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ALBERTSON, T. E. AND R. M. JOY. Modification of excitation and inhibition evoked in dentate gvrus by perforant path
stimulation: Effects of aminophylline and kindling. PHARMACOL BIOCHEM BEHAYV 24(1) 85-91, 1986.—Rats were
implanted with chronic electrodes to stimulate the perforant path and record the elicited monosynaptic evoked potentials
from the dentate gyrus of the hippocampal formation. Dentate responses were examined in awake and anesthetized animals
after exposure to saline and aminophylline (100 mg/kg, IP). In the awake animal, aminophylline treatment did not signifi-
cantly alter the threshold or elicited amplitude of either the excitatory post-synaptic potential (EPSP) or the population
spike (PS). Aminophylline pretreatment markedly enhanced the length and severity of elicited seizures from hippocampal
(dentate gyrus) or perforant pathway stimulation. After daily perforant pathway stimulations which established ‘‘kindled"””
seizures, aminophylline significantly increased only the amplitude of the evoked PS in awake animals. In animals
anesthetized with chloropent, aminophylline increased significantly before kindling the amplitude of both the EPSP and PS
without effecting thresholds for each. After perforant pathway kindling, only the PS amplitude was increased significantly
by aminophylline. Inhibition, thought to be from GABA-mediated recurrent collaterals, was found to be increased rather
than decreased by kindling. Further, aminophylline treatment did not result in reduction of this inhibition before or after
kindling. These data suggest that at this dose of aminophylline neither enhanced transmitter release at this synapse as
measured by the amplitude of the EPSP, nor reduced recurrent collateral inhibition significantly contributed to the
prolongation of elicited seizure afterdischarge. The increase in PS amplitude reflecting an increased number of granule cells
excited to discharge with perforant path stimulation after aminophylline was noted in awake animals but was greatest in the
anesthetized animals. Although the number of granule cells excited to discharge was increased by aminophylline, the small
increase in amplitude seen compared to the effects of other neurotoxins on this synapse makes this an unlikely explanation
for the profound increased seizure response seen after aminophylline.
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THE methylxanthines, aminophylline (85% theophylline and
15% ethylenediamine) and caffeine have previously been
shown to increase the clinical severity and length of electri-
cally elicited limbic afterdischarges in rats [3, 4, 10, 16]. This
effect was found before, during and after limbic and cortical
kindling [3, 4, 10, 11] and was not found to be related to
alteration of seizure threshold [3,4]. One explanation for
these findings is that the methylxanthines interfere with the
processes which terminate electrical seizure activity [3,4].
Possible cellular mechanisms by which the methylxan-
thines could modulate the termination of seizures includes
inhibition of brain phosphodiesterase activity and/or by
blockade of central nervous system adenosine receptors

[36]. Adenosine receptor blockade is thought to be the most
sensitive mechanism by which the methylxanthines act, al-
though other possible mechanisms such as translocation of
intracellular calcium and inhibition of endogenous ben-
zodiazepine receptor binding have also been discussed [32,
33, 36].

The limbic system is well suited for further elec-
trophysiological studies on the mechanism of action of the
methylxanthines. The hippocampal formation has a rela-
tively simple, well laminated structure with well defined af-
ferents and efferents [11, 20, 45]. The neurotransmitters act-
ing at the various synapses have been tentatively identified
in most cases [45]. A consistency of structure and extensive
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lamination yields evoked field responses to activation of var-
ious afferent pathways that are large in amplitude and easy to
measure. Extensive analysis of these potentials has led to
acceptance of the origin of certain of the evoked response
components [5, 6, 30, 35]. The dentate field response to
stimulation of the perforant path is monosynaptic and can be
readily separated into components produced by the syn-
chronously elicited population excitatory postsynaptic po-
tentials (EPSP) and the synchronously elicited cell dis-
charges or population spikes (PS) [5,6]. Many of the
synapses within the hippocampal formation exhibit strong
neuroplastic reactions to repetitive stimuli. They have been
shown to exhibit short-term potentiation, long-term potenti-
ation and related phenomena which are potentially important
mechanisms involved in kindling [8, 9, 14, 15, 30, 31, 39, 40].

The perforant path to dentate evoked potential has been
used to evaluate the mechanism of action of the chlorinated
hydrocarbon lindane, a drug which has been shown to in-
crease the rate of limbic kindling but to have no effect on the
fully kindled seizure [21). Other laboratories have also
utilized this monosynaptic limbic evoked potential to eval-
uate several other drugs and their mechanisms of action in-
cluding their effects on recurrent collateral inhibition [1, 18,
46].

In this paper we report an analysis of the effects of the
methylxanthine, aminophylline, on responses evoked in the
dentate gyrus to perforant path stimulation before and after
perforant path kindling.

METHOD
Surgical Preparation

Four male Sprague-Dawley rats, 250-350 g, were
anesthetized with 3.6 ml/kg of Chloropent® (Fort Dodge
Laboratories; each milliliter contains 42.5 mg chloral hy-
drate, 21.2 mg MgSO,, 8.9 mg pentobarbital and 14.3% ethyl
alcohol) and placed into a stereotaxic device (incisor bar 5
mm above the intraaural line). The skull was exposed, and 2
mm diameter holes were drilled to place electrodes. The
stimulating electrodes were made from twisted pairs of 34
gauge stainless steel wires insulated except at the tips which
were 1 mm apart. The electrode was placed into the right
perforant path at the medial entorhinal cortex (near the
angular bundle) using coordinates of 7.0 mm posterior to
bregma, 4.1 mm lateral to midline and 3.2 mm below the
cortical surface. A recording electrode of similar design was
inserted into the dorsal blade of the right dentate gyrus (2.0
mm posterior to bregma, 1.0 mm lateral to the midline and
3.5 mm below the cortical surface). A stainless steel screw
was placed over the frontal sinus to serve as ground. The
electrodes were inserted into a 5-pin Amphenol® connector
which was attached to the skull with dental acrylic cement.
Two weeks were allowed for recovery.

Recording and Stimulation

Stimuli were square-wave pulses formed by a WPI Model
830 stimulator delivered through WPI Model 850 isolation
units. Pulses were 0.1 msec in duration and varied in ampli-
tude from 3 to 50 volts. In most cases, pulse pairs (inter-
stimulus interval=30 msec) were employed at a repetition
frequency of 0.2 Hz.

Dentate responses were amplified using Grass Model
7P511 amplifiers with low and high frequency cutoffs at 3 Hz
and 10 kHz. Responses were observed on a Tektronix 565
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TABLE 1

EFFECT OF AMINOPHYLLINE ON DENTATE GYRUS RESPONSE TO
PERFORANT PATH STIMULATION IN AWAKE CHRONICALLY
IMPLANTED RATS

State Measure Saline Aminophylline
Prekindled  Amplitude EPSP  97.5 + 5.9% 108.3 = 7.8
PS 83.1 = 5.6* 109.5 = 5.6
Threshold EPSP 97 =+ 1.2 99.3 + 2.8
PS 98 = 1.4 105 =32
Kindled$§ Amplitude EPSP 965 + 3.6 105.8 = 4.8
PS 83.5 + 4.6% 1.1 = 317
Threshold EPSP 101 = 0.6 102 = 1.2
PS 99 =1 98 = 0.5

*p=0.05, Tp=<0.01.
+Values in percent of control trial (mean = SEM).
§Perforant path kindling.

and a Nicolet 3091 digital storage oscilloscope. The re-
sponses were also recorded on a Hewlett-Packard Model
3521 FM tape recorder. For purpose of data analysis, groups
of ten responses were summed at intervals on a Mnemetron
Computer of Average Transients, and the resultant was plot-
ted out on a Grass Model 78B polygraph.

Procedure—Evoked Potentials

Each subject was placed in a Plexiglas box (30x30x45)
twice weekly and stimulated until stable evoked responses
were obtained. This usually took two to three weeks. Each
animal was then randomly tested weekly in one of three
paradigms: (1) an awake control period followed by an
awake saline (1 ml/kg) control period 15 minutes after injec-
tion and an aminophylline (100 mg/kg) test period 15 minutes
after injection; (2) an awake control period followed by an
anesthetized control period (3.6 ml/kg IP Chloropent®) fol-
lowed by a saline (1 ml/kg) test period 15 minutes after injec-
tion; and (3) an awake control period followed by an
anesthetized control period followed by an aminophylline
(100 mg/kg) test period.

In each situation, the subject was given 15 minutes to
acclimatize, then awake thresholds for evoking the EPSP
and PS were determined. The ‘‘low’’ stimulus intensity was
adjusted to generate a pure EPSP uncontaminated by a PS at
approximately 70-80% of the PS threshold. The *‘high™
stimulus intensity was adjusted to produce a PS amplitude
70-80% the maximal attainable. Five averages of ten re-
sponses each were then gathered. Next, pulse pairs of equal
voltage and duration (0.1 msec) were presented with inter-
pulse intervals ranging from 10-200 msec. Averages of ten
responses at each interval tested were formed and plotted for
later analysis. This procedure was repeated for each of the
three weekly paradigms. During evoked potential testing,
anesthesia was maintained at depths which abolished with-
drawal responses to toe pinch by administering additional 0.5
ml/kg doses of Chloropent®, IP, at 60-minute intervals. Body
temperature was kept at 38°=1°C with a constant tempera-
ture heating pad and wraps.

Data Analysis—Evoked Potentials

The analysis of waveforms followed closely that de-
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TABLE 2

EFFECT OF AMINOPHYLLINE ON DENTATE GYRUS RESPONSE TO PERFORANT PATH
STIMULATION IN ANESTHETIZED CHRONICALLY IMPLANTED RATS

State Measure Anesthetized Saline Aminophylline
Prekindled Amplitude EPSP 92 =+ 9.2§ 102.6 = 1.59 121.9 = 16.4*¢
PS 67.9 = 7.6% 98.5 + 3.3 140.7 + 22.0%
Threshold EPSP 100.2 + 2.2 101.5 = 2.5 103.5 = 3.7
PS 110.5 + 7.4 105.9 = 4.8 98.5 + 1.1
Kindled# Amplitude EPSP 92.1 = 6.0* 92.7 + 6.9% 103.5 = 6.0
PS §5.7 = 3.8% 111.7 = 7.8 127.2 = 6.0%
Threshold EPSP 101.4 = 1.3 96.2 + 0.7 101.7 = 1.3
PS 107 =+ 3.5 107.9 = 4.8 103.4 = 2.3

*p=<0.05, Tp=<0.01, p=<0.001.

§Values (mean =+ SEM) in percent of awake controls.
{Saline and aminophylline are in percent of anesthetized control values (mean + SEM).

#Perforant path kindling.

scribed by Bliss and Lomo [8] and Douglas and Goddard
[15]. The EPSP was defined on the basis of latency and on its
ability to follow stimulation frequencies above 50 Hz [15].
This latter test was done at the end of the experiment. The
amplitude of the EPSP was determined from records where a
pure EPSP uncontaminated by a PS was observed or else on
the basis of its slope in the period before the PS began. The
PS was defined by its waveform and latency and by its re-
sponse to a preceeding stimulus. Preceeding stimuli below
threshold for evoking a PS typically potentiated the response
to the second stimulus while preceeding stimuli strong
enough to evoke a PS typically abolished the PS to the sec-
ond stimuli by activating recurrent inhibition.

During each of the various periods tested in each
paradigm, the following measurements were obtained: (1)
EPSP threshold; (2) PS threshold; (3) PS amplitude (single
stimulus); and (4) PS amplitudes (paired stimuli). When pairs
of stimuli were used, the amplitude of both the first (PS1) and
the second (PS2) population spike was determined. The
ratio (PS2)/(PS1) was derived to estimate the extent of recur-
rent collateral inhibition produced by PS1 during the
paired-pulse studies.

Interaction Between Kindling and Aminophylline
Administration

The four subjects chronically implanted with stimulation
and recording electrodes from the above study and two ad-
ditional similarly implanted animals which had not under-
gone evoked potential testing were stimulated twice weekly
15 minutes after saline (1 ml/kg) or aminophylline (100
mg/kg) through either the perforant path electrode or the
dentate electrode using a modified Grass S-44 stimulator that
delivered 400 uA stimulus of 1-sec train of 60 Hz biphasic
square waves, each 1 msec in duration. Electrical activity
from the dentate and the perforant pathway were recorded
until all evidence of seizure activity had ceased. Observation
of seizure rank (0-5 scale) was made for each trial. After
these four trials, animals were not stimulated for three days,
then daily perforant path stimulations with the same stimu-
lation parameters were done until stable, fully kindled sei-
zures developed (seizure rank 5). When kindling was com-
plete, subjects were evaluated for the effects of aminophyl-

TABLE 3

RECURRENT INHIBITION STUDY OF POPULATION SPIKES IN
AWAKE CHRONICALLY IMPLANTED RATS

State Saline Aminophylline
Prekindled 88.3 = 19.17% 108.0 = 23.0
Kindled 854 = 5.1* 104.2 = 4.0
*»<(0.05.
tMean + SEM.

tValues in mean percent of awake control measured as time to
50% recovery of PS2 as compared to PS1 expressed as percent of
awake control. Awake prekindled control time=23 + 6.6 msec
(N=4) and awake kindled control time=42.4 = 2.0 msec (N=35).

line on evoked responses in a manner similar to that previ-
ously described. After this, the animals were again subjected
randomly to twice-weekly seizure stimulation of either the
perforant path or dentate gyrus 15 minutes after either saline
(1 ml/kg) or aminophylline (100 mg/kg) exposure.

Statistical Evaluation

Evoked response comparisons between control, saline
and aminophylline administration were made between
groups using paired 7-test. The effects of aminophylline on
perforant path or dentate elicited seizure afterdischarge du-
rations were compared using the Student’s -test. All non-
parametric measures, including rank scores and transforma-
tion of rank scores, were made using the Mann-Whitney
U-test or a signed ranks test. Histological verification of
electrode placement revealed no major variations.

RESULTS
Perforant Path-Dentate Gyrus Evoked Potentials

Previous work by this laboratory and others [2, 5, 6, 12,
21, 34, 39, 46] have described and illustrated the various
components of the perforant path-dentate gyrus evoked po-
tentials. The effects of aminophylline on the dentate gyrus
evoked potentials after perforant path stimulation in awake
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TABLE 4
RECURRENT INHIBITION STUDY OF POPULATION SPIKES IN CHRONICALLY IMPLANTED RATS
) Saline Aminophylline
State Awake Anesthetized ()¢ (%)Y
Prekindled 26.5 = 5.8%8§ 60 =+ 9.9* 50.3 £ 9.6 (83.8)* —
(N=4) 277+ 5.4 51.5 = 2.5% — 51 5.4 (99
Kindled 4 =+ 6.6 54.6 + 8 55.2 = 6.9 (101.3) —
(N=3) 45  + 3.4% 50 +6.3 — 63 + 5.7 (126)

*»=<0.05 compared control same state awake.

tp=0.05 compared to prekindled.
fMean = SEM in msec.

§The paired pulse interval at which the second elicited population spike (PS2) amplitude is 50% of

the first population spike amplitude (PS1).
fPercent of anesthetized control.

TABLE 5
PERFORANT PATH KINDLING ACQUISITION

Mean Seconds of Total Seconds of

TABLE 6

EFFECTS OF AMINOPHYLLINE AND KINDLING ON HIPPOCAMPAL.
OR PERFORANT PATHWAY STIMULATION

Mean Stimuiations Afterdischarge Accrued After- After-
to First Stage Duration ot discharge to First discharge 2
N S Seizure First Stage 5 Seizure  Stage 5 Seizure State Stimulation  Drug (sec) Rank  Status
5 9.2 = 1.1* 89 + 20.2 455 + 41 Prekindled Hippocampus S 24 0.2 0
(Dentate)
*Mean = SEM. A 200* S* 84
Perforant S 34 0.8 0
Path
. . . . A 176* 4* 67
animals chronically implanted with electrodes before and
after perforant path kindling is demonstrated in Table 1. Kindled® Hippocampus S 71+ 3% 0
Small increases in the amplitude of the PS and EPSP were (Dentate)
seen after 100 mg/kg aminophylline before and after kindling. A 190* 5 100
Only the kindled PS amplitude increase reached statistical
significance (p <0.05). No changes in EPSP or PS thresholds Perforant S 697 3.8+ 0
were noted in the awake animals (Table 1). Table 2 demon- Path
strates that with Chloropent® anesthesia, the PS amplitude A 127* 4.2 40

was significantly decreased both before and after kindling.
The reduction in EPSP amplitude with anesthesia was small
and less than the reduction in PS amplitude. With anesthesia,
no significant changes in thresholds were also noted after
aminophylline (Table 2). Aminophylline significantly in-
creased the PS amplitude in anesthetized subjects before and
after kindling (Table 2). The prekindled EPSP amplitude in
anesthetized subjects was also significantly increased (Table
2). No consistent change in thresholds was noted with
aminophylline before or after kindling. No differences were
noted in any measures between the three animals tested be-
fore and after kindling compared to the two animals that
were kindled without prekindled evoked potential determi-
nations.

Recurrent Inhibition

The rate of recovery of PS2 during paired stimulus pre-
sentation was used to provide a measure of recurrent collat-
eral inhibitory strength. In the awake animal, no significant
effect of aminophylline was seen on recurrent inhibition
measurements (Table 3). A marked increase in control time
to reach 50 percent recovery of PS2 was noted after kindling

*»=0.05 compared to saline.

tp=0.05 compared to prekindled.

$S=saline (ml/kg): A=100 mg/kg aminophyliine.

§Percent of animals displaying prolonged (greater than 200 sec)
severe seizures. Animals in status epilepticus were assigned 200 sec
afterdischarge durations.

€Perforant path kindling.

(23+£6.6 vs. 42.4+2.0. mean=SEM msec) in the awake
animal. The influence of PS1 on PS2 was significant and
greatly extended in time by anesthesia before kindling (Table
4). After kindling, anesthesia further increased the 50 per-
cent recovery time of PS2 only an additional 5-10 msec (Ta-
ble 4). In the anesthetized subject, recurrent inhibition was
not significantly changed by aminophylline before or after
kindling (Table 4).

Interaction Betwen Kindling and Aminophviline
Administration

The various acquisition parameters of perforant path
kindling are shown in Table 5. Aminophylline pretreatment
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markedly increased the length and severity of seizures elic-
ited from both hippocampal and perforant path stimulation
(Table 6). Hippocampal stimulation with aminophylline pre-
treatment resulted in the greatest augmentation both in the
prekindled and kindled state. A higher percentage of animals
went into status epilepticus (afterdischarge duration greater
than 200 sec and severe tonic/clonic seizures) with
aminophylline after hippocampal stimulation than compared
to perforant path stimulation (Table 6). All animals in status
epilepticus were treated with 1 mg/kg [P diazepam to termi-
nate the seizure after 200 sec. Despite this treatment, one of
the prekindled animals stimulated in the hippocampus died in
status eptlepticus. Kindling did not further change the re-
sponse to aminophylline after either hippocampal or perfo-
rant path stimulation (Table 6).

DISCUSSION

In interpreting the field potentials from the dentate gyrus,
Andersen ¢r al. [6] have provided evidence to suggest that
the amplitude of the population spike (PS) reflects the
number and synchrony of granule cell discharges. Interpre-
tation of the excitatory post-synaptic potential (EPSP) is
more complex {1, 5,6, 8,9, 14, 15, 24, 30, 35, 38, 40, 46] with
an increase in amplitude thought to be due to either: (1) an
increase in number of perforant path fibers activated by the
stimulus; (2) an increase in the efficacy of the synaptic proc-
ess through increased transmitter release and/or enhanced
receptor properties; and (3) a decrease in the background
level of tonic afferent input [8]. A reduction in amplitude of
the EPSP may represent opposite influences from those out-
lined above, such as a decrease in membrane resistances or
cellular depolarizations. The data presented in this paper
suggests that synaptic activation via perforant path afferents
(EPSP amplitude) was not consistently enhanced by
aminophylline treatment. Only the prekindled anesthetized
state showed a significant, though small, increase in EPSP
amplitude with large variability after aminophylline.

A small but consistent increase in granule cell excitability
to perforant path input was demonstrated by an increase in
PS amplitude after aminophylline before and after kindling.
The magnitude of this increase is relatively small compared
to other proconvulsant agents such as the chlorinated hydro-
carbon, lindane, which has been extensively studied in this
model [21,22]. The cause of the increase in granule cell ex-
citability after aminophylline can only be inferred from pre-
vious studies. Although the dose of aminophylline used in
this study is high enough to potentially inhibit phosphodies-
terase activity, effect translocation of intracellular calcium
and inhibit benzodiazepine receptor binding [32, 33, 36}, a
great deal of evidence points to a mechanism of action
through blockade of the adenosine receptor [36]. The A,
adenosine receptor site densities are greater in the dorsal
versus ventral hippocampus [25.41] and correlate well with
the in vitro modulatory action by adenosine of evoked po-
tentials in the hippocampal slice preparation [17, 26, 27, 28,
29, 42]. The methylxanthine theophylline antagonizes the
depressive effect of adenosine on neural afterdischarges
generated in vitro from hippocampal slices in the presence of
penicillin or low extracellular calcium concentrations [28].
Further, antidromic stimulation studies in this same prep-
aration [28] have pointed to a post-synaptic site of action of
adenosine in regulating repetitive discharges which are char-
acteristic of epileptiform activity. In an in vivo study, Dol-
phin [12] has shown that the long-term potentiation elicited

after a brief high frequency stimulation of the perforant path
to dentate evoked potential can be inhibited by local infu-
sions near the granule cells of the adenosine agonist,
2-chloroadenosine, while short-term potentiation was still
produced. Dolphin and Archer [13] have shown that
2-chloroadenosine also inhibited while theophylline en-
hanced the K*-induced release at [*H] glutamate but not [*H]
GABA from slices of rat dentate gyrus. Together, this evi-
dence points to the location of adenosine and aminophylline
action to most likely be post-synaptic, for example on the
granule cells, although presynaptic contributions have not
been eliminated [13. 37, 43].

Although some previous workers have found lowered
pentylenetetrazol and maximal electroshock seizure
thresholds after high dose aminophylline [47], this laboratory
and others have previously reported no significant change in
the electrical thresholds for amygdaloid kindled seizures
after methylxanthines [3, 4, 16]. The present study demon-
strated a lack of effect of aminophylline on the electrical
threshold needed to elicit an EPSP or PS in the perforant
path-dentate monosynaptic evoked potential before and after
kindling. This finding is further evidence for the lack of gen-
eral lowering of thresholds as a major mechanism for the
effect of methylxanthines on seizures.

Previous studies have utilized the presumed GABA
mediated recurrent inhibition on granule cell PS amplitudes
in response to a second perforant path stimulation to deter-
mine drug effects on in vivo inhibitory function [1, 18, 21, 22,
44, 46]. A reduction of recurrent collateral granule cell inhi-
bition has been reported after trimethyltin, bicuculline and
local kainic acid exposure [18, 44, 46]. An increase in inhibi-
tion has been seen with diazepam and valproic acid [1,46],
while lindane [21,22] and now aminophylline have failed to
alter this inhibition. The present study with perforant path
kindling is consistent with the previous reports [2,46] in
which both amygdala and dentate kindling increased rather
than decreased perforant path-dentate recurrent inhibition.
Although Winson [48] utilized Chloropent® anesthesia in
studying the effects of median raphe prestimulation on perfo-
rant path-dentate recurrent inhibition, he failed to directly
comment on its effect on inhibition. In this study. Chloro-
pent® significantly increased recurrent inhibition and re-
duced initial PS amplitude.

Previous studies using slightly different electrode place-
ments and stimulation parameters have reported that 48% of
animals were kindled after fourteen days of daily perforant
path stimulations in one study [34], and in another a mean of
nineteen stimutations were needed to kindle the animals [23].
The 9.2 daily perforant-path stimulations needed to kindle in
this study are less than previous reports. Beyond parametric
differences, the previous exposures to aminophylline and
episodes of status epilepticus before daily kindling events
started may have contributed to the reduced number of
stimulations needed to kindle in this study.

Although formal 1/O studies were not done before and
after kindling in this study, no change in EPSP thresholds or
amplitudes were noted. This finding is similar to previous
reports with monosynaptic evoked potentials from lateral
enterohinal cortex to dentate granule cells after kindling [19].
Some investigators have reported increases on EPSP ampli-
tudes with hippocampal kindling [2]). Maru ¢7 al. [34] have
reported a transient increase in evoked perforant path-
dentate EPSP amplitude and a variable PS effect with
perforant-path kindling, while Tuff ez al. [46] failed to show a
change in either PS or EPSP amplitude in the same perfo-
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rant path-dentate evoked potential after either amygdaloid or
dentate kindling.

Profound prolongation of the elicited afterdischarges from
either perforant path or dentate stimulation with the
adenosine antagonist aminophylline is consistent with previ-
ous reports regarding its effect in the amygdala and neocor-
tex before and after kindling [3, 4, 10, 16]. Complementary
reports have pointed to the anticonvulsant properties of
adenosine agonists in these models [4, 7, 16], further suggest-
ing an important role for adenosine in the modulation of
seizure termination. Further experiments with lower doses
of aminophylline and other adenosine antagonists (e.g., caf-
feine) and agonists (e.g., 2-chloroadenosine) are needed to
better understand the exact role of adenosine modulation in
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elicited perforant path or dentate afterdischarges and evoked
potentials.

Together this study fails to demonstrate a generalized re-
duction of limbic recurrent inhibition to explain the effect of
aminophylline on prolonging limbic seizures before and after
kindling. Similarly, granule cell EPSP amplitude and
threshold are not obviously involved. The small increases
seen in PS amplitude with aminophylline before and after
kindling primarily in the anesthesized state seems unlikely to
account for the lack of termination of seizures seen with
aminophylline. Further, in vivo and in vitro studies to better
understand the mechanisms involved in terminating seizures
and the interaction of kindling and aminophylline are
needed.
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