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EEG is a useful method to detect electrical activity in the brain. Moreover, it is a widely used diagnostic tool for various neurological conditions,
such as epilepsy and neurodegenerative disorders. However, it is technically difficult to obtain EEG recordings in neonates as it requires
specialized handling and great care. Here, we present a novel method to record EEG in neonatal rat pups (P8-P15). We designed a simple and
reliable electrode using computer pin loci; it can be easily implanted into the skull of a rat pup to record high-quality EEG signals in the normal
and epileptic brain. Pups were given an intraperitoneal (i.p.) injection of the neurotoxin kainic acid (KA) to induce epileptic seizures. The surgical
implantation performed in this procedure is less expensive than other EEG procedures for neonates. This method allows one to record high-
quality and stable EEG signals for more than 1 week. Furthermore, this procedure can also be applied to adult rats and mice to study epilepsy or
other neurological disorders.

Video Link

The video component of this article can be found at https://www.jove.com/video/55489/

Introduction

It is well established that continuous communication between neurons is required to obtain normal brain function. The interneuronal
communication primarily takes place at synapses, where information from one neuron is conveyed to a second neuron. This synaptic
transmission is mediated by two types of dedicated structural arrangements: electrical or chemical synapses ' Electrophysiology is the field that
captures the electrical potential produced during interneuronal communication that control overall body functions and behavior “. EEG is the most
commonly used method among many electrophysiological techniques.

EEG is a technique used to detect changes in electrical signals produced by internal or external stimuli. Moreover, it is an essential test for
clinical diagnosis and outcome prediction of various neurological conditions such as epilepsy, Parkinson's and Alzheimer's disease, as well as
effects of pharmacological and toxicological agents 8, Generally, an epileptic patient shows hyperexcitability and impaired functional connectivity
within the brain; these are summarized as interictal epileptiform discharges (IEDs) and can be recorded by EEG in the form of sharp, transient
spikes; sharp waves; spike-wave complexes; or polyspikes * The main feature of the epileptic brain is the spontaneous occurrence of epileptic
seizures, which can be recorded either from the scalp or from the brain parenchyma in order to locate the brain area responsible for the seizures

. Furthermore, EEG also has very important implications in neurodegenerative disorders like Alzheimer's disease (AD). Research suggests that
altered EEG recordings and impaired oscillatory networks in AD patients are common. However, our knowledge about the pathophysiology of
network oscillations in neurodegenerative diseases is surprisingly incomplete and needs to be further explored €

In this protocol, we have designed a simple electrode with which one can record EEG to understand the electrical communication in both the
normal and the pathological brain. The surgical implantation in this method is cheaper than other available procedures 7 Moreover, this method
can be used to record high-quality and stable EEG signals for longer timeframes (i.e., 2-4 h every day for 1 week). In addition, we used lighter
electrodes (weighing approximately 26 mg) that enable the animals to behave more naturally 8. This method is widely applicable to the study of
EEG in neonatal rat pups that requires the amplifier and digitizer, commonly used in electrophysiology lab and does not require any additional
devices.

Protocol

Animal care, surgical procedure, and recording procedures were in accordance with the guidelines for the South China Normal University Animal
Care and Use Committee.
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1. Electrode Preparation (Figure 1A-C)

NOTE: Computer pin loci is simply a pronged contact as a part of signal interface in communication devices. It consists of a male connector that
plugs into the female connector.

1.

2.

Carefully separate the male and female pins from the computer pin loci (Figure 1A) with the help of a pincer. Connect the male and female
pins together to form an electrode and apply cyanoacrylate to create a strong adhesive bond (Figure 1C).

Put the electrodes into a beaker filled with distilled water for and place it to ultrasonic cleaner for 10 min. Move them to a drying oven at 45 °C
for 30 min. Sterilize the electrodes using UV light for 30 min.

2. Surgical procedure (Figure 1D-F)

9.

Prepare the sterilized surgical instruments and stereotaxic apparatus. Anesthetize the neonatal rat pup using isoflurane anesthesia (2.5 %)
with air. When the pup is deeply anesthetized, adjust the dose of isoflurane to 1.0%. Perform a tail or toe pinch prior to the surgery to ensure
the proper depth of anesthesia.

Fix the head of the pup in the stereotaxic apparatus by placing the ear bars into the ear canals and slightly tightening them.

NOTE: Do not excessively tighten the ear bars, as the neonatal skull is very soft.

Maintain the sterile surgical field by spraying all equipment with 70 % ethanol. Make a 15-mm incision on the head using a scalpel. Using
forceps, gently pull the scalp away from the midline at the four corners. Put some saline-soaked cotton below the skin to keep the incision
wide open (Figure 1D).

Find the bregma and lambda points on the skull and mark them with a pencil. Use a syringe needle (26 G) to make two burr holes into the
prefrontal cortex (PFC) and hippocampus.

NOTE: The PFC is located at +1.8 mm posterior to bregma and -0.5 mm lateral to the midline, while the hippocampus is located at -2.0 mm
anterior to bregma and +0.5 mm lateral to the midline (Figure 1D and E). The depth of the electrode should not be more than 2 mm below the
cortical surface to minimize brain damage.

Use forceps to hold the electrodes and insert the reference and recording electrodes into the PFC and hippocampus, respectively. Apply
erythromycin ointment around the electrode to avoid any possible infection. Fix the electrode using cyanoacrylate.

Prepare dental acrylic cement so that it has a gluey and viscous consistency. Apply the dental cement to cover the electrodes and the rest of
the skull.

NOTE: Thoroughly dry the skull before applying the dental cement.

Apply 5% picric acid onto the electrodes to protect them.

NOTE: The entire procedure should be done in a biosafety hood to maintain sterile conditions.

Remove the animal from the stereotaxic frame and inject 300 pL of 10 % glucose subcutaneously. Place it on a heated blanket for recovery.
Make sure that the animal is warm (37 °C) and ambulatory (i.e., completely recovered). Administer buprenorphine intraperitoneally (0.05 mg/
kg) for post-surgical pain.

NOTE: Do not leave an animal unattended until it has regained sufficient consciousness (i.e. normal behavior and movement).

Return the pup to its home cage with their dam after it regains consciousness. Wait for two days until the animal is fully recovered.

3. EEG Recording

After full recovery, connect the electrodes implanted on the skull of the pup to the amplifier in its own cage. Connect the amplifier to an
analogue-to-digital converter and attach the converter to a computer; the connecting lines should be treated carefully so that they do not get
tangled.

Select at least 10,000 Hz sampling rate on the data acquisition unit for recording (the bandwidth of the transmitter is 1-100 Hz). Ensure that
the data is sampled properly.

After getting the baseline recording, inject the pup intraperitoneally with kainic acid (KA) (2 mg/kg) to induce epileptic seizures. 15 min after
the KA injection observe and record the epileptic discharges. Seizure produce through KA are usually physical.

NOTE: The ictal-tonic duration is about 15.2 +0.9 s, seizure duration is about 62+5 s. Seizures can be prevented in the neonatal rat by giving
IP injection of chloral hydrate (400 mg/kg).

Save the digitized data and analyze it using signal-processing software packages, such as spike2. Reveal the power level of different
frequency components in the neonatal EEG signal by performing a power spectrum analysis. Calculate the power in a 1-min timeframe by
finding the root-mean-square amplitude from 1 to 100 Hz (EEG band) °,

Representative Results

If the above surgical procedures are conducted properly, one channel rat neonatal pup EEG recording will be successfully performed. 10 min
after the KA injection, a regular pattern of behavioral signs emerged in the form of irregular movements and scratching, tremors, and loss of
balance. Figure 2 shows the representative raw EEG traces and interictal, ictal-tonic, and ictal-clonic expanded traces. Recurrent interictal and
ictal EEG discharge patterns started 15-60 min (30 £5.2 min; mean +SEM) after KA injection (Figure 2A and 2B). Figure 2D and 2E represents
the tonic-clonic seizures that are the most common type. The ictal-tonic duration lasted 15.2 +0.9 s (Figure 2D). The representative results
showed that tonic discharges were followed by clonic bursts (Figure 2B, 2D, and 2E).
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Figure 1: lllustration of Surgical Implantation Protocol. (A) Tiny computer pins. (B) Female pin (left) and male pin (right). The scale bar is
used to measure the length of the female pin. (C) Connected female and male pin. (D) Exposed skull. No. 1 presents the reference site, No. 2
presents Bregma, No. 3 and 4 present recording sites, and No. 5 presents Lambda. (E) Electrode implantation. No. 1 presents the reference
electrode, No. 3 and 4 present the recording electrode. (F) Recovered rat pup (P9). Please click here to view a larger version of this figure.
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Figure 2: KA-induced Neonatal Seizure. (A) A representative EEG trace from a P10 rat that was injected with KA (2 mg/kg, i.p.) showed
recurrent epileptic burst discharges. (B) Extended view of single cluster-like epileptic discharges from the box in A. (C, D and E) Typical interictal,
ictal-tonic, and ictal-clonic traces expanded from the box in B. (F) Summarized data showing the average EEG power (1 min time window) before
and after the KA injection (mean +SEM). Please click here to view a larger version of this figure.
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Figure 3: EEG Recording Set-up. Representativetrace recording is shown in fre-ely moving neonatal rat pup. Please click here to view a larger
version of this figure.

Here, we report surgical and recording procedures to acquire EEG in freely moving neonatal rat pups by wired method (Figure 3). It has been
suggested that the P7-P12 rat pup is at the developmental age that corresponds to a full-term human neonate 01 tis technically difficult to
gbtam high-quality EEG recording data when working with rat pups in this age group. In addition, it requires specialized handling and great care

PreV|ous studies examining in vivo EEG recordings in neonatal rats have been conducted using wired recording solutions in P12 or older animals
2, but these approaches are very costly. By relying on simple electrodes, we have been able to make an electrode (Figure 1) that reduces the
cost of the experiment to as little as $1 while still giving high-density EEG recordings. Surgical implantation in this method can take as little as 10

min, depending on the complexity of the surgery.

The critical steps in this protocol is the implantation of electrodes. It should be done carefully. To maintain constant contact of the electrode

with the skull, the following steps are important to consider. Firstly, remove the tissue debris on the skull with the help of sterilized cotton swab
because it may set apart the electrode from the skull. Secondly, use cyanoacrylate properly to attach the electrode with the skull. Thirdly, keep
the adequate viscosity of dental cement. It is better to apply dental cement in two layers; first layer should be a little dense to cover the skull
while the second layer should be a little runny to cover the corners of first layer. Tap the dental cement gently with a pipette tip to settle it down to
make the strong adhesive bond. If it is too watery it may build an insulating layer under the electrode, and if it is too dense, the dental cement will
easily fall off from the skull due to its own weight. It is also important to maintain the pup's body temperature at 37 °C throughout the surgery for
survival.

The application of this procedure is limited to recording EEG in neonatal rat pups between the ages of P8 and P15 because the growing pups
may remove the dental cement and electrode from their skull. In terms of further applications, this method can also be used to record the
electrical activity of adult rats and mice after minor modification. Moreover, this method lends itself well to use in various behavioral experiments,
such as the elevated plus maze.
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