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unilaterally to the hippocampus of adult rats to induce
temporal lobe epilepsy. The animals were then given
14 days for the development of generalized seizure
events, before the administration of either drug-loaded
or blank microspheres.

In detail, rats were anaesthetized with an i.p. injec-
tion of ketamine (70 mg/kg) and xylazine (10 mg/kg)
immediately prior to surgery. Carprofen (5 mg/kg, s.c.)
was also administered for pain relief. Once anaes-
thetized, the rats were placed in a stereotaxic apparatus,
and isoflurane (0.5% in oxygen, 2 L/min) was admin-
istered via a nose-cone. A small trephine opening was
drilled over the right hippocampi at coordinates 3.5 mm
caudal to Bregma and 3.0 mm away from the mid-
line using the atlas of Paxinos and Watson (Paxinos
& Watson, 2007). Using a Hamilton microsyringe and
infusion pump (KD Scientific Inc., USA) 125nL of
tetanus toxin solution per 100 g of body weight was
injected at a rate of 100 nL/min into the right hippocam-
pal CA3 area. Tetanus toxin solution contained 25 pg
of tetanus toxin dissolved in 250 pL of 0.05 M phos-
phate buffered saline (PBS; Sigma-Aldrich, UK) and
2% bovine serum albumin (Sigma-Aldrich, UK). The
syringe was left in-situ for 5min before being slowly
retracted to avoid back flow through the injection track.
Following the injection, five screw electrodes were
placed epidurally at five positions on the skull and
a 23 G guide-cannula was placed over the top of the
trephine opening (Fig. 1). Electrodes and cannula were
fixed to the skull using dental acrylic and the open-
ended cannula covered with surgical tape. Following
surgery, animals were placed on heat pads for recov-
ery, housed in single cages and allowed to recover for
four days.

Synchronized video-electrocorticography (ECoG)
monitoring was commenced on Day 5, and continued
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until the end of the experiments. ECoG was sampled
at 2,048 Hz and recorded using Grael HD PSG/ EEG
Amplifier (Compumedics, Australia) and ProFusion
EEG 4 software package (Compumedics, Australia).
ECoG recordings were necessary to determine seizure
duration as well as identifying sub-clinical events.
Video was recorded synchronously using a digital
network-camera (Vivotek, Taiwan).

2.7. Polymer microsphere implantation

Following nine days of ECoG recording, the animals
were randomly removed from recording cages at Day
14 and anesthetized with an i.p. injection of ketamine
(70 mg/kg) and xylazine (10 mg/kg). Once anaes-
thetized, rats were placed back on stereotaxic apparatus
and 0.5% isoflurane in oxygen were administered via
nose-cone. Openings to the cannulas were uncovered
and 2 pL of either Blank-PCL (n=6) or PHT-PCL
(n=6) loaded microspheres (1.5 pg of spheres dis-
persed in 2pL of saline) were injected at a rate
of 150nL/min. Microspheres made from 9% PCL
were used as they demonstrated satisfactory loading
efficiency and suitable morphology. Following micro-
sphere implantation, the syringe was left in place for
10 min before being slowly retracted to avoid back flow
through the injection track. Cannula openings were
then sealed with dental acrylic and wounds sutured.
The animals were allowed to recover on heat pads and
placed back in recording cages for further ECoG mon-
itoring. To monitor recovery from the second surgery
animals were taken out from the recording cage and
weighed daily. In addition, exploratory activity and
grooming behaviour were monitored twice daily (also
recorded on 24 hrs video recording).
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Fig. 1. Bxperiment Design (A); Schematic diagram illustrating the positioning of four epidural recording screw electrodes, Reference Electrode®

and Cannula ©(B).
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2.8. Data analysis

Recorded ECoGs were visualized using ProFusion
EEG 4 software package (Compumedics, Australia).
For each animal, 6-hours of ECoG recordings (6 pm-
12 am) were manually annotated for seizure onset
(marked by the initiation of continuous spike wave dis-
charge that is greater than 5 s in duration) until six days
after the implantation of polymer microspheres. Due
to inter-subject variation in seizure frequencies and
release data obtained from in-vitro study, seizure dura-
tion and number of seizure events were averaged over

three day blocks. The first three days following micro-
sphere implantation is termed the ‘Early’ monitoring
block where the next three days was designated as the
‘Late’ monitoring block. The duration of each seizure
was defined as the time (in seconds) from the begin-
ning of polyspike activity to the termination of spike
and wave activity prior to the post-ictal depression.
The mean seizure duration for each block were calcu-
lated by (a) first averaging the duration of all seizures
that a rat had in a single recording session (6 hours),
(b) then averaging all that rat’s session means over the
three day block, and (c) determining the mean = the

Fig. 2. Photomicrographs of the spheres prepared using an O/W emulsion from (A) 3%, (B) 6%, (C) 7.5%, (D) 9%,(E) 12% and (F) 15% PCL.
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standard error of the mean (S.E.M) of the block aver-
ages from all rats.

Severity of detected electrographic seizures were
classified using modified Racine Stages based on syn-
chronous video recording (Racine, 1972): where stage
1 is manifested as behavioural arrest with mouth/facial
movements; stage 2, head nodding; stage 3, forelimb
clonus; stage 4, rearing; stage 5, rearing and falling;
stage 6, loss of posture and generalized tonic clonic
seizure activity. For simplicity, in this study, seizures
were classified either as Non-Convulsive Seizures (cor-
relating to Racine Stage 1-3) or Convulsive seizures
(Correlating to Racine stage 4-0).

2.9. Statistical analysis

Results were statistically analysed using Sigma
Stat (v11.0, Systat Software, San Jose, CL, USA) and
GraphPad Prism (GraphPad Software, CA, USA) soft-
ware. Differences in the median seizure duration and
frequency between Blank-PCL and PHT-PCL treated
groups were determined using Two-Way ANOVA
with Repeated Measure. All results are shown as
mean £ S.E.M. unless otherwise stated.

3. Results
3.1. Characteristics of PHT-loaded spheres

PHT-loaded PCL microspheres were successfully
prepared by an O/W emulsion solvent evaporation
method. Samples prepared with 3% and 6% PCL
resulted in the formation of mono dispersed micro-
sphere dispersions. Once the polymer concentration
was increased beyond 7.5%, the associated increase
in PHT concentration resulted in concurrent formation
of large drug crystals with microspheres. Since drug
crystals complicate the drug release profile, they were
removed with an additional overnight washing step at
37°C (Fig. 2).

We have found that increased polymer concentra-
tion correlated with desirable increases in drug loading
efficiency and that the particle size of the spheres
increased with a broader distribution (Table 1). At
higher polymer concentrations (12% w/v and 15% PCL
w/v preparations), the microspheres agglomerated and
formed clusters as shown in Fig. 2 (E) and (F).

Based on this characterization, a 9% PCL prepara-
tion was chosen for in-vivo administration as it offered

Table 1
Summary of microsphere characterisation at different PCL
concentrations

Samples Particle Size Drug loading Drug loading

(pm) efficiency (%) efficiency (%)

after o/n wash

3% PCL 4.69 £0.05 42402 -
6% PCL 4.33+£0.04 232+18 -
7.5% PCL  6.75+0.36 30.7+3.3 125+33
9% PCL 729+0.11 53.1+£7.5 393132
12% PCL 6.48 £0.85 455+£22 29.5+£0.8
15% PCL  17.72+£3.39 839196 545+39

small particles for smooth injection and high encap-
sulation efficiency, which are important in minimizing
tissue damage while maintaining sufficient drug load-
ing. SEMs of the 9% PCL microspheres confirmed its
spherical structure with smooth surface morphology
(Fig. 3).

PHT release from the 9% PCL preparation was
investigated in aCSF (pH 7.4) solution at 37°C for
30 days. Following the overnight wash to remove
undissolved drug crystal, PHT release from the
PCL microsphere samples showed multi-stage release
behaviour, as shown in Fig. 4. During the first 2 days,
release waslinear with about 80 g of PHT released per
day. In the following 2 days, the release rate decreased
to about 20 pg/day before reaching 90% completion
at day 4. Studies have shown that the degradation
of PCL is known to follow an erosion mechanism,
which is very slow in aqueous medium due to its semi-
crystallinity and hydrophobic structure (Cho et al.,
1999; Jeong et al., 2003). This view supports the argu-
ment that the above drug release is predominantly a
result of diffusion.

3.2. Electrocorticography (ECoG)

Unilateral injection of tetanus toxin into the hip-
pocampus resulted in a syndrome of spontaneous
seizures previously described (Mellanby et al., 1977).
Rats that received tetanus toxin began to exhibit
repeated Wet Dog Shake (WDS) behaviour pattern
at approximately day 5-6 following toxin injection.
As limbic seizures progressed toward generalization,
high frequency epileptiform discharges recorded on
the ECoG would increase in duration, and clinical
events would progress from non-convulsive episodes
of behavioural arrest, staring and chewing (between
day 7-9 following toxin injection) to convulsive
seizure events involving behavioural arrest, facial
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Fig. 3. SEM micrographs of the PHT-loaded microspheres prepared
x5,000 magnification.
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Fig. 4. In-vitro release profiles of drug from the PHT loaded PCL microspheres in aCSF pH 7.4 at 37°C. The PHT loaded PCL microspheres

were prepared from 9% w/v PCL using an O/W emulsion method.

clonus, bilateral forelimb clonus, rearing and falling
after Day 9 for most subjects. The duration of each
seizure was measured using ECoG and was defined as
the time (in seconds) from the beginning of polyspike
activity to the termination of spike and wave activity
prior to the post-ictal depression (Fig. 5).

3.3. Overall seizure number and duration

As the majority of drug release was within the
first three days, effects of microsphere implantation
were categorized into ‘Early’ (within 3 days) and
‘Late’ (after 3 days) monitoring blocks. All animals
recovered from the microsphere injection with no
recorded reductions in body weights. Furthermore, no
signs of protest or stress were identified with animals
receiving the microsphere injection demonstrating nor-
mal exploratory and grooming behaviour.Immediately

after the implantation of PHT-PCL polymer micro-
spheres, rats demonstrated reduced number of seizure
events in the Early monitoring block compared to
those that received blank polymer spheres (Blank-PCL
1478 £ 2.803; PHT-PCL 5.233 4+ 1.625; P=0.0140).
Similarly, total seizure duration was decreased in the
Early monitoring block in rats implanted with PHT-
PCL polymers (Blank-PCL 577.0 £79.05 seconds;
PHT-PCL: 192.4 +£61.51 seconds; P =0.0033). The
anti-epileptic effect did not extend beyond the initial
three days as there were no statistically significant dif-
ferences between the groups in the Late-monitoring
block (Fig. 6).

3.4. Seizure severity

Seizures were further categorized either as con-
vulsive or non-convulsive. We found mean duration



