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ABSTRAK  

Abstrak daripada kertas projek yang dikemukan kepada Fakulti Perubatan Veterinar untuk 
memenuhi sebahagian daripada keperluan kursus VPD – 4999 (Projek Ilmiah Tahun Akhir) 

 

PERUBAHAN ELEKTROENSEFALOGRAFI AKIBAT RANGSANGAN 
ELEKTRIK DAN ACEPROMAZINE PADA ANJING YANG DIBIUS SECARA 

MINIMA  

Oleh 

Yap Coco 

2023  

Penyelia: Dr. Ubedullah Kaka 

 

Elektroensefalografi (EEG) telah digunakan untuk menilai keberkesanan analgesik ubat-

ubatan yang bertindak pada sistem saraf pusat (CNS) pada haiwan-haiwan yang telah dibius. 

Peningkatan frekuensi median (MF) dengan pengurangan jumlah kuasa (Ptot) telah dilaporkan 

apabila haiwan mengalami kesakitan (nociception). Kebanyakan penyelidikan mendapati 

analgesik sedatif atau ubat yang bertindak pada CNS menghalang peningkatan MF apabila 

dirangsang oleh rangsangan elektrik. Walaubagaimanapun, persoalan telah dikemukakan 

bahawa perubahan MF ini adalah akibat sedasi yang menekan pada CNS. Acepromazine (ACE) 

ialah fenotiazin yang bersifat sedatif tanpa kesan analgesik. Oleh itu, kajian ini bertujuan untuk 

menyiasat kesan sedatif ACE ke atas EEG apabila dirangsang elektrik. Enam anjing diberikan 

ACE secara intravena (IV), bermula dari 0.05 mg/kg, diikuti dengan 0.1 mg/kg dan 0.2 mg/kg 

dengan waktu selang 20 minit. Anjing dibius dengan propofol pada 5 mg/kg IV dan dikekalkan 

dengan halotana pada kepekatan antara 0.85 hingga 0.95% (Model Anestesia Minima). 

Rangsangan elektrik dihasilkan dengan menggunakan perangsang saraf periferi N272 pada 

40 mA dan 50 Hz selama 5 saat. Setiap haiwan berfungsi sebagai kawalan untuk sendiri. Garis 

dasar EEG direkodkan sebelum sebarang ACE atau rangsangan elektrik. Seterusnya, EEG 

direkodkan sebelum ACE dan selepas ACE semasa rangsangan elektrik. Keputusan ini 
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menunjukkan bahawa MF pasca rangsangan meningkat (p < 0.05) dalam ketiga-tiga rawatan 

ACE. Sebaliknya, Ptot pasca rangsangan tidak berubah dalam semua kumpulan rawatan (p > 

0.05). Oleh itu, ACE tidak menghalang peningkatan MF dan tiada kesan ke atas Ptot selepas 

dirangsang elektrik. Kesimpulannya, kesan analgesik agen bertindak berpusat yang 

dinyatakan oleh MF EEG mungkin bukan disebabkan oleh sedasi. 

Kata kunci: acepromazine, elektroensefalografi, rangsangan elektrik, kesakitan (nociception), 

sedasi, model anestesia minima  
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ABSTRACT  

An abstract of the project paper presented to the Faculty of Veterinary Medicine in partial 
fulfillment of the course VPD4999 - Final Year Project. 

 

ELECTROENCEPHALOGRAPHIC CHANGES IN RESPONSE TO ELECTRICAL 
STIMULATION AND ACEPROMAZINE IN MINIMALLY ANAESTHETISED 

DOGS  

 

By 

Yap Coco 

2023  

Supervisor: Dr. Ubedullah Kaka 

 

Electroencephalography (EEG) has been reported as a tool to evaluate analgesic effect of 

centrally acting drugs in minimally anaesthetised animals. Notable increase in median 

frequency (MF) coupled with total power (Ptot) reduction were reported when animals 

experienced nociception. Most research found sedative analgesics and other centrally acting 

drugs prevent increase or even suppress MF in response to noxious stimulation. However, a 

question raised as effect MF associated with analgesia could be due to sedation caused by 

CNS depression. Acepromazine (ACE) is a phenothiazine having sedative but no analgesic 

effect. Therefore, this study aims to investigate the sedative effect of ACE on EEG in response 

to noxious electrical stimulus. Six dogs were subjected to incremental doses of ACE 

intravenously (IV), starting from 0.05 mg/kg, followed by 0.1 mg/kg and 0.2 mg/kg with 

interval of 20 minutes. Anaesthesia was induced with propofol at 5 mg/kg IV and maintained 

with halothane at stable concentration between 0.85 to 0.95% (Minimal Anaesthesia Model). 

Noxious electrical stimulus was delivered with a peripheral nerve stimulator N272 at 40 mA 

and 50 Hz for 5 seconds. Each animal served as its own control. Baseline EEG was recorded 

before any ACE or noxious electrical stimulation. EEG were recorded prior to ACE and 
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following ACE during noxious electrical stimulation. Result showed that post-stimulation MF 

increased significantly (p < 0.05) in all treatment groups. In contrast, there was no significant 

(p > 0.05) difference in post-stimulation Ptot in all treatment groups. Thus, ACE neither 

suppressed nor prevented increase in MF and has no effect on Ptot in response to noxious 

electric stimulus. MF is associated with nociception, whereas Ptot does not. It is concluded 

that analgesic effect of the centrally acting agents expressed by MF of EEG may not be due 

to sedation. 

Keywords: acepromazine, electroencephalography, electrical stimulation, nociception, 

sedation, minimal anaesthesia model 
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CHAPTER 1  

INTRODUCTION 

Electroencephalography (EEG) is a neurophysiological technique that records the electrical 

activity of the cerebral cortex by using electrodes placed on the skull or head (Murrell & 

Johnson, 2006). It has been reported as an instrument to measure the antinociceptive effect of 

centrally acting drugs in minimally anaesthetised animals and it remains as an ongoing interest 

among the researchers (Kaka et al., 2015; 2016; Kongara et al., 2010; 2012). When animals 

in light plane anaesthesia experienced nociception, it has been reported that EEG spectrum 

shifted towards higher frequency and lower amplitude, coupled with increased median 

frequency (MF) in response to noxious stimulation (Murrell et al., 2003). However, total 

power (Ptot) has been reported to be not directly related to MF, changes in Ptot may represent 

a different component of nociception than MF (Kaka et al., 2015; 2016; Karna et al., 2020).  

Researchers found that sedative analgesics and other centrally acting drugs such as ketamine, 

lidocaine, morphine, and various others prevent increase or even suppress MF in response to 

noxious stimulation (Haga & Ranheim, 2005; Johnson et al., 2005a; Kaka et al., 2015; Karna 

et al., 2020; Kongara et al., 2010, 2012). However, meloxicam, an analgesic without central 

mode of action, has reported to have no effect on MF suppression (Kaka et al., 2015). This 

raises a question that the analgesic effect of the centrally acting agents expressed by MF of 

EEG could also be due to depression of central nervous system (CNS) caused by sedation as 

most centrally acting drugs mentioned have both sedative and analgesics effect. To date, the 

question remains unanswered.  

To address the research question, it is necessary to use sedative drugs without any analgesic 

effect to investigate EEG changes in response to noxious stimulation. Acepromazine (ACE) 

is a phenothiazine agent with sedation but no analgesic effect (Plumb, 2011). This study aimed 

to investigate the sedative effect of ACE on EEG changes in response to electrical noxious 
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stimulation in minimally anaesthetised dogs. It was hypothesized that ACE would not have 

any effect on EEG nociceptive indices. The information from this study will further provide 

insight on association between MF and nociception.  
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CHAPTER 2  

LITERATURE REVIEW 

2.1 Neurophysiological basis of EEG   

Electroencephalography (EEG) is a neurophysiological technique that records the electrical 

activity originating from the cerebral cortex through the electrodes that placed on the skull or 

head of the animals (Murrell & Johnson, 2006). The product of the EEG is known as 

electroencephalogram, a graphical plot of the voltage changes over the function of time, which 

indicative of the animals’ brain activity. These voltage changes recorded in EEG do not arise 

from action potentials; rather, they result from the summation of the excitatory postsynaptic 

potentials (EPSPs) and inhibitory postsynaptic potentials (IPSPs). This is due to the longer 

lasting duration of postsynaptic potential, which can reach up to 10 ms, enable these potential 

changes to be summed up and detected extracellularly by the electrodes on the scalp, in 

contrast to the action potentials that only last about 1 ms (Kirschstein & Köhling, 2009).  

The generation of postsynaptic potential in EEG is attributed to the cortical pyramidal neurons, 

characterized with a large somatic body and long apical dendrites oriented perpendicular to 

the cortical surface (Greene, 2002; Murrell & Johnson, 2006; Müller-Putz et al., 2015). The 

long apical dendrites of pyramidal cells projects upward to the cortical surface while basal 

dendrites project horizontally from the cell body to form the synapses with other neurons via 

corticocortical and thalamocortical nerve fibres (Klein, 2020). The corticocortical afferents 

are evenly distributed and form synapses with pyramidal cells in all cortical layers. Pyramidal 

cells in superficial layers synapses with the non-specific thalamocortical afferents, whereas 

pyramidal cells in deeper cortical layers synapses with specific thalamocortical afferents. Due 

to the proximity to the scalp, it has been suggested that most postsynaptic potential recorded 

in EEG has been proposed to originate from non-specific thalamocortical afferents as it located 

more superficially in the cortical layers (Kirschstein & Köhling, 2009).  
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The synapses can be classified as excitatory or inhibitory based on the type of neurotransmitter 

and receptor. In inhibitory synapses, the presynaptic calcium influx triggers the release of 

gamma-aminobutyric acid (GABA) from presynaptic vesicle that diffuse across the synaptic 

cleft and subsequently binds to the postsynaptic GABA receptors. This leads to the influx of 

chloride ions and efflux of potassium ions resulting in generation of IPSPs. In contrast to 

GABAergic synapse, excitatory synapses release glutamate as the neurotransmitter. Upon 

binding to postsynaptic AMPA and NMDA receptors, glutamate induces influx of sodium and 

calcium ions resulting in generation of EPSPs (Kirschstein & Köhling, 2009; Purves et al., 

2001).  

Generation of EPSPs and IPSPs in the postsynaptic neurons results in the formation of the 

current sinks and sources in the extracellular fluid (Murrell & Johnson, 2006). The location 

and nature of these postsynaptic change will determine the polarity of voltage changes 

recorded at the scalp. In EEG, a downward deflection indicates a positive voltage change 

induced by input from deep cortical EPSPs and superficial IPSPs. Conversely, an upward 

deflection indicates a negative voltage change attributed to the inputs from superficial EPSPs 

and deep cortical IPSPs (Kirschstein & Köhling, 2009; Klein, 2020). However, the magnitude 

of changes caused by a single EPSPs and IPSPs are too attenuated to be recorded as EEG 

waves. Hence, a substantial number of neurons need to synchronize simultaneously, producing 

the postsynaptic potentials in same direction to allow the summation of EEG waves that are 

measurable at the scalp (Kirschstein & Köhling, 2009).  @
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2.2 Analysis of EEG data  

To allow interpretation of the raw EEG signals, Fast Fourier Transform (FFT) technique is 

commonly used to generate spectrum of signals by transforming the raw EEG signals from 

time domain into frequency domain (Murrell & Johnson, 2006).The EEG signals can be 

further classified into four common brain waves based on the frequency bands, denoted by 

delta (0 – 4 Hz), theta (4 – 8 Hz), alpha (8 – 12 Hz) and beta (> 12 Hz). These brain waves 

have a different functionality according to the frequency band as reported in humans as 

tabulated in Table 2.1 (Ibrahim & Shamsuddin, 2023).  

Table 2.1: Functionality of the human brain waves according to the frequencies. 

Brain wave  Frequency (Hz)  Functionality  

Delta  0 – 4 Unconscious, deep sleep or under deep anaesthesia  

Theta  4 – 8 Early phase of sleep or dreaming. Associated with 
working memory   

Alpha 8 – 12 Rest but awake. Greater alpha activity associated with 
loss in attentiveness and attention  

Beta  > 12 Alert and involvement of information processing and 
integration. Greater beta activity associated with 
activation of neurological system and increased body’s 
energy level  

[Adapted from Ibrahim & Shamsuddin. (2023)] 

 

Analysis of different EEG brain waves has been adopted in animal EEG (Pellegrino & Álvarez, 

2023; Sabow et al., 2017; 2019; Zulkifli et al., 2014). In EEG of normal adult dogs, the brain 

waves typically fall between the range of theta and alpha activity (6 – 12 Hz), with alpha 

rhythm being the predominant brain wave (Pellegrino & Álvarez, 2023). In livestock animals, 

increase in beta wave has been reported when they subjected to conscious pain (Zulkifli et al., 

2014; Sabow et al., 2017; 2019). However, the division and functionality of brain waves is 

not well established yet in animals. Careful interpretation must be made when inferred these 

functionalities across different animal species. A review by Murell and Johnson (2006) also 
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suggested the interpretation based on arbitrary EEG frequency spectrum similarly across 

different species may provide wrong assumption.  
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2.3 Nociception indices of EEG  

It has been reported that EEG can be utilized as a tool to objectively measure the nociception 

in animals under minimal anaesthesia model, including horses (Murrell et al., 2003), lambs 

(Gibson et al., 2007; Johnson et al., 2005a), deer (Johnson et al., 2005b), dogs (Kaka et al., 

2016) and pigs (Kells et al., 2017; Reiser et al., 2022). Two common nociception indices 

derived from the EEG power spectrum are MF and Ptot. The MF is defined as frequency below 

which 50 % of the total power of EEG is located whereas Ptot is the total area under the curve 

(Murrell and Johnson, 2006). Murrell et al. (2003) reported increased MF and reduced Ptot 

when the minimally anaesthetised horses subjected to noxious stimuli during castration. 

However, this is not a common finding as there are few studies unable to identify the inversely 

proportional relationship between MF and Ptot (Kaka et al., 2015; Karna et al., 2020; Kongara 

et al., 2010). Nevertheless, MF still recognised as a reliable EEG-derived indicator for 

nociception as reported in many studies (Gibson et al., 2007; Johnson et al., 2005; Murrell et 

al., 2003; Kongara et al., 2014; Kaka et al., 2015; Karna et al., 2020).  

These EEG-derived nociception indices, together with the use of minimal anaesthesia model, 

allowing the application of EEG in comparing the efficacy of the analgesics effect of centrally 

acting drugs or sedative analgesics. It has been reported that these centrally acting drugs able 

to prevent the increase or even suppress the MF in response to noxious stimuli (Haga & 

Ranheim, 2005; Johnson et al., 2005a; Kongara et al., 2010, 2012; Kaka et al., 2015; Kongara 

et al., 2020). However, the effect of sedation caused by these drugs on MF is still not know 

yet.   @
COPYRIG
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CHAPTER 3  

MATERIALS AND METHODS 

3.1 Ethical Approval and Consent   

The experimental procedures were approved by the Institutional Animal Care and Use 

Committee (IACUC) of Universiti Putra Malaysia (UPM) with reference number of 

UPM/IACUC/AUP-U029/2023 (Appendix I).  

3.2 Animals 

Six dogs (n = 6) with body weight of 10.5 ± 2.26 kg, comprising of 4 females and 2 males 

with healthy appearance were selected in this study. All dogs were obtained from Pusat 

Kurungan Haiwan Majlis Perbandaraan Subang Jaya (MPSJ) in Taman Perindustrian Puchong 

Utama, Selangor. The animals were then transferred and kept in individual dog kennel in at 

the Faculty of Veterinary Medicine, UPM, one day before the start of experiment. Animals 

were provided with feed twice per day and free access to water. The dog kennel was cleaned 

once per day.  

3.3 Experimental design  

Each animal served as its own control for the baseline EEG. Data were collected before and 

after the treatment with ACE. All dog received treatment of incremental dose of ACE 

intravenously, starting from 0.05 mg/kg to 0.1 mg/kg and 0.2 mg/kg with the interval of 20 

minutes.  

3.4 Anaesthesia protocol  

The dogs were fasted 12 hours prior to the anaesthesia. Intravenous catheterisation of right 

cephalic vein was performed using 20-gauge intravenous indwelling catheter. Anaesthesia 

was induced with propofol at 5 mg/kg intravenously. Following induction, animals were 

intubated using endotracheal tube and connected to anaesthetic machine (SurgiVet). The dogs 
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were maintained at end-tidal halothane concentration (EtHal) between 0.85% and 0.95% using 

minimal anaesthesia model (Murrell et al., 2003; Johnson et al., 2005a; Murrell & Johnson, 

2006). All dogs breathed spontaneously and were positioned on the right lateral recumbency. 

Intravenous fluid was administered at 10 ml/kg/hour using Hartmann's solution. Warm air 

blanket was used to maintain the body temperature of animals. Pulse oximeter was placed on 

the dogs’ tongue to monitor the oxygen saturation in the blood (SpO2). Blood pressure cuff 

was placed on the left antebrachium of the dogs to monitor the blood pressure.  Heart rate, 

respiratory rate, EtHal and end-tidal carbon dioxide (EtCO2) were monitored using a multi-

parameter monitor (GE Healthcare B40 Patient Monitor V2 PTO Model).  

3.5 Noxious electrical stimulation  

The noxious electrical stimulation was produced by a peripheral nerve stimulator NS272 

(Fisher & Paykel Healthcare). Two 23-gauge, 1-inch disposable needles were placed 

subcutaneously at the lateral aspect of distal metatarsus distance 2 cm apart to serve as 

electrodes which connected to the device with terminal alligator clips (Figure 3.1). External 

mode and tetanus pulse train (TET) function (Figure 3.2) were selected to deliver the 

transcutaneous noxious electrical stimulus with current of 40 mA and tetanus frequency of 50 

Hz for 5 seconds at left hindlimb using the device as described by Kaka et al. (2016). Noxious 

electrical stimulus was applied 2 minutes after the start of EEG recording for pre-treatment 

group. For the treatment group, the noxious electrical stimulus was given 5 minutes following 

the administration of the ACE.  @
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Figure 3.1: Placement of electrodes for transcutaneous noxious electrical stimulus. 

 

 

Figure 3.2: External mode and tetanus pulse train (TET) function of peripheral nerve 
stimulator NS272 to deliver transcutaneous noxious electrical stimulus at current of 40 mA 
and tetanus frequency of 50 Hz for 5 seconds. 
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3.6 EEG recording  

Shaving of the fur with a minimum diameter of 5 cm on the zygomatic process of the left 

frontal bone, left mastoid process and area caudal to occipital process by clipper and shaver 

was performed to allow the placement of electrodes. The shaved areas were cleaned with a 

gauze soaked with 70 % isopropyl alcohol to remove tiny furs and dirt debris that adhered to 

the skin. Three sterile disposable adhesive white foam electrode patches with solid hydrogel 

(Ceracarta Top Trace) were placed at zygomatic process of left frontal bone, left mastoid 

process and caudal to occipital process respectively to serve as inverting, non-inverting, and 

ground electrodes for recording of EEG (Kaka et al., 2015) as shown in Figure 3.3. 

Electrocardiogram (ECG) was recorded in standard lead II configuration by placing the 

negative electrode on the right forelimb below the elbow point while positive electrode was 

placed on the loose skin at medial aspect of left hindlimb around the stifle joint.   

 

Figure 3.3: Placement of inverting (negative), non-inverting (positive) and ground electrodes 
on the head to record EEG. 

 

The EEG was sampled at the rate of 1 kHz by connecting a personal laptop installed with 

Chart 5.0 data acquisition software (ADInstruments Pty Ltd) to a Powerlab 26T data 

acquisition system hardware (ADInstruments Pty Ltd) as shown in Figure 3.4. The raw EEG 

signals were analysed and subjected to Fast Fourier Transformation (FFT) using Chart 5.0 

@
COPYRIG

HT U
PM



12 
 

data acquisition software (ADInstruments Pty Ltd) which then further filtered into resampled 

EEG using a low-pass digital filter with a cut-off frequency of 200 Hz. The raw EEG was then 

filtered into delta (0.1 to 4 Hz), theta (4.1 to 8 Hz), alpha (8.1 to 12 Hz) and beta waves (12.1 

to 20 Hz) by the band-pass digital filter based on their specific bandwidth frequency. Once the 

stabilisation of the anaesthesia achieved by maintaining the EtHal between 0.85 to 0.95 %, 

Baseline EEG was recorded before any intervention including administration of ACE and 

noxious electrical stimulation. EEG signals (Figure 3.5) were recorded prior to ACE and 

following ACE administration during noxious electrical stimulation.   

The EEG signals were analysed offline using the Chart 5.0 data acquisition software 

(ADInstruments Pty Ltd). The EEG data were processed and extracted in the 10-seconds block 

from consecutive non-overlapping 1-second epoch. The wave signals 10 seconds before and 

2 seconds after noxious electrical stimulation were excluded due to mechanical and electrical 

interference. The 10-seconds block before and after the noxious electrical stimulation, 

excluding the wave signals under mechanical and electrical interference were taken for data 

analysis. The root mean square (RMS) of Ptot and each wave form were calculated for 

consecutive non-overlapping 1-second epoch. The MF was derived automatically from the 

spectrum at upper frequency of 200 Hz using LabChart 8.1.27 Reader (ADInstruments Pty 

Ltd).  
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Figure 3.4: Recording of EEG Using Powerlab 26T Data Acquisition System Hardware 
(ADInstruments Pty Ltd). 

 

 

Figure 3.5: The Chart View of the Chart 5.0 Data Acquisition Software (ADInstruments Pty 
Ltd) which displayed EEG signals recorded in the eight channels. 
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3.7 Statistical analysis  

The data are presented in the mean ± standard deviation and was analysed using SAS software 

version 9.1 (SAS Inst. Inc.) with generalised linear model (GLM) procedure. Comparison 

within and between treatment groups was performed, and significant differences among means 

were determined using Tukey’s Studentized Range (HSD) post-hoc test. All data analysis were 

conducted at a 95% confidence level and only considered statistically significant if p < 0.05.  
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CHAPTER 4  

RESULTS 

4.1 The EEG  

 

Figure 4.1: Comparison between EEG signals before and after noxious electrical stimulation 
in Chart View of the Chart 5.0 Data Acquisition Software (ADInstruments Pty Ltd). 

 

The Figure 4.1 illustrates a comparison between EEG signals before and after the noxious 

electrical stimulation in the Chart View. A noticeable shift can be appreciated in EEG signals, 

transitioning from high-amplitude and low-frequency to low-amplitude and high-frequency 

pattern in response to the noxious electrical stimulation. 
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Figure 4.2: Comparison between baseline and post-stimulation MF without ACE and with 
ACE = 0.05 mg/kg, ACE = 0.1mg/kg, ACE = 0.2 mg/kg. The asterisk (*) denotes a significant 
difference in the mean value of post-stimulation MF compared to baseline MF at p < 0.05. 

 

The Figure 4.2 represents the changes in post-stimulation MF in pre-treatment and post-

treatment groups in comparison to baseline MF. Generally, it depicts an upward trend in 

changes in MF across all treatment groups in response to the noxious electrical stimulation. 

The post-stimulation MF increased significantly (p < 0.05) at all treatment groups compared 

to baseline MF.  
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Figure 4.3: Comparison between baseline and post-stimulation Ptot without ACE and with 
ACE = 0.05 mg/kg, ACE = 0.1mg/kg, ACE = 0.2 mg/kg. The asterisk (*) denotes a significant 
difference in the mean value of post-stimulation Ptot compared to baseline Ptot at p < 0.05. 

 

The Figure 4.3 depicts the changes in post-stimulation Ptot in all treatment groups in 

comparison to the baseline Ptot. In contrast to MF, there is a downward pattern between 

baseline and post-stimulation Ptot across all treatment groups. However, the changes between 

the baseline and post-stimulation Ptot are not statistically significant (p > 0.05) for all 

treatment groups. This shows there is no statistically differences between baseline and post-

stimulation Ptot for all treatment groups.  
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Figure 4.4: Comparison between baseline and post-stimulation RMS of alpha wave in dogs 
without ACE and with ACE = 0.05 mg/kg, ACE = 0.1mg/kg, ACE = 0.2 mg/kg. The asterisk 
(*) denotes a significant difference in the mean value of post-stimulation alpha wave compared 
to baseline alpha wave at p < 0.05. 

 

The Figure 4.4 shows the changes in post-stimulation RMS of alpha wave in all treatment 

groups in comparison to the baseline RMS of alpha wave. The post-stimulation alpha wave 

decreases in all treatment groups in comparison to the baseline alpha wave but only significant 

without ACE and with ACE = 0.05 (p < 0.05).  
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Figure 4.5: Comparison between baseline and post-stimulation RMS of beta wave in dogs 
without ACE and with ACE = 0.05 mg/kg, ACE = 0.1mg/kg, ACE = 0.2 mg/kg. The asterisk 
(*) denotes a significant difference in the mean value of post-stimulation beta wave compared 
to baseline beta wave at p < 0.05. 

 

The Figure 4.5 illustrates the changes in post-stimulation RMS of beta wave in all treatment 

groups in comparison to the baseline RMS of beta wave. Notably, there is a significant 

increase in post-stimulation beta wave in all ACE treated groups compared to baseline beta 

wave (p < 0.05).  
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Figure 4.6: Comparison between baseline and post-stimulation RMS of delta wave in dogs 
without ACE and with ACE = 0.05 mg/kg, ACE = 0.1mg/kg, ACE = 0.2 mg/kg. The asterisk 
(*) denotes a significant difference in the mean value of post-stimulation delta wave compared 
to baseline delta wave at p < 0.05. 

 

The Figure 4.6 represents the changes in post-stimulation RMS of delta wave in all treatment 

groups in comparison to the baseline RMS of delta wave. In contrast to beta wave, the post-

stimulation delta wave decreased significantly in all treatment groups when compared to 

baseline delta wave (p < 0.05).  
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Figure 4.7: Comparison between baseline and post-stimulation RMS of theta wave in dogs 
without ACE and with ACE = 0.05 mg/kg, ACE = 0.1mg/kg, ACE = 0.2 mg/kg. The asterisk 
(*) denotes a significant difference in the mean value of post-stimulation theta compared to 
baseline theta at p < 0.05. 

 

The Figure 4.7 reveals the changes in post-stimulation RMS of theta wave in all treatment 

groups in comparison to the baseline RMS of theta wave. Generally, there is a significant drop 

in the RMS of theta wave after noxious electrical stimulation in all treatment groups when 

compared to the baseline (p < 0.05).  
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4.2 Physiological parameters  

Table 4.1: Comparison between pre-stimulation and post-stimulation heart rate and 
respiratory rate in dogs before and after treatment with ACE = 0.05 mg/kg, ACE = 0.1mg/kg, 
ACE = 0.2 mg/kg. 

Stimulus Pre-treatment ACE = 0.05 ACE = 0.1 ACE = 0.2 

Heart Rate 

Before 102.00 ± 15.406 117.00 ± 22.554 113.25 ± 17.056 111.75 ± 17.933 

After 128.25* ± 17.821 125.75* ± 21.030 124.25* ± 19.500 124.50* ± 27.135 

Respiratory Rate 

Before 15.00 ± 6.633 13.50 ± 6.658 13.25 ± 5.560 13.25 ± 5.560 

After 23.25 ± 13.022 14.50 ± 6.807 14.50 ± 4.509 15.00 ± 3.266 

The asterisk (*) denotes a significant difference in the mean value of post-stimulation 
compared to pre-stimulation mean value at p < 0.05.  

 

Table 4.2 reveals the mean of pre-stimulation and post-stimulation heart rate differed 

statistically significant across all treatment group (F(1,3) = 20.979, p = 0.001) based on 

repeated measure ANOVA. Post-hoc analysis with Bonferroni adjustment revealed the heart 

rate increased significantly after noxious electrical stimulation (p < 0.05).  In contrast, the 

mean of the respiratory rate did not statistically differ before and after noxious electrical 

stimulation (p > 0.05).  
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CHAPTER 5  

DISCUSSION 

In this study, desynchronization or arousal has been observed in all dogs when subjected to 

electrical noxious stimulation, showing shifting of EEG waves from a high-amplitude and 

low-frequency pattern to a low-amplitude and high-frequency pattern. This EEG change is a 

typical EEG response to various noxious stimulations, as reported in various studies, observed 

in dogs (Kaka et al., 2015; 2016; Kongara et al., 2010), as well as other animals, such as red 

deer (Johson et al., 2005b), horses (Murrell et al., 2003); rats (Peng et al., 2010) and calves 

(Gibson et al., 2007) and cattle (Zulkifli et al., 2014). The arousal response has been suggested 

to be associated with cerebral processing of noxious stimuli or experience of pain in conscious 

individuals (Murrell et al., 2007). Peng et al. (2010) suggested activation of cerebral cortex 

may be attributed to direct activation of ascending arousal system by the noxious stimuli. The 

cerebral cortex would not be activated if only involving the spinothalamic tract (Peng et al., 

2010), as somatic sensory information can be projected to reticular formation of brain stem 

via different circuits including spinothalamic, spinoreticular, spinomesencephalic and 

postsynaptic dorsal column tracts (Muir Ⅲ & Woolf, 2001). Additionally, a study by Murrell 

et al. (2007), concluded electrical stimuli are the most reliable and repeatable way to produce 

noxious stimulation; conversely, the mechanical and thermal stimulation produce variable 

EEG responses, despite ability of most nociceptors to detect multiple types of noxious stimuli 

by most nociceptors.  

Previous studies reported that antinociceptive effect of most centrally acting agents or sedative 

analgesics prevent the increase in MF in response to noxious stimulation (Haga & Ranheim, 

2005; Johnson et al., 2005a; Kaka et al., 2015; Karna et al., 2020; Kongara et al., 2010; 2012), 

however, the effect of sedation on these MF changes is not known yet. In current result, post-

stimulation MF increased significantly in all treatment groups (p < 0.05). The significant 

increase in MF after noxious electrical stimulation suggests that the dogs experienced 
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nociception. As a reliable indicator for nociception, increase in MF has been reported as a 

common EEG response to nociception among various animal species (Gibson et al., 2007; 

Johnson et al., 2005; Murrell et al., 2003; Kongara et al., 2014; Kaka et al., 2015; Karna et 

al., 2020). Additionally, the physiologically parameters, specifically the heart rate also raised 

significantly after noxious electrical stimulation. Similar findings have been reported in sheep 

and goats showing a rise in heart rate and blood pressure in response to noxious stimulation 

(Haga et al. 2001; Otto & Gerich, 2001).  

Unlike MF, there is no statistically significant changes in Ptot in response to noxious electrical 

stimulation across all treatment groups when comparing to baseline Ptot in present study (p < 

0.05). Previous study by Murrell et al. (2003), found an increase in MF is accompanied with 

decrease in Ptot following noxious stimulation in castrated horses. Conversely, many studies 

have found that the changes in Ptot is not inversely proportional to MF when response to 

noxious electrical stimulation (Kaka et al., 2015; Karna et al., 2020; Kongara et al., 2010). It 

has been suggested the reduction in Ptot is possibly related to inadequacy of anaesthesia and 

depletion in EtHal due to noxious stimulation (Murrell et al., 2003). Karna et al. (2020) also 

proposed that the changes in Ptot may represent a different component of nociception when 

compared to MF. Further research is required to investigate the role of Ptot in EEG response.  

The post-stimulation beta wave increased significantly in ACE-treated groups when compared 

to baseline beta wave. It is suggested that increased beta wave activity in response to electrical 

stimulus is due to nociception. Similar increase in beta activity has reported in livestock 

animals during conscious pain (Zulkifli et al., 2014; Sabow et al., 2017; 2019). The post-

stimulation alpha wave decreases in all treatment groups in comparison to the baseline alpha 

wave but only significant without ACE and with ACE = 0.05 (p < 0.05). In this study, there is 

a significant drop in RMS of both delta and theta waves after noxious electrical stimulation in 

all treatment groups when compared to baseline data (p < 0.05). These findings are consistent 
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with study by Haga and Ranheim (2005), in which there is a decrease in delta, theta and alpha 

bands following castration in three-weeks-old piglets under halothane anaesthesia without any 

analgesia. Hence, this study proposed there will be increase in beta activity and reduce in alpha, 

delta and theta activity in EEG when animals subjected to noxious stimulation.  
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CHAPTER 6  

CONCLUSION 

The findings from present study shows ACE does not prevent or suppress the MF as other 

centrally acting drugs or sedative analgesics when animals subjected to noxious stimuli. 

Additionally, the current result shows ACE has no effect on Ptot regardless of dosage during 

the noxious electrical stimulation. Increase in beta activity and reduce in alpha, delta and theta 

activity has been shown in this study as response to noxious stimulation. In conclusion, ACE 

neither suppressed nor prevented increase in MF and has no effect on Ptot in response to 

noxious electric stimulus. MF is associated with nociception, whereas Ptot does not. It is 

concluded that analgesic effect of the centrally acting agents expressed by MF of EEG may 

not be due to sedation
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CHAPTER 7  

RECOMMENDATIONS 

It is recommended that future study would implement the same study design incorporates 

different group of sedative drugs to evaluate the effect of sedation on EEG. This includes 

benzodiazepine drugs such as diazepam, midazolam or zolazepam or alpha 2 adrenoceptor 

agonist drugs such as xylazine and detomidine. It is also recommended to have a washout 

period between the administration of different dosage of ACE to avoid potential accumulative 

effects of the AC
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