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EPILEPTIC BRAIN DAMAGE IN ADOLESCENT BABOONS FOLLOWING
SEIZURES INDUCED BY ALLYLGLYCINE

BY

B. 5. MELDRUM, R. W. HORTON AND J, B. BRIERLEY

(From the MRC Neuropsychiatry Unit, MRC Laboratories, Carshalton, Surrey, and the Department
of Neurology, Institute of Psychiatry, De Crespigny Park, London SES5 8AF)

THE occurrence of neuronal loss and gliosis in the hippocampus of chronic
epileptics was described by Sommer (1880) and subsequently by Bratz (1889). Among
patients with epilepsy in institutions it is the commonest cerebral lesion, being found
at post-mortem in 50 to 70 per cent of cases (Sano and Malamud, 1953; Margerison
and Corsellis, 1966). Although the early German authors associated Ammon’s horn
sclerosis with generalized seizures, more recent studies (Stauder, 1935; Sano and
Malamud, 1953; Falconer, Serafetinides and Corsellis, 1964; Margerison and
Corsellis, 1966; Falconer, 19705) have emphasized a correlation with temporal lobe
epilepsy. The abolition of such seizures by the unilateral neurosurgical removal
of tissue showing mesial temporal sclerosis (Falconer, 1970a, b, 1972) suggests that
the lesion may be a cause of temporal lobe epilepsy.

The origin of the lesion of mesial temporal sclerosis is not clearly established.
Among causes which have been proposed are injury at birth (“incisural sclerosis,”
Earle, Baldwin and Penfield, 1953), perinatal asphyxia (Veith, 1970), neonatal or
infantile infection (bacterial or viral meningitis or encephalitis) and febrile convulsions
in infancy (Ounsted, Lindsay and Norman, 1966). If seizures themselves can cause
hippocampal sclerosis, it is important to identify the factors which determine whether
particular seizures will produce such a lesion. If secondary physiological changes
occurring during seizures are largely responsible for the cerebral lesions, they may
be readily preventable. These problems are difficult to study in man. We have
recently shown, however, that prolonged seizures induced in baboons by bicuculline
produce ischzmic cell change with the same pattern of distribution in the neocortex,
hippocampus, thalamus and cerebellum as is found in man after status epilepticus
(Meldrum and Brierley, 1973). Such damage can be correlated with the severity of
certain systemic changes during the seizure (Meldrum and Horton, 1973). In a
preliminary report we stated that closely grouped brief seizures induced by
allylglycine can lead to the appearance of lesions confined to the hippocampus,
characterized by loss of neurons and glial proliferation in the Sommer sector and end
folium (Meldrum and Brierley, 1972). We are now reporting the physiological
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changes associated with such sequences of seizures. We also give a more detailed
presentation of the histological nature and evolution of these lesions.

MATERIALS AND METHODS

Adolescent baboons (9 Papio papio from Senegal and 4 Papio cynocephalus from Kenya, weights
3-4-6'6 kg), while under pentobarbitone anasthesia, were chronically prepared for regional EEG
recording by the insertion of 14 or 15 epidural silver-silver chloride electrodes connected to a
multisocket cemented to the skull. In some animals a femoral arterial cannula was also
inserted chronically; in others it was inserted acutely under local an®sthesia (procaine 2 per cent).

Before inducing the seizure the animal was seated in a primate chair and the EEG and
electrocardiogram recorded on a Galileo Model E18 B. Rectal temperature was monitored by
means of an Ellab thermometer (Copenhagen). Arterial blood pressure was recorded via the
femoral cannula using a Statham strain gauge and a Beckman Type R Polygraph. Respiratory
movements were similarly recorded using a perithoracic cuff. Arterial blood gas tensions and pH
were determined by means of a Radiometer pH Meter and micro-electrode units (Clark and
Severinghaus types). Arterial hemoglobin concentration, saturation and oxygen content were
measured with an IL Co-Oximeter. Enzymatic methods were used to determine arterial glucose
concentration (Lowry, Passonneau, Hasselbetger and Schulz, 1964) and arterial lactate concentration
(Boehringer test combination).

To induce a sequence of seizures, allylglycine (Sigma Chemical Co.) up to 550 mg/kg body weight,
dissolved in sterile saline (up to 25 ml) was injected intravenously in one to three minutes. Later,
animals sometimes received atropine (0-3 mg intramuscularly), glucose (5-20 m1 50 per cent solution
intravenously) or 6 per cent w/v dextran (Dextraven 110, Fisons Ltd.). Late in the seizure sequence
animals were either maintained sitting up (SB 32), laid in lateral decubitus on the left (SB 40, 41, 42),
or right side.

Animals were either allowed to recover in theit own cage or were given an appropriate dose of
pentobarbitone and the brain fixed by in vivo perfusion with a formalin, acetic acid and methanol
mixture (as described by Meldrum and Brierley, 1973). “Recovered animals” were treated similarly
after an appropriate survival period. Subsequent processing of the histological material was as
described by Meldrum and Brierley (1973).

REsSULTS
Temporal Pattern of Seizures

The average latent interval to the first spontaneous seizure following the
intravenous injection of allylglycine (350-550 mg/kg) was one hundred and twenty-
seven minutes. (One animal, SB30, had no spontaneous seizures, but photic
stimulation at hourly intervals induced 6 tonic-clonic seizures.) The mean number
of brief tonic-clonic seizures for the 14 experiments was 26 (see Table I). The
temporal pattern of seizures in 4 baboons is illustrated in fig. 1.

A typical tonic-clonic seizure began with conjugate deviation of the eyes, associated
with turning of the head and neck and horizontal nystagmus. Myoclonus beginning
unilaterally in the peri-orbital muscles spread to the facial muscles and then to the
ipsilateral and contralateral trunk and limb muscles. A brief tonic phase (ten to
twenty seconds) was followed by a slow myoclonic phase and a short period of
post-ictal depression. The electrocorticogram showed a rhythmic spike discharge
originating unilaterally in the posterior parietal or occipital cortex, and progressively
generalizing. The tonic phase was associated with a highly rhythmic discharge,
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TABLE I.—~ALLYLGLYCINE AND SEIZURES IN 13 BABOONS w
Recurrent seizures Status Max. Lowest Minim, ?
Weight Dose Lat, Durat, epilep. temp. art. gluc  art. PO: g
Baboon Sex (kg) (mglkg) (min) No. (han) (rnin) (°C) (ALNM) {mmHg) E
A KB 6 F 6:0 360 116 14 2:00 = 39-8 3.7 49 El
SB 30 F 40 360 (180) 6 5-00 — — s i s,
% SB35 M 6:2 400 121 26 4-15 — 410 21 54
SB 36 M 66 400 117 24 3-20 20 412 4.1 49
SB 40 F 60 480 214 16 10-00 = 37-8 1:2¢ 53
+150
B KB2 M 5.5 400 113 21 230 s 39.8 1-2 54
KB3 M 50 350 119 36 9.20 e s 387 2.8+ 45
SB 29 F 5:5 500 100 34 8-00 s e e s
SB 32 F 34 470 157 63 11-00 — (36-0) — —
SB 39 M 50 450 158 26 635 — 400 07¢ 71
+15
C KB 1 M 4.8 500 85 8 1-20 63 428 146 80
SB 40 F 6-0 550 117 42 442 35 415 3.0¢ 57
SB4l M 55 510 120 26 2:48 60 410 1-3* 59
SB 42 F 60 510 125 20 335 14 41-8 1-3¢ 52

Group A—no brain damage., Group B—recurrent seizures and brain damage. Group C—recurrent seizures, status epilepticus

and brain damage.
NOTE.—SB 40 experienced 2 seizure sequences, separated by six days; there was no pathology attributable to the first sequence

*Reccived parenteral glucose during the seizure sequence,
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F1G. 1.—Diagram to show the timing of seizures after allylglycine administration in four baboons
(Papio papio). Each tall vertical line represents a tonic-clonic seizure followed by post-ictal silence
on the EEG. Each short vertical line represents a partial seizure, without post-ictal silence. The
rectangle terminating SB 40 represents sustained seizure activity.
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augmenting in amplitude and giving way to symmetrical rhythmic bursts of
polyspikes (2-3 per second) accompanying the generalized clonic jerks. A post-ictal
silence was followed by slow activities with initially a return to a normal EEG
appearance in two to four minutes. In the longer sequences of seizure return to a
normal EEG post-ictally became progressively delayed until successive seizures
originated on a background of sustained high amplitude delta activity.

In 5 animals, following a sequence of 8 or more such brief seizures a period of
sustained seizure activity occurred. This usually took the form of prolonged
myoclonus associated with rhythmic spikes and waves.

Pauses in this activity (with an isolectric record) terminated with either generalized
or focal onset of seizure activity. No animal which developed status epilepticus
subsequently returned to a normal pattern of EEG activity.
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As described below (see Neuropathology), 9 of the 14 seizure sequences led to
neuropathological changes. In 4 cases status epilepticus had been present.
Comparing seizure sequences that led to damage with sequences that did not produce
damage, the latency to onset of the first spontaneous seizure was not significantly
different (see Table I). Excluding animals developing status epilepticus, the mean
number of seizures was 36 (range 2-63, N=5) in the sequences producing lesions
and 17 (range 6-26) in the sequences not producing cerebral lesions.

Blood pressure—Arterial blood pressure was recorded in 11 of the 14 seizure sequences. The
changes were similar in all cases (see figs. 2 and 3). Control systolic pressures were in the range
135-160 mmHg, diastolic pressures in the range 100-135 mmHg. Fach seizure was associated with a
marked rise in systolic and diastolic pressures. Peak systolic pressures nearly always exceeded
200 mmHg, and occasionally pressures above 260 mmHg were recorded. These rises lasted one to
three minutes. Between seizures the BP returned to control level. Falls in mean pressure followed
the appearance of status epilepticus. In these animals the systolic pressure was finally in the range
80-90 mmHg, and diastolic pressure was between 55 and 60 mmHg.

SEIZURE

Tl T T

RECTAL TEMP."c

E ____________ = . GLUCDSE prcles]ml

4 350 mg ALLYLELYCINE ,]a

250; pEﬂ, mmHg
200
150
100
50 ART. BP. mmHg
1L L 1 1 1 L Il L 1 1 ;)
B 1 2 3 4 5 T ] 8 IS W

Glucose

FIG. 2.—Physiological events in a seizure sequence induced by the intravenous administration of
allylglycine in baboon KB 3 (Papio cynocephalus). Vertical lines represent tonic-clonic seizures
asin fig. 1. Glucose (5 gin 10 ml) was given intravenously at the arrow. Glucose, lactate, pH, pO.
and pCO, were determined in arterial blood samples.

Hemoglobin and blood gases.—Initial hzmoglobin concentrations were in the range 7-0-12-6 g/100
ood (Mean 9-97, N=9). Seizures were followed by a rise to a mean peak of 11-14 g Hb/100 ml
blood. Later while fluid replacement (saline and glucose solutions) was in progress, hemoglobin
fell to a mean of 9-16 /100 ml.
Arterial pO,, before seizure onset, was in the range 96-5-120 mmHg (mean 108 mmHg, N=11).
Samples during and directly after seizures showed falls of 20-60 mmHg. Values for the lowest
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FiG. 3.—Physiological events in a seizure sequence induced by allylglycine in a baboon, Papio
papio (SB 41). Transient and sustained seizure activity indicated as in fig. 1. Glucagon (30 wg/ke)

arterial pO, recorded in each animal were between 45 and 80 mmHg (mean 56-6 mmHg, N=11),
In general, arterial pO: returned to the normal range within one to five minutes of the end of a
generalized seizure,

The initial arterial pCO. wasin the range 26-5-38-3 (mean 30-4 mmHg, N=11). The highest values
recorded during or directly after seizures were in the range 42-6-59-5 mmHg (mean 49-6, N=11).

Blood lactate and pH.—Before the first seizure, blood lactate was in the range 0-8-3-9 pmoles/ml
(mean 2-54, N=11). This rose after seizure onset, reaching a peak after 0-5-3-0 hours. The peak
concentrations were in the range 4-4-13-5 pmoles/ml (mean 9-71, N=11).

Mean arterial blood pH was 7-41 both before allylglycine administration (range 7:32-7-49) and
before the first seizure (range 7-32-7-52). During and after seizures arterial pH fell; the range of the
lowest values recorded was 6-92-7-12 (mean 7-01). In general, the lowest pH values corresponded in
time to the peak arterial lactate concentration. The majority of PH values in interseizure intervals
were in the range pH 7-20-7-30.

Arterial glucose concentration.—Control arterial glucose measurements were sometimes elevated
(mean 8:3 umoles/ml, range 5:3-12'5, N=11), but fell to a mean of 69 pmoles/ml (range 3-7-10-6,
N=11) before the onset of the first seizure. No rise in glucose concentration was seen in 7 of the 11
animals. The 4 showing small apparent rises in arterial glucose concentration (of 0-4-1-1 umoles/mly
all showed greater bercentage increases in h@moglobin concentration. During the period of

during the second hour after seizure onset was 4-85 pmoles/ml and the mean lowest value was
2:17 pmoles/ml (range 0-7-4-1 pmoles/ml), but in 5 experiments (KB 3, SB 39, SB 40, SB 41,
SB 42) intravenous or intraperitoneal glucose was given during the recurrent seizure period. (Three
of these animals also received intravenous injections of glucagon.) Nevertheless, some animals
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experienced long periods (three to four hours) with blood glucose levels around, or below,
2:2 pmoles/ml.

Temperature.—Rectal temperature was recorded in all except 2 of the seizure sequences. Initial
temperatures were in the range 37-0-38-5°C, Temperature varied only slightly (up or down) with
up to 6 or 7 brief seizures per hour. When the frequency of seizures was 8-10 or more per hour,
or seizure activity was continuous, rectal temperature rose. The peak temperatures are given in
Table I, which shows that in only one animal not having sustained seizure activity, did the
temperature exceed 40°C, but that for the 5 animals with status, the mean peak temperature was
41-7°C. In one animal (SB 32, having 63 seizures) temperature was not recorded in the first half of
the seizure sequence, but in the second half it fell from 360 to 34-2°C.,

Survival and Recovery

The onset of status epilepticus was followed, after a few minutes, by a decline in
mean arterial pressure. Cerebral fixation by perfusion was effected either while
circulation was maintained or, when the onset of cardiac irregularities was sudden,
within one to two minutes of cardiac arrest. In 4 experiments, perfusion fixation
terminated a sequence of recurrent seizures. In 5 experiments the baboon was
returned to his cage and observed for gross mneurological abnormalities with
occasional EEG recordings.

The slowest neurological recovery was shown by SB 32 (after 63 seizures in
eleven hours). Eight hours after the seizure sequence, the animal on stimulation
raised her head from the prone position but did not follow visually or make
coordinated limb movements. The EEG showed high voltage delta activity, somewhat
asymmetrical, with isolated bursts of spikes. After twelve hours she was responsive
to handling and showed visual following. Spikes were absent from the EEG but she
was weak and ataxic. There was complete neurological recovery two to three days
later, and the EEG was not different from control. The most rapid recovery was
shown by SB 40 (after 16 seizures in ten hours). Within a few minutes of the last
seizure she sat partially erect, supported on forelimbs, and nine hours later was
apparently normal except for occasional myoclonic twitches of the forelimbs. The
other 3 animals showed an intermediate pattern of recovery.

Neuropathology

Macroscopic appearances of the brains.—The weight range of the brains was
121-160 g. Evidence of brain swelling consisting of downward herniation of the
inferior cerebellar vermis and flattening of the cortical gyri was seen in three animals
(moderate in baboon KB 2 and slight in baboons SB 41 and SB 42). There was a thin
film of recent subarachnoid hzmorrhage over the right parietal lobe in baboon KB 2.
Organizing thrombus was seen in, but did not occlude, the posterior third of the
superior longitudinal sinus and the right transverse sinus in baboon SB 41. In the
usual slices of the cerebrum, cerebellum and brain-stem, appearances were normal
in all the brains.

Microscopic appearances of the brains—The brains of four animals (SB 30,
SB 35, SB 36 and KB 6) were considered to be normal. In 8 of the remaining 9
animals there was either some stage in the process of ischamic cell change
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(Spielmeyer, 1922) or evidence of neuronal loss and a corresponding gliomesodermal
proliferation in some of the regions selectively vulnerable to hypoxia. The earliest
isch@mic neuronal alteration was the transition from “microvacuolation” (Brown
and Brierley, 1968; Brierley, Brown and Meldrum, 1971) to typical ischzmic cell

numbers of circular or oval apparently empty spaces. Electron microscope studies
(McGee-Russell, Brown and Brierley, 1970; Brown and Brierley, 1972) have shown
that these microvacuoles are swollen mitochondria within which the cristz show
variable disorganization. This type of alteration was seen in 6 animals (KB 1, KB 2,
SB 39, SB 40, SB 41, SB 42). In 4 baboons (KB 1, SB 40, SB 41, SB 42) there were
also examples of “scalloped cells” (Brown and Brierley, 1973). In these neurons
there is a moderate increase in the staining intensity of the nucleus and cytoplasm.
The latter exhibits no vacuoles but its outline is very irregular or scalloped as a result
of distortion by expanded perineuronal astrocytic processes.

In a single animal (KB 3) there was neither ischemic cell change nor neuronal
loss, but only a marked proliferation of fibrous astrocytes in the end folium (h 3-5)
of each hippocampus.

In both groups (Table II) ischemic cell change, scalloped cells, cell loss and
gliomesodermal reaction were restricted to the cerebral cortex and hippocampi.
In the latter, the end folia were the only sites of ischzmic alterations in 2 animals,
one in each group (KB 1 and KB 2) while ischemic damage in the Sommer sector
(hy) was always associated with similar damage in the end folia. The number of

TABLE II.—NEUROPATHOLOGICAL ALTERATIONS IN NINE BABOONS

Survival Hippocampus
Baboon d h m I ha ha-y Cortex Other
B KB2 0 2 30 — — ICC(+) — —
R. only

KB3 42 0 oo — — gliosis —_ —

SB29 21 0 00 Cell loss —_ Cellloss (+) Marginal Bergmann
(++) gliosis gliosis astro.
Gliosis R.=L. prolif.
R.>L.

SB32 7 0 00 Cell loss _ Gliosis - Bergmann
+) R.>L. astro.
gliosis prolif.
R.>L.

SB39 0 7 23 — — — MV/ICC(+) —

ICC(+)
ICC*(+)
Occip.BZs
4 KBI 0 2 42  Scalloped — MV/ICC(+) ICC(+) —_
cells(+) ICC*(+)
Diffusely

SB40 0 5 16  Scalloped -— — ICC(+) —
cells(+) Occipital

SB41 0 3 59 MV/ICC(+) — MV/ICC(+) MV/ICC(+) —
ICC(+) (R. only) ICC(+)

Scalloped Diffusely
cells(+)

SB42 0 3 51 MV/ICC(+) ~ MV/ICC(+) FociofIcC —

along BZs

MYV =microvacuolation, IC

territories, d h m=days,

Groups B and C=as in Table I

C=ischemic cell change.
hours, minutes

ICC*=ICC with incrustations, BZ=boundary zone between arteria
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neurons which showed isch@mic cell change or had disappeared was small ()
except in one animal (SB 29) in which the cell loss in h, twenty-one days after the
seizure sequence was moderate (4+) (figs. 4 and 5, Plate XXV).

It is to be noted that cell loss and gliosis in the Sommer sector were seen close to its
junction with h, in 2 brains (SB 29 and SB 32), and corresponding alterations in the
end folium occurred at its junction with h, (figs. 6, 7 and 8). Ischamic cell change
after status epilepticus showed a similar preponderance at the junction of h, and
h; with h, (SB 41 and SB 42).

In the cerebral cortex, alterations attributable to the seizures were never more than
slight (+). They were uniformly distributed in two brains (KB 1 and SB 41) and
restricted to the occipital lobes of one (SB 40). A concentration of isch&mic neurons
along the boundary zones of the cortex (SB 39 and SB 42) suggested the possibility
of reduced perfusion pressure.

A proliferation of the Bergmann astrocytes in the cerebellum was observed in two
brains (SB 29 and SB 32) and was associated with marginal gliosis in the cerebral
cortex in one case (SB 29).

Discussion
Mechanism of Action of Allylglycine

Allylglycine inhibits glutamic acid decarboxylase, the cerebral enzyme synthesizing
the inhibitory transmitter substance, y-aminobutyric acid (GABA). It is far more
effective in vivo (1-74 mmol/kg in mice inhibits GAD activity by 40 per cent) than
when tested in in vitro systems (0-6 M produces only a 25 per cent inhibition of GAD
activity in brain homogenates) (Horton and Meldrum, 1973). The mechanism of
GAD inhibition is not understood; neither substrate competition nor inhibition of
the synthesis or coenzymic function of pyridoxal phosphate appear to be involved
(Horton and Meldrum, 1973). The seizures, however, closely resemble those seen
after pyridoxal phosphate antagonists such as isoniazid, thiosemicarbazide and
4-deoxypyridoxine (Meldrum, Balzano, Gadea and Naquet, 1970; Meldrum and
Horton, 1971; Horton and Meldrum, 1973). This applies both to the long latent
interval, followed by recurrent seizures with intervening recovery, and to the regional
onset of seizure activity which is predominantly unilateral in the posterior parietal
or occipital cortex.

Allylglycine inhibits the uptake of certain amino acids (leucine, proline) into rat
brain slices (Balcar and Johnston, 1974) and reduces protein synthesis in synaptosome
preparations of rat brain (Alberici de Canal and Rodriguez de Lores Arnaiz, 1972).

When directly applied to neurons by microelectrophoresis, allylglycine has a
weak depressant effect (Curtis, Duggan and Johnston, 1970; Roper, 1970).

The balance of evidence is that the seizures produced by allylglycine are due to
inhibition of cerebral glutamic acid decarboxylase activity (Meldrum, 1974). An
action on amino-acid uptake could be a contributory factor in the subsequent onset
or evolution of brain damage.
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Physiological Changes during Seizure Sequence

In general, the physiological changes were much less severe than those observed
during sustained seizures produced by bicuculline in similar baboons (Meldrum and
Horton, 1973). In particular, hyperpyrexia was seen only when seizures were very
cIosély spaced or clonic activity was continuous.  Arterial pressure showed the
expected ictal rises; mean pressure fell only when s

eizure activity was sustained.

Falls in arterial pO, were transient and not severe. Respiratory and metabolic
acidosis was also less severe than after bicuculline (when arterial PH usually fell
below 6-8 (Meldrum and Horton, 1973)).
The lack of an initial hyperglyce
seizures) was another difference fro

and Charrier, 1970; Mel

mia (secondary to autonomic activity during
m previous studies (Naquet, Meldrum, Balzano
drum and Horton, 1973). Secondary hypoglycemia was
sometimes severe and prolonged and presumably contributed both to delayed EEG
recovery late in seizure Sequences, and to the occurrence of brain damage.

Sudden cardiovascular collapse or progressive failurs during status epilepticus

was similar to that seen after bicuculline; hyperkalemia, hyperpyrexia and
hypoglycemia were probably contributory factors to this.

Ischemic Cell Change

This histological appearance can result from any disturbance of cellular energy
metabolism, and shows a similar time course of evolution after arterial hypotension,
hypoglycemia or focal ischemia (Brierley, Brown and Meldrum, 1971). In the present
experiments the relative importance of the various physiological changes cannot be
definitively established. None of those measured, with the possible exception of the
hypoglycemia (see Meldrum and Horton, 1971; Meldrum and Brierley, 1973), was
of sufficient severity individually to have produced neuronal death (ischaemic cell
change), but the effects of hypoglycemia, hyperpyrexia, reduced arteria] oxygenation
and impaired cerebral perfusion (general or focal) are probably additive. The epileptic

discharges augment cerebral metabolic activity and will thus exacerbate the
derangement of cerebral energy metabolism.

The pattern of brain damage (hippocampal and neocortical) closely resembles
that seen after prolonged bicuculline-i

nduced seizures in paralysed, artificially
ventilated baboons (Meldrum, Vigouroux and Brierley, 1973). In non-paralysed
animals after bicuculline, there was agr i

could be correlated with the greater
arterial hypotension in this situation (Meldrum and Brierley, 1973).

Swelling of astrocytic processes can occur early in a seizure sequence (De Robertis,
Alberici and de Lores Arnaiz, 1969) and may give rise to the scalloped appearance
we observed in hippocampal neurons, and the finely vacuolated neuropil described
by Meldrum, Vigouroux and Brierley (1973). Such changes are probably reversible,
but the associated increase in tissue pressure may further impede local blood flow.
These changes are particularly prominent in the h; sector of the hippocampus and
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they may be a factor contributing to impaired focal perfusion and hence a cause of
ischemic cell change and neuronal loss.

Hippocampal Lesions after Recurrent Seiziires

Hippocampal lesions, unlike those elsewhere in the brain, show a strong tendency
to be asymmetrical. This is especially true of the h; lesion, as was emphasized in
studies on chronically hospitalized patients with epilepsy (Bratz, 1889; Margerison
and Corsellis, 1966). In man the left and right side are equally often affected, but
there are differences according to the age at which prolonged convulsions occurred,
and to the sex of the child (Taylor and Ounsted, 1971). In our animals the right side
was predominantly involved. Most of the animals were laid on their right side late
in the seizure sequence, raising the possibility that venous congestion was an
important factor (McLardy, 1969). In one animal remaining upright (SB 32) and one
laid on the left side (SB 41), lateralization to the right was also found, suggesting that
an asymmetry of function might be involved, as proposed by Taylor (1969).

The hippocampal lesions we observe at one, three or six weeks after a sequence of
seizures correspond in their topography and cytology to an early phase in the
evolution of the lesions classically described both in patients with chronic epilepsy
dying in institutions and in partial temporal lobectomy specimens removed from
patients with temporal lobe epilepsy (Ammon’s horn sclerosis or “mesial temporal
sclerosis” (Falconer, Serafetinides and Corsellis, 1964; Margerison and Corsellis,
1966)). The loss of neurons is not so severe in the baboons, however, nor is there any
macroscopically evident shrinkage of the hippocampus. This probably requires a
longer time for its development.

Although there can be little doubt that the lesions we observe are a consequence
of physiological events related to the seizures, it is more difficult to prove that the
hippocampal lesions in epileptic patients are a consequence of their seizures.

When the pathology of mesial temporal sclerosis is found in adolescents undergoing
a partial lobectomy for temporal lobe epilepsy, a history of prolonged febrile
convulsions can usually be obtained (Falconer, 1970a, 1971, 1972). Our experiments
strengthen the hypothesis (Falconer, Serafetinides and Corsellis, 1964; Ounsted,
Lindsay and Norman, 1966) that the early seizures are commonly a cause of the
pathology.

SUMMARY

Epileptic seizures have been induced in 13 adolescent baboons (Papio papio and
P. cynocephalus) by the intravenous administration of allylglycine (350630 mg/kg
body weight). In 8 animals the seizures were brief, recurred 6-63 times in two to
eleven hours and were followed by neurological recovery. In 5 animals a period of
status epilepticus supervened. ,

Recurrent seizures were associated with progressive hypoglycemia. Status
epilepticus produced hyperpyrexia.

Cerebral pathology was studied after peraortic perfusion-fixation of the brain.
Sequences of 6-26 seizures occurred without any pathological sequelz. Short
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survivals (usually following status epilepticus) were associated with the appearance '
of isch@mic cell change selectively in neurons of the hippocampus (h, and hg-hy)

and neocortex (pyramidal neurons of the third and fifth layers). Long survivals

(seven to forty-two days) were associated with neuronal loss and gliosis in the F
vulnerable regions of the hippocampus. These lesions apparently correspond to an

early stage in the development of Ammon’s horn sclerosis (mesial temporal sclerosis).

=

19 wswundag s

iy E

REFERENCES el

ALBERICI DE CANAL, M., and RODRIGUEZ DE LORES ARN
brain subcellular fractions by the convulsant allylglycine. Biochem. Pharmac., 21, 133-136.

Barcar, V. I, and JounstoN, G. A, R. (1974) Allylglycine, an inhibitor of the uptake of L-leucine and
L-proline in rat brain slices. Biochem. Pharmac., 23, 821-827.

Bratz, E. (1889) Ammonshornbefunde bei Epileptischen. Arch. Psychiat. NervKrankh., 31, 820-836.

BRIERLEY, J. B., BrowN, A. W., and MELDRUM, B. S. (1971) The nature and time course of the neuronal / £
alterations resulting from oligemia and hypoglycemia in the brain of Macaca mulatta. Brain | =
Res., 25, 483-499,

Brown, A, W., and BRIERLEY, J. B. (1968) The nature, distribution and earliest stages of anoxic-ischamic
nerve cell damage in the rat brain as defined by the optical microscope. Br. J. exp. Path., 49,
87-106.

A1Z, G. (1972) Inhibition of protein synthesis in :-

=Ty
=
GRseaG

— —— (1972) Anoxic-ischaemic cell change in rat brain. Li
observations. J. neurol. Sci., 16, 59-84,

——, —— (1973) The earliest alterat
Acta nenropath., 23, 9-22,

Curtis, D. R, DucGan, A. W., and JounsToN, G. A. R. (1970) The inactivation of extracellularly )
administered amino acids in the feline spinal cord. Exp! Brain Res., 10, 447-462, '

ght microscopic and fine-structural ’

[

. . - . . 1 |
lons in rat neurones and astrocytes after: anoxia-ischamia. G

sn

J=dag

o
De RoBerTIs, E., AvBerict, M., and DE Lorss ARNAIZ, G. R. (1969) Astroglial swelling and | i
phosphohydrolases in cerebral cortex of Metrazol convulsant rats. Brain Res., 12, 461-466. q,
EARLE, K. M., BALDWIN, M., and PENFIELD, W. (1953) Incisural sclerosis and temporal lobe seizures produced | o
by hippocampal herniation at birth. A.M.A. Archs Neurol, Psychiat., 69, 27-42, i z
FALCONER, M. A. (19704) Significance of surgery for temporal lobe epilepsy in childhood and adolescence, }Y\Q =
J. Neurosurg., 33, 233-252. T
—— (1970b) The pathological substrate of temporal lobe epilepsy. Guy's Hosp. Rep., 119, 47-60, ‘ f E
—— (1971) Genetic and related @tiological factors in temporal lobe epilepsy. Epilepsia, 4th Ser., 12, | - <
13-31.

—— (1972) Temporal lobe epilepsy in children and its surgical treatment. Med. J. dust., 1, 1117-1121.
—— SERAFETINIDES, E. A., and CorsELLs, J. A. N. (1964) Etiolo
epilepsy. Archs Neuwrol., Clicago, 10, 233-248.

HortoN, R. W., and MELDRUM, B. S. (1973) Seizures induced by allylglycine, 3
and 4-deoxypyridoxine in mice and photosensitive baboons,

vgw
q0g ‘dIojjoan PUo

gy and pathogenesis of temporal lobe

-mercaptopropionic acid
and different modes of inhibition of

cerebral glutamic acid decarboxylase. Br. J. Pharmac., 49, 52-63. v
Lowry, O. H., PAssoNNEAy, J. V., HASSELBERGER, F. X., and Scrurz, D. W. (1964) Effect of ischemia D 7

on known substrates and cofactors of the glycolytic pathway in brain, J. biol, Chem., 239, 18-30. £
McGEee-RUSSELL, S, M., BRown, A, W., and BRIERLEY, J. B. (1970) A combined light and electronmicroscope §'

study of early anoxic-ischemic cell change in rat brain. Brain Res., 20, 193-200. 3 3

McLarpy, T. (1969) Ammonshorn pathology and epi
MARGERISON, J. H., and CORSELLIS,
MELDRUM, B, S. (1974) Epilepsy an

|
|
leptic dyscontrol. Nature, Lond., 221, 877-878. ”
J. A. N. (1966) Epilepsy and the temporal lobes. Brain, 89, 499-530,
d GABA-mediated inhibition. Internat. Review Neurobiol., 17. In press,

K@=\
pv2 ‘opsayiog

3
15N



418 B. 8. MELDRUM, R. W. HORTON AND J. B. BRIERLEY

MELDRUM, B. S., BaLzANO, E., GADEA, M., and NAQUET, R. (1970) Photic and drug-induced epilepsy in
the baboon (Papio papio): the effects of isoniazid, thiosemicarbazide, pyridoxine and amino-
oxyacetic acid. Electroenceph. clin. Neurophysiol., 29, 333-347.

——, and BRIERLEY, J. B. (1971) Circulatory factors and cerebral boundary zone lesions. Clins devi
Med., 3940, 20-33.

——, —— (1972) Neuronal loss and gliosis in the hippocampus following repetitive epileptic seizures
induced in adolescent baboons by allylglycine. Brain Res., 48, 361-365.

—_— (1973) Prolonged epileptic seizures in primates: ischemic cell change and its relation to
ictal physiological events. Archs Neurol., Chicago, 28, 10-17.

—, and Horron, R. W. 1971) Convulsive effects of 4-deoxypyridoxine and of bicuculline in
photosensitive baboons (Papio papio) and in rhesus monkeys (Macaca mulatta). Brain Res., 35,
419-436.

——, —— (1973) Physiology of status epilepticus in primates. Archs Nerrol., Chicago, 28, 1-9.

—, ViGouroux, R. A., and Brierrey, J. B. (1973) Systemic factors and epileptic brain damage.
Archs Neurol., Chicago, 29, 82-87.

NAqQuET, R., MELDRUM, B. S., BALzANO, E., and CHARRIER, I, P. (1970) Photically-induced epilepsy and
glucose metabolism in the adolescent baboon (Papio papio). Brain Res., 18, 503-512.

Ounstep, C., LINDsAY, J., and NorMaN, R. (1966) Biological factors in temporal lobe epilepsy. Clins dev!
Med., 22, 1-135.

ROPER, S. (1970) Inhibition of Mauthner cells by allylglycine., Nature, Lond., 226, 373-374.

Sano, K., and MaLamub, N. (1953) Clinical significance of sclerosis of the cornu ammonis. Archs Neurol.
Psychiat., Chicago, 70, 40-53,

SommER, W. (1880) Erkrankung des Ammonshorns als @tiologisches Moment der Epilepsie. Arch. Psychiat.
NervKrankh., 10, 631-675.

SeiELMEYER, W. (1922) “Histopathologie des Nervensystems.” Berlin: Springer, pp. 74~79.
STAUDER, K. H. (1935) epilepsie und Schlafenlappen. Arch. Psychiat. NervKrankh., 104, 181-212.

TAYLOR, D. C. (1969) Differential rates of cerebral maturation between sexes and between hemispheres.
Evidence from epilepsy. Lancer, ii, 140-142.

—, and OunsteD, C. (1971) Age, sex, and hemispheric vulnerability in the outcome of seizures in
response to fever. Clins devi Med., 39-40, 266-273.

VEITH, G. (1970) Anatomische Studie iiber die Ammonshornsklerose im Epileptikergehirn. Dt. Z, NervHeilk.,
197, 293-314.

(Received January 10, 1974)

LEGENDS FOR PLATES

PLATE XXV

FiG. 4—SB 29. Right hippocampus (h,) showing loss of neurons with proliferation of fibrous
astrocytes and rod cells. Paraffin. Phosphotungstic acid hezmatoxylin. x170.

FiG. 5.—SB 29. Right hippocampus (h,) showing neuronal loss with proliferation of astrocytes
and rod cells. Paraffin. Cresyl fast violet. x155.

PLATE XXVI
FIG. 6.—SB 32, Right hippocampus (h,—h;) showing marked loss of neurons, also proliferation
of astrocytes and rod cells. Celloidin, Cresyl fast violet and Luxol fast blue. X325,

F16. 7.—SB 32. Left hippocampus (hy-h,) showing focus of neuronal loss with proliferation of
astrocytes and rod cells. Celloidin. Cresyl fast violet and Luxol fast blue. x 325.

Fic. 8.—SB 29. Hippocampus (h3—3) showing fibrous gliosis. Celloidin. Phosphotungstic acid
hematoxylin. x325.
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[ptracerebral hemorrhage following
electroconvulsive therapy

Leon A- Weisberg, MD; Debra Elliott, MD; and David Mielke, MD
\luscle relaxants and anesthetic agents are given with electrocon-
Lulsive therapy (ECT) to prevent traumatic injuries during
, avulsion. C ardiovascular or cerebrovascular complications may de-
c..;lop in high-risk patients who are hypertensive or have other cardiac
:li,orders and undergo ECT.! We now report a patient who developed
intracerebral hemorrhage (ICH) during ECT.
Case report. A 69-year-old woman was admitted for ECT. She had
eral recent episodes of depression that had responded to anti-
ressant medication; however, recent depression had lasted 4
months without improvement despite treatment with amitriptyline,
imipramine, lithium, fluoxetine, and alprazolam. She was nonfunc-
rional and required hospitalization.
The patient had no family history of dementia or psychiatric illness,
pad no recent head trauma, was not hypertensive, and had no prior
carebrovascular symptoms. She did not drink alcohol. When initially
admitted to the hospital, her mental state was consistent with severe
depression. She had no memory impairment or clinical dementia. Chest
mdiograph and ECG were normal. Laboratory studies, including com-
blood count, platelet eount, prothrombin time, partial throm-
boplastin time, and erythrocyte sedimentation rate, were normal

ECT was performed on four occasions. The patient was induced with
etomidate, and succinylcholine was used for muscle relaxation. Following
the first three treatments, the patient had confusion for 15 minutes. After
the fourth ECT, confusion lasted 4 hours. She also reported that her
vision became blurred and she bumped into objects on her right side. She
reported no headache or nausea. Neurologic examination showed right
bomonymous hemianopia, right pronator drift, right-sided Babinaki's
sign, and recent memory impairment. During ECT, her blood pressure
was recorded at 120 to 135 mm Hg systolic and 60 to 80 mm Hg diastolic.
She had no signs of bead injury. Laboratory studies, including complete
blood count, coagulation profile, collagen vascular studies, ECG, and
echocardiogram, were normal. CT showed a left parieto-occipital hemor-
rhage with no abnoxmal enhancement (figure, A).

Four days later, she awakened from sleep feeling “'strange,” and
she had bitten her tongue. EEG showed left posterior hemisphere
slow-wave activity without spike discharges. Anticonvulsant therapy
was initiated with phenytoin for a presumed seizure, and no further
wizures occurred. One week later, CT showed that the hemorrhage
was resolving. MRI showed the hemorrhage with surrounding edema,
but there was no evidence of neoplasm or arteriovenous malformation
(figure, B). Four months later, she had no more seizures and visual
field examination showed improvement. Depression was markedly
improved, and she had no cognitive or memory impairment. No
further ECT had been performed. She now lives independently.
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Discussion. The well-described adverse effects of ECT are acute
confusion and memory impairment.! It is controversial whether ECT
causes structural brain damage.? There have been reports of localized
edema, gliosis, and petechial hemorrhages located directly under-
neath the electrode site.* The most common systemic complications
of ECT are cardiovascular. When the electrical stimulus is applied
without atropine pretreatment, there is vagal activation which causes
bradycardia and hypotension. When the electrical seiznure occurs,
there is increased sympathomimetic activity, causing increased ar-
terial blood pressure and tachycardia.?

This patient was not hypertensive and had no other cardiovascular
disease; however, during the course of ECT she developed a lobar hemor-
rhage. The CT and MRI findings showed no characteristics to indicate
traumatic hemorrhagic contusion or hemorrhagic infarction from a po-
tential cardiac embolism. Without angiography, we cannot rule out an
“occult” vascular malformation. The blood coagulation profile showed
no evidence of coagulopathy. The etiology of the ICH could not be
determined. When an elderly normotensive patient develops a non-
traumatic lobar ICH, the possibility of cerebral amyloid angiopathy
{CAA) should be considered.®? There was no documented evidence of
acute hypertensive episodes during ECT'; however, it is probable that
CAA patients have fragile vessels that are particularly sensitive to even
mild blood pressure elevations that may have occurred during ECT.

In summary, we describe an elderly normotensive woman who
developed medically refractive depression and suffered nontraumatic
parieto-occipital hemorrhage following ECT. Since CAA is an in-
creasingly recognized cause of behavioral change in elderly patients, it
is important to consider this condition as a cause of ICH in elderly
patients, especially if ECT is being considered.
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Figure. (A) Initial CT. There is a left
(reader’s right) posterior parietal
hyperdense hemorrhage with surrounding
hypodense edema in the white matter and
no evidence of enhancement. (B) MRI
(performed 2 weeks later). Thereisa
subacute left posterior parieto-occipital
hemorrhage. There is a centrally
increased signal intensity with a
peripheral hypointense rim. Surrounding
the hemorrhage, there is high signal
intensity in the white matter,
representing edema.
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