/ELSEVIER/epr/weer . 29/Peprl1321.0C2

W -y

Wed Aug 1. 13:23:1

($3]

F. dumenez el al. # Epuepsv Research 000 (1999) 000-000

s injected by means of a Hamilton synnge
amijton Co, Reno. NV) beginning with 0.5 pl
50 JU NaPC) and increasing 0.5 ul every 30 min
til a convulsive effect was observed or a maxi-
im of 2.0pl (1000 NaPC) were injected 1n each
get point. At the end of the expenmental ses-
n. the site of injection was marked with 10%
ver nitrate, injecting a volume similar of that of
 peniciilin solution used during the expenment,
determine the precise area covered by the injec-
n. Animals used for more than one tnjection
d an interval of 4 to § days between injections
nng which EEG and clinical observatuons did
t show residual effects.

. Dose~response curves

Once the convulsive area for peniciliin injection
the brain stem was determined (see results), 11
imals were used to determine the convulsive
eshold for penicillin, the pharmacological dose
ponse curves and the relationship between the
ferent type of convuisive effects induced with
: amount of penicillin injected and the precise
reotactic coordinates of the injections within
. cunvulsive area.

Animals were prepared as described above,
ding recordings of EEG and MUA from the
ected place and ipsilateral anterior sigmoid
rus. MUA recordings were performed through
ipolar concentric stainless steel electrode, made
m a 25 gauge cannula, isolated but at a distal
g of 2 mm and a inside wire isolated but at the
that was electrolytically sharpened to a size of
-80 u (40 Kilohms of impedance). Recordings
re amplified and filtered though a 3000 H:z
ndpass filter coupied with a stair cage generator
d audiomonitor. Through a Smith tngger
JA over 100% background noise were selected
1 counted by means of the stairs cage genera-
. Each reset represented the count of 25 of the
bcted units (Velasco et al.. 1975). Signal from
EMG recording was analvzed 1n the same
nners as MUA.

n these animals. penicillin solution imected was
usted to approach physiologicai parameters
S mM. 272 mOsm.l, pH 6.% 10 7.2 and Na
wtent of 150 mEq 1. The solution contained |2

IU of penicillin/ul and was injected 1n volumes of
0.1 pl (12.5 TU) at the same rate of 0.1 ul3s
repeated every [0-min until a convulsive effect
was obtained or a maximum of 1.0 pl (125 IU)
was injected. The place of injection was marked
with silver nitrate as previously descnibed.

The relationship between the injected site deter-
mined by their stereotactic coordinates (AP. lat-
eral and height) and the sewzure type obtained
(focal motor, myocionic tonic and tonic clonic)
was statistically evaluated obtaining a mean value
for each stereotactic coordinate in mm for each
one of the seizure patterns and using Friedman
test (F-test) to determine differences in mean val-
ues between different seizure patterns. Student
7-test served to determine the significance of dif-
ferences in the position of injection in the three
coordinates that induced a given seizure pattern in
regard to the coordinates of injections that gave
other seizure patterns. Relationships of NaPC
dose (in IU) with different clinical and EEG
seizures were evaluated through Student r-test,

Determination of ED 50 for generalized tonic-
clonic seizure (GTC) and dose response curve
were performed with observations made using the
different concentration of sodium penicillin in all
25 animals.

2.3. EEG, EMG and MUA relationships

When EEG, MUA and EMG p:roxysmal dis-
charges were not evidently time locked they will
be only described in results. When they appeared
ume locked temporal relatonship between the
cortical EEG spike with the increments and decre-
ments of MUA at the cerebral cortex (Cx MUA).
brain stem convulsive area (MT-MUA) and EMG
(EMG-MUAY) were analyzed.

The increments and decrements of MUA were
determined 1n relation to the apex of the EEG
spike while the poiygraphic recording was speeded
at 50 mm/s. Increments or decrements in MUA
occurnng every 100 ms were quantified along 1 s.
starting 500 ms before the apex of the EEG spike
Sigmficance of changes was determined through &
Student r-tes:

At the end of the expeniments ammal were
sacrinced by a lethal dose ot penthobarbuzal and

A
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their brains perfussed through intracarotid injec-
tion of 10% buffered formatdehide. The injected
sites were examined in 10 u thick section stamned
with Luxol-fast biue.

3. Results
3.1. Location and extension of the convuisive area

A total of 36 injections using penicillin sclution
300 Ul/ul were performed in 12 different targets
along the brain stem of 14 cats. All injected sites
were identified in histological sections. At the
mesencephalon they included: Mesencephalic teg-
mentum (MT) (from A =1.0t03.5. L=151t03.5
and H= 42.0to — 4.0) covering mostly the area
of the mesencephalic reticular formauon (MRF)
and surrounding tegmentum dorsal and lateral to
the red nucleus (n = 10); the pes peduncule includ-
ing substantia nigra (SN) and cerebral peduncule
(n=13) and tectal area in the medial geniculate
body, superior and inferior colliculi and periaque-
ductal gray (n = 4), In the pons and medulla they
included the pontine reticular formation (magno-
cellular nucleus) (n=7), raphe nucleus (n=23),
superior cerebeliar peduncule (n=2), facial nu-
cleus (n = 1), vestibular nucieus (n = 1) and bulbar
reticular formation (BRF) (n=3).

Nine out of ten injections in MT induced clini-
cal and EEG seizures with amounts between 250-
500 U (mean 428 I1)). Seizure started 7.3/2.6 min
atter mjection as a focal contralateral mvoctonus.
evoiving 1o generalized myocionus in all. associ-
ated to generalized spikes or polyspikes EEG
compiexes and seven cases ended with repeated
generajized tonic clonic (GTC) clinical and EEG
seizures. None of the injecuions outside MT in-
auced seizures even when the total dose injected
reached 1000 IU of penicillin. Eight out of ten
mtections in PRF and BRF induced EEG syn-
chronization with persistent spindle bursts associ-
ated with sleep In animals otherwise reactive and
3 injections in the raphe nucleus induced sieep.
'n one case associated 10 the whole ciinical. EEG
and EMG picture of REM sieep. Injecuions in the
vestibular nuclet tnduced 1onic contraction in ex-
tension of the four extremiues and in the rtacia

F. Jimene: et al. / Epuepsv Research 000 (1999} 000-000

nerve tonic facial tpsilateral contraction and saii-
vation. neither one associated to any EEG parox-
ysmal discharges. The rest of the injections did
not elicited detectable effects (Fig. 1)

3.2. Clinical and EEG seizure patterns in relation
1o penicillin dose and imjected site.

Injection of sodium penicillin sojution 82.5 mM
(272 mOsm, 125 TU pl)} was performed in I2
targets within the previously defined convuisive
area. Injections started at 12.5 U (0.1 ul) and
were progressively increased 0.1 pl every 10 mn
ur il GTC were obtained or a maximun of 1.0 ul
{125 IU) were injected. All injections induced a
contralateral facial myoclonus and EEG spikes
more promineat in the ipsilateral Cx. As injec-
tons proceeded 10/12 umes facial myoclonus ex-
tended to contralateral limbs, more prominent in
the anterior limb and generalized myoclonus ac-
companied by generalized spikes or polyspikes: in
7/12 a generalized tonic clinicai and EEG seizure
developed; finally, in 6/12 injections a GTC clini-
cal and EEG convulsion developed. The amount
of penicillin necessary to induce the different clin-
ical seizure patterns was significantly larger for
contralateral myoclonus (P> 0.02), generalized
myoclonus, tonic and GTC (P < 0.001) than for
facial myoclonus. There were also significant dif-
ferences between - =ralized myocionus and tonic
seizure (P <0.05) and GTC (P «0.002). DE 30
for GTC seizures was 126 IU. The amount of
penicillin necessary to tnduce EEG 1sclated spikes
was significantly lower than for tomic (P < G.01.
or GTC (P <0.001) EEG paroxysms. (Table |
and Figs. 2 and 3). None of the seterotactic
coordinates (AP, lateral and height) correlated
with any particular type of clinical or EEG
pattern.

It was remarkable that clinical facial mvocionus
preceded by seconds or minutes the onset of Cx
EEG spikes.

3.3 Chnical. EEG. and EMG relationships
Focal EEG spikes and paroxvsmal increase o

MUA 1in MT were the first events to appear atier
miection of NaPC. they progressivelv increased

e e i % o oa - e e a o= P a A am 4 & B » &b &

Wed Aug 11 13:025:1% 19§9°



>Ci1pté:/Scod/jobs2/ELSEVIER/esr/weex.29/Pepr1322.0064

4 F. Jumene: et al. / Epuepsv Kesearch 000 (1999} 000-000

their brains perfussed through intracarotid injec-
tion of 10% buffered formaldehide. The injected
sites were examined in 10 p thick section stained
with Luxol-fast biue.

3. Results
3.1. Location and extension of the convulsive area

A total of 36 injections using penicillin solution
300 Ul/ul were performed in 12 different targets
along the brain stern of 14 cats. All injected sites
were identified in histological sections. At the
mesencephalon they inciuded: Mesencephalic teg-
mentum (MT) (from 4 =1.0to 3.5, L=1.5t0 3.5
and A= + 2.0 to —4.0) covering mostly the area
of the mesencephalic reticular formation (MRF)
and surrounding tegmentum dorsal and lateral to
the red nucleus (n = 10); the pes peduncule includ-
ing substantia nigra (SN) and cerebral peduncule
(n=13) and tecta] area in the medial geniculate
body, superior and inferior collicuii and periaque-
ductal gray (n=4). In the pons and medulla they
included the pontine reticular formation (magno-
ceilular nucleus) (n=7), raphe nucleus (n=135),
superior cerebellar peduncule (7 =2), facial nu-
cleus (n= 1), vestibular nucleus (» = 1) and bulbar
reticular formation (BRF) (n = 3).

Nine out of ten injections in MT induced clini-
cal and EEG seizures with amounts between 250-
300 U (mean 428 IU). Seizure started 7.3/2.6 min
atter mjection as a focal contralateral myocionus.
evoiving 10 generalized myocionus n all. assoc-
ated to generalized spikes or polyspikes EEG
complexes and seven cases ended with repeated
generalized tonic clonic (GTC) clinical and EEG
seizures. None of the imjecuons outside MT in-
auced seizures even when the total dose injected
reached 1000 IU of peniciliin. Eight out of ten
miections in PRF and BRF induced EEG syn-
chronization with persistent spindle bursts associ-
ated with sleep in animals otherwise reactive and
3 injections in the raphe nucleus induced sleep.
0 one case associated to the whole ciinical, EEG
and EMG picture of REM sleep. Injecuons in the
vestibular nuclet induced tonic contracuon in ex-

tension of the four extremiues and in the racial

]
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nerve tonic facial ipsilateral contracuon and sah-
vation, neither one associated to any EEG parox-
ysmal discharges. The rest of the impections did
not elicited detectabie effects (Fig. 1)

3.2. Clinical and EEG seizure patterns in relation
to peniciliin dose and injected site.

Injection of sodium peniciliin solution 82.5 mM
(272 mOsm, 125 IU ul) was pertormed in 12
targets within the previousiy defined convulsive
area. Injections started at 12.5 U (0.1 pl) and
were progressively increased 0.1 pi every 10 mun
ur1l GTC were obtained or a maximun of 1.0 pl
(125 IU) were injected. All injections induced a
contralateral faciai myoclonus and EEG spikes
more prominent in the ipsilateral Cx. As injec-
tons proceeded 10/12 umes facial myocionus ex-
tended to contralateral limbs, more prominent in
the anterior limb and generalized myoclonus ac-
companied by generaiized spikes or polyspikes: in
7/12 a generalized tonic clinical and EEG seizure
developed; finally, in 6/12 injections a GTC clini-
cal and EEG convulsion developed. The amount
of penicillin necessary to induce the different clin-
ical seizure patterns was significantly larger for
contralateral myoclonus (P> 0.02), generalized
myoclonus, tonic and GTC (P < 0.001) than for
facial myoclonus. There were also significant dif-
ferences between ;- =ralized myoclonus and tonic
seizure (P < 0.05) and GTC (P < 0.002). DE 30
for GTC seizures was 126 IU. The amount of
penicillin necessary to induce EEG isolated spikes
was significantly lower than for tonic (P <0.01,
or GTC (P<0.001) EEG paroxysms. (Table 1!
and Figs. 2 and 3). None of the seterotactic
coordinates (AP, lateral and height) correlated
with any particular type of clinical or EEG
pattern.

It was remarkable that chinicat facial mvoclonus
preceded by seconds or minutes the onset of Cx
EEG spikes.

3.3 Chnical, EEG. and EMG reiationships
Focal EEG spikes and paroxvsmal increase o

MUA 1in MT were the first evenis to appear attsr
miection of NaPC. they progressively increased
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Fig. 1. Diagrams of coronal sections of the cats brain stem from A = 3.0 to P = 6.5 aken from the stereotactic atlas by Sniuder and
Niemer (1961), showming the injected sites wath high concentrated penicilsn solutuon (big filled and clear dois} and low concentrated
soiution {small dots). All tnjection but one within the mesencephalic tegmentum ehcited some patiern of ciimcal and EEG sewzure:
(filled dots), whereas none outside this area induced clinical and EEG seizures (clear dots). Abbreviauons: BRF, buibar reticula-
tormation: CGM, medial geniculate bedy: CF. cerebrai peduncle. CT. trapezoid body: I1C. infertor collicuius; LM, medial lemniscus.
MRF, mesencephaiic retic. ar formauon; NCT. nucleus trapezoid body; NIP, nucieus interpeduncularis: NO, nucleus ohvaris: NR.
raphe nucleush, NV, vestibuiar nucieus; NV, tngermunal nucleus: PAG, penagueductal gray: PCS, supenor cerebeliar peduncule: RN,
red nucieus; SC, superior cothicuius; SN, substantia mgra. In the left upper comner a microphotograph of a coiorant mark using 0 %
ui 1s presented to give an idea of the diffusion along the needle tract of the injected soluuon.

and were accompanied by chnical and EMG focal
myoclonus, before any paroxysmal activity ap-
peared 1n the motor Cx. Increments in MUA 1n
MT and EMG did not correlated in ume with MT
EEG spikes (Fig. 4).

When Cx EEG spikes appeared. paroxysmal
discharges 1n MUA at Cx, and EMG becamy
svnchronic with the EEG spikes. In orger t.
determine the precise time relanonship perwesn

these events, EEG individual spikes were anaivzed
in relation to MUA tncrements in different struc-
tures. Taking the apex or cortical EEG spike as
tume ‘0°. 1t was observed that Cx-MUA had 2
significant increase 200 ms before the apex. ac-
companied by a progressive increase in EMG-
MUA. Increments in MT-MUA occurred at ume
‘0" and accompanied by rurther increase in EM G-
MUA and decrease in Cx-MUA (Fig. 5)/

RS
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Table |

Summatizes the observation (n = 12) when injecting §2.5 mM NaPC*

Sewzure type Number of Range of peniciliin dose in intemational units (IU) X SE P<

events

Facial myocionus 12 12.5-35.0 19.4 2 -

Contralateral my- 10 25.0-50.0 38.5 7.8 0.018
oclonus

Generalized myocionus 10 25.0-100.0 54.2 9 0.001

Generalized tonic 7 35.0-125.0 94.1 183 0.000!

Generalized tonic. 6 62.5-125.0 117.5 148 0.0001
clonic

Egg pattern

Isolated spikes 9 12.5-87.5 33 82 -

Polyspikes 10 25.0-87.5 57 88 NS

Tonic 8 25.0-125.0 91.7 175  0.001

Tonic-cionic 7 87.5-125 108.] 156 0.0001

*In ail instances, facial myoclonus and isclated EEG spikes and/or polyspikes were induced. S:nce the maximal volume of
penicillin was 1.0 ul (125 TU} only half of the injections were followed by GTC convuisions. The mean values of the amount of
peaicillin injected inducing different clinical and EEG patterns are preseated and one may observe that they were significantly lower
for facial myocionus and isolated spikes that for other ciinical and EEG patterns.

4. Discussion

4.1. Anatomical location of the convulsive area

One limitation of the present study is the lack
of control on the diffusion of NaPC away form
the injected site as well as the possibility of back
reflux along the needle tract. However, spreading
to neighbor structures as a cause of the convulsive
effect is unlikely as doses of NaPC eight times
larger those required to induce GTC seizure and
up to 80 times the thr: 1o0ld dose for facial my-
ocionus, failed to induce any seizure event when
injected 2-3 mm away form the MT. Spreading
through the blood stream to distant sites as the
cause of scizures is even more remote as Systemic
administration of NaPC requires about 30 000
IU/kg of animals weight to induce GTC seizures
(Quesney et al,, 1977), 1.e. over 7000 times the
amount used in this study. On the other hand. the
cannula guide used to orient the needie of the
Hamilton syringe within brain stem was intended
10 prevent spreading of NaPC as the necdle tra-
versed other cortical and subcortical areas and
although the colorant used (silver nutrate) and
NaPC solution may have different diffusion
rateshan NaPC. visual inspection of the anatom:-

cal sections gave an idea of how little coloran?
reflux is obtained injecting from 0.5 to 0.1 ul, that
in no instance exceeded 2 mm and most likely
injections of 0.1 ul cover even smaller areas (Fig.
1). Finally, studies on the Siffusion within the
cerebral parenchyma using (C14) labeled NaPC
solution shows a very slow diffusion rate of about
1.5 mm/h (Noecbels and Pedley, 1977) while
epileptic events in present experiments develop
within 10 rmn after the injecuon of NaPC. Using
the technique of current-source-density analysis,
Eiselt et al. (1998) demonstrated that NaPC ap-
plied subpially induce a focus of spikes within an
area of 3 mm. beyond which electrical potential
seem to be involved in inhibition rather than
excitation of epileptic activity.

The convulsive area in the MT of the cat herein
described closely corresponds to the convuisive
area descnbed mn the rabbit mesencephalon using
threshold electrical stimulation (Bergmann et al..
1963). Apparently, higher intensity current
(Kreindler et al., 1958) or larger voiumes and
doses of penicilin (Raiston and Langer. 1968)
induce seizures from other parts of the reticular
formation. NaPC up to 1000 U did not produce
seizures when injected into bulbar and ponune
reticular formauon and instead ammals developec
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Table 1

Summarizes 1he observation (n = 12) when injecung 82.5 mM NaPC*

Seizure type Number of Range of penicilin dose 1n mternational units (1U) X SE P<

events

Faciai myocionus 12 12.5-35.0 19.4 2 -

Contralateral my- 10 25.0-50.0 38.5 7.8  00i8
oclonus

Generalized myocionus 10 25.0-100.0 54.2 9 0.001

Generalized 1on:c 7 15.0-125.0 94.1 183 0.000!

Generalized tonic- 6 62.5-125.0 117.5 148  0.000!
¢clonic

Egg pattern

Isolated spikes 9 12.5-87.5 33 82 -

Polyspikes 10 25.0-87.5 57 88 NS

Tonic 8 25,0-125.0 9.7 1.5  0.00!

Tonic<clonic 7 87.5-125 108.1 156 0.000!

¢ In all instances, faciai myocionus and isotated EEG spikes and/or polyspikes were induced. S:nce the maximal volume of
peniciliin was 1.0 ) (125 1U) only half of the injections were followed by GTC conwvuisions. The mean values of the amount of
peanicillin injected inducing different clinicat and EEG patterns are presented and one may observe that they were significantly lower
for facial myoclonus and isolated spikes that for other clinical and EEG patterns.

4. Discussion

4.1. Anatomical location of the convulsive area

One limitation of the present study is the lack
of control on the diffusion of NaPC away form
the injected site as well as the possibility of back
reflux along the needle tract. However, spreading
to neighbor structures as a cause of the convulsive
effect is unlikely as doses of NaPC eight times
larger those required to induce GTC seizure and
up to BO times the thr: - 10ld dose for facial my-
ocionus, failed to induce any seizure event when
injected 2-3 mm away form the MT. Spreading
through the biood stream to distant sites as the
cause of seizures is even more remote as systemic
administration of NaPC requires about 30 000
IU/kg of animals weight to induce GTC setzures
(Quesney et al., 1977). i.e. over 7000 times the
amount used in this study. On the other hand. the
cannula guide used to orient the needie of the
Hamilton syringe within brain stem was intended
to prevent spreading of NaPC as the needle tra-
versed other cortical and subcortical areas and
although the colorant used (silver mitrate) and
NaPC solution may have different diffusion
rateshan NaPC, visual inspection of the anatomi-

cal sections gave an idea of how little colorant
reflux is obtained injecting from 0.5 to 0.1 pl, that
ir no instance exceeded 2 mm and most likely
injections of 0.1 ul cover even smaller areas (Fig.
1). Finally, studies on the diffusion within the
cerebral parenchyma using (C14) {abeled NaPC
solution shows a very slow diffusion rate of about
1.5 mm/h (Noebels and Pediey, 1977) while
epileptic events in present experiments deveiop
within 10 min after the injection of NaPC. Using
the technique of current-source-density analysis,
Eiselt et al. (1998) demonstrated that NaPC ap-
plied subpially induce a focus of spikes within an
area of 3 mm, beyond which electrical potential
seem to be involved in inhibition rather than
excitation of epileptic activity.

The convulsive area in the MT of the cat herein
described ciosely corresponds to the convulsive
area described in the rabbit mesencephalon using
threshold electrical stimuiation (Bergmann et al..
1963). Apparently. higher intensity current
(Kreindier et al., 1958) or larger volumes and
doses of penicilin (Ralston and Langer. 1968
induce seizures from other parts of the reticular
formation. NaPC up to 1000 [U did not produce
seizures when injected into bulbar and ponune
reticular formation and instead animals developed
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-ig. 2. Dose response curve in relation to penicillin dose. Filled bars, clinical seizure pattern: empty bars, EEG pattern, showing the
nean and standard errors 10 elicit facial mvoclonus and other clinical patterns and aiso to elicit spikes and tonic or GTC-EEG

cizures. **P < 0.02, ***P < 0.00]

: chnical and EEG pattern of sleep, as had been
yreviously described injecting pentyienetetrazol in
ne same areas (Velasco et al.. 1983). When in-
ected in the raphe nucleus NaPC induced either
pindle bursts or paradoxical sleep reported by
thers, {Martinez et al., 1997).

The convulsive area was restncted to the nter-
nediate part of the MRF (Van der Kooy, 1987)
nd the tegmental area dorsal and lateral to the
2d nucieus. It was identified using both 1s00smo-
.r. iow sodium content NaPC soluuon, that has
-zn described to have specific antigabaergic ef-
ot {Wong and Pnnce, 1979: McCandless and
anesmith. 1992) as weli as hyperosmolar, high

sodtum content solution that may have other
depolanzing effects {(Avala and Vasconsetto.
1970). Imections ventral to this area did not in-
duce either clinical or EEG epileptic events. as has
been described before using other antigabaergic
substances in the substantia nigra {(SN) (Arnt and
Scheel-Kruger. 1980: Gunne et al., 1988). GABA
acuvation m the SN seems 1o be related to the
control of setzures inttiated elsewhere or induced
by systemic convulsants (ladarola and Gale.
1982). On the contrary. Kainic acid induce strong
motoer seizures when imiected 1n the SN. but not 1n
the MT (Maggio et al.. 199U) and recent experi-
ments in out lapboratorv replicate most of the
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Fig. 3. Dose-response curve for GTC. This curve was obtained using the information derived from all animals that received NaPC
i MT, in iso and hyperosmolar concentrations and through a non-lineal regression sigmoidal curve estimated by means of a

computer program named Sigma Plot for Windows

observations made with NaPC in the MT using
bicuculiine, a specific GABA A receptor antago-
nist (Velasco et al in preparation), suggesting that
within the mesencephaion there are different bio-
chemical mechanisms to induce and control
sewzures. In the cerebral peduncie injecuon of 500
.U did not produce clinical or EEG paroxysms.
which makes unlikely that the convuisive effects
oroduced by mesencephalic NaPC are due to an-
:idromic excitation of the motor cortex via pyra-
midal tract.

Injection in the colliculi did not produce de-
ectable EEG or clinical changes. contrary to that
rescribed imjecting bicucuihne m rats (Tsutsui et
. 1992),

2. Seizure partern
NaPC isoosmolar solution mected 1n progre--

ve doses in the MT invariabiv induced rocu.
10tor seizures before other seizure patterns. A.-

though in our experiments we remained attached
to the use of 82.5 mM solution (tsoosmolar) to
avoid the effect of osmolar or Na content vani-
ables as cause of depolarization, in 2 instances
using 8.2 mM solution and 2.5 IU NaPC dose, we
could induce focal EEG spikes and focal my-
oclonus, which is the same dose used in corucal
NaPC injection to induce focal spikes (Chatt and
Ebersole. 1988). Since there is not anatomical or
physiological evidence of a topographical organi-
zation in the MT, one many speculate that focal
myocionus resulted from orthodromic or an-
tidromic excitation to the motor cortex. However,
as illustrated 1n Fig. 4. disunct MT EEG spikes
and muscular mvocionus were present betore
EEG or MUA paroxysms appeared :- the moter
Cx. Myvocionus has been produced bv NaPC in-
jected 1n the bramn stem (Ralston and Langer.
1968) and other circumstances affecting the brain
stem (Hallett et al.. 1979: Chung and Van Woer:.
1986) and have been proposed to result from
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BASE LINE

MT-EEG

MCx-MUA

MT-MuUA

EMG-MUA

Fig. 4. Sequence of events induced by NaPC in MT. EEG Cx. motor cortex; EEG-MT, mesencephalic tegmentum; EMG, muscular
recording from neck muscles; MUA, mtegrauon of multiple unit recording from the Cx. MT and EMG, each reset of the staircase
represents the count of 25 of the selected units which were those with an amplitude above 100% the noise level. A: 3 min after
imection of 12.5 U penicillin EEG spikes accompanied by MUA paroxvsms at the MT (asterisks) appear in the absence of Cx-
EEG. and MUA and EMG-MUA changes. B: As NaPC dose increase {25 IU), MT EEG and MUA paroxysms became more
orominent and EMG discharges appear (arrows); there is a steady increase in Cx-MUA but still in the absence of Cx-EEG
paroxysms. Notice that MT- EEG and MUA and EMG discharges are not precisely relfated in ume

propagziuon of brain stem epileptic activity 10
tne spinal cord., through midline descending
reticuio-spinal fibers originated in the pontine
and bulbar reticular formation and raphe nu-
cleus (Newman, 1995). Since no clinical seizure
were induced injecting NaPC in those nuclei. 1t
15 unlikety that MT paroxysmal activity used
these pathways to propagate to the spinal cord.
Besides. experimental evidence has been pro-
vided that focal mvoclonus originated in the
torebrain {for review see Gale and Brownng.
1988) and therefore. 1t is possible that m:-
oclonus result from propagation through other
:orebrain  cortical or subcortical structures

different from the motor Cx

On the other hand, as NaPC dose was in-
creased. seizure progression closelv resembied
‘kindiing’ induced by temporal lobe amygdala
sumulation and although electrical stimulation
of MRF has been unsuccessful in eliciting kin-
ding (Goddard et al. 1969). the possibiinn
that MT paroxysmal activity propagates using
the same forebrain structures of amygdala kin-
dhing remains. Further expenments using the
epilepsy model herein descnbed and recording
EEG and MUA of difterent corucal and sur-
cortical structures in relanon 1o clinical evenis
are necessarv 10 ejucidate tms matter.
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Fig. 5. Increments and decrements in cortical (Cx), mesencephzlic tegmentum (MT) and EMG multipie unit activities (MUA) in
relation to Cx-EEG spikes (right side). EEG spike apex was considered time ‘0’ and changes in MUA evaluated for each structure
in 100 ms epochs along | s, starting 500 ms before the apex. From 20 observations, the mean value of MUA for each epoch and
each structure was obtained and compared with that of the immediately preceding epoch, and the sigmficance of changes evaluated
through a Student #-test. It can be seen that discrete but significant increase in Cx-MUA anucipated EEG spike apex, while more
prominent increments in EMG-MUA and MT-MUA occurred ai ume ‘0’ and 100 ms after. respectively. Increase in MT-MUA was
cotncident with further increase in EMG-MUA and decrease in Cx-MUA.

4.3. EEG, EMG, MUA and clinical seizures
relationships

Focal EEG spikes and increased MUA result-
ing form local application of NaPC in the brain

- stem ‘have been reported before (Raiston and

Langer, 1968, Mameli et al.. 1991). Since those
experiments were performed in anesthetized or
paralyzed animals by means of muscular retaxants
or brain stem transections. temporal relationships
vetween clectrophysiological and clinical events
were difficult to assess.

In our experiments particular interest was paid
1> these temporal retauonsiips and 1t was ciear

that focal EEG spikes and increased MUA in ths
MT anticipated clinical and EMG seizure and Cx
EEG spikes. As NaPC dose was increased. foca!
MT EEG spikes became accompanied by EMG
and clinical myoclonus beiore Cx EEG spikes
appeared. EEG spikes and increase MUA 1in MT
increase in EMG-MUA and clinical setzures werz
not ume locked. which again makes unlikely tha:
seizure activity in MT propagates by direct spino-
reticular fibers or through the motor Cx.

When Cx EEG spikes appeared. the ciinica:
seizure patterns was generalized mvoclonus and a:
that moment Cx EEG spikes and increase 1n
MUA 1in Cx. MT and EMG and chmcal sewzure
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became timelocked. Fine analysis of me correla-
uon indicates that increase in Cx MUA annci-
pated increase in MUA at MT and EMG and
that was a simultaneous increase in MUA at MT
and EMG at the apex of EEG spike. which
indicates that Cx is faciitatory of myoclomc
seizure activity in the bramn stem.
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