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Abstract

Propofol is a widely used intravenous anaesthetic whose principal central nervous system action involves potentiation of y-
aminobutyric acid type A (GABA_A) receptor-mediated inhibitory neurotransmission. Although propofol has recognised
neuroprotective, antioxidant, and anti-inflammatory properties, repeated or prolonged exposure may produce dose- and context-
dependent neural alterations. This study investigated the behavioural, circulating neurochemical, biochemical, and brain
histomorphological effects of repeated propofol administration in Wistar rats. Forty Wistar rats, comprising 20 males and 20
females, were allocated to four groups (n = 10; 5 males and 5 females per group): control, 0.5, 1.0, and 1.5 mg/kg propofol groups.
Behavioural assessments included the open-field test, elevated plus maze, and Y-maze, while body weight and feed intake were
monitored. Serum dopamine, acetylcholine, serotonin, malondialdehyde (MDA), total antioxidant capacity (TAC), tumour
necrosis factor-alpha (TNF-a), interleukin-1 beta (IL-1pB), and interleukin-10 (IL-10) were determined. The dentate gyrus and
prefrontal cortex were examined histologically. Data were analysed using one-way analysis of variance followed by Tukey’s
multiple-comparison test. Repeated propofol exposure significantly altered feed intake, line crossing, rearing, elevated-plus-maze
behaviour, and Y-maze performance, whereas body weight and self-grooming were not significantly altered. Serum dopamine
decreased progressively, whereas acetylcholine increased at the medium and high doses. MDA increased significantly,
accompanied by increased TAC at the highest dose. TNF-a and IL-10 were significantly reduced, whereas IL-1f was unchanged.
Histological examination demonstrated dose-related neuronal distortion and degenerative changes in the dentate gyrus and
prefrontal cortex. Repeated propofol administration was associated with behavioural, circulating neurochemical, biochemical, and
brain histomorphological alterations following repeated propofol exposure.
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1. Introduction dose-dependent suppression of neuronal excitability [2]. Beyond

Propofol, chemically known as 2,6-diisopropylphenol, is a
short-acting intravenous hypnotic agent widely used for the
induction and maintenance of general anaesthesia and
procedural sedation [1, 2]. Its principal pharmacological action
involves potentiation of y-aminobutyric acid type A (GABA_A)
receptor-mediated inhibitory neurotransmission, resulting in

its effects on GABAergic signalling, propofol influences
excitatory neurotransmission, calcium signalling, cerebral
metabolism and inflammatory pathways, thereby producing a
broad range of effects within the central nervous system [1-3].

The widespread clinical use and increasing abuse potential of
propofol has prompted continued investigation of its biological
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effects beyond the intended transient state of anaesthesia [1].
Experimental studies have demonstrated potentially beneficial
antioxidant, anti-inflammatory and neuroprotective properties,
particularly in models of cerebral ischaemia, traumatic brain
injury and oxidative stress [5-7]. However, other experimental
evidence suggests that prolonged or repeated exposure,
particularly during periods of increased neuronal vulnerability,
may be associated with neuronal injury, impaired neurogenesis
and behavioural abnormalities [8-10]. These apparently
contrasting observations indicate that the effects of propofol
may be influenced by several factors, including dose, duration
and pattern of exposure, developmental stage, pre-existing brain
conditions and the experimental context.

The hippocampus and prefrontal cortex are important brain
regions for investigating the potential consequences of repeated
anaesthetic exposure because of their central roles in cognitive
and behavioural functions. The hippocampus is critically
involved in learning and memory, while the prefrontal cortex
contributes to executive function, attention, behavioural
regulation and working memory. Within the hippocampus, the
dentate gyrus is a major site of adult neurogenesis and is
therefore potentially sensitive to disturbances in neuronal
homeostasis [11]. Alterations within these regions may
consequently manifest as measurable changes in locomotor
activity, exploratory behaviour, anxiety-related responses and
spatial working memory.

Neurotransmitter systems provide important functional
correlates of these behavioural and cognitive processes.
Dopamine is involved in the regulation of locomotor activity,
motivation, attention and cognitive processing, whereas
acetylcholine plays important roles in learning, memory and
attention. Serotonin contributes to the regulation of mood,
anxiety, arousal and behavioural responses. Experimental
evidence indicates that anaesthetic exposure can influence
dopaminergic and cholinergic neurotransmission, although the
direction and magnitude of these effects may vary according to
the anaesthetic agent, dose, duration of exposure, brain region
and experimental conditions [12-14]. Assessment of circulating
dopamine, acetylcholine and serotonin may therefore provide
complementary biochemical information alongside behavioural
evaluation, although such measurements do not directly
represent neurotransmitter activity within specific brain regions .
Oxidative stress represents another potential pathway through
which repeated anaesthetic exposure may influence neuronal
function and morphology. The brain has a high metabolic
demand and is particularly susceptible to oxidative injury
because of its high oxygen consumption and abundance of
polyunsaturated fatty acids. Malondialdehyde (MDA), a product
of lipid peroxidation, is widely used as an indicator of oxidative
damage, whereas total antioxidant capacity (TAC) provides an

estimate of the overall antioxidant defence of a biological system.

Notably, propofol itself possesses antioxidant properties, partly
attributable to its phenolic structure and free-radical-scavenging
capacity [3-5]. Repeated exposure may therefore involve a
complex balance between oxidative challenge and endogenous
antioxidant responses, the net effect of which may depend on
dose and experimental conditions.

Inflammatory signalling may also contribute to the biological
effects associated with anaesthetic exposure. Tumour necrosis
factor-alpha (TNF-a), interleukin-1 beta (IL-1f) and interleukin-
10 (IL-10) are important mediators of inflammatory regulation.
Experimental studies indicate that propofol can suppress
microglial activation and attenuate inflammatory signalling in
several pathological models [4, 13]. Conversely, studies
investigating propofol-associated developmental neurotoxicity
have implicated neuroinflammatory responses and neuronal
injury among the potential adverse consequences of prolonged
exposure [7, 9]. These findings further highlight the context-
dependent nature of propofol's effects and the need to examine
both potentially protective and adverse biological responses.
The apparent divergence in the literature underscores the value
of evaluating functional, biochemical and structural outcomes
concurrently. Behavioural assessment can identify functional
alterations that may not be apparent from biochemical
measurements alone, while biochemical analyses can provide
information about potential oxidative, inflammatory and
neurochemical changes. Histological examination, in turn, may
reveal structural alterations accompanying these functional and
biochemical responses. An integrated assessment of these
endpoints may therefore provide a broader characterisation of
the consequences of repeated propofol exposure.

The present study therefore investigated the behavioural,
circulating neurochemical, oxidative, inflammatory and brain
histomorphological effects of repeated propofol administration
in Wistar rats. Specifically, body weight, feed intake, locomotor
and exploratory activity, anxiety-related behaviour and spatial
working-memory performance were evaluated alongside serum
dopamine, acetylcholine, serotonin, MDA, TAC, TNF-a, IL-1
and IL-10. Histological examination of the dentate gyrus and
prefrontal cortex was also performed to determine whether
behavioural and biochemical alterations were accompanied by
observable changes in brain tissue morphology.

2. Materials and Methods

2.1. Chemicals and Drugs

Propofol injection (Rusoma Laboratories, India), soybean oil
(Golden Penny Ltd., Nigeria), interleukin-10 (IL-10) assay kit
(BioVision Inc., Milpitas, CA, USA), tumour necrosis factor-
alpha (TNF-a) assay kit (BioVision Inc., Milpitas, CA, USA),
and total antioxidant capacity (TAC) assay kit (BioVision Inc.,
Milpitas, CA, USA) were used in the study. Assay kits for
dopamine, acetylcholine, serotonin, malondialdehyde (MDA),
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and interleukin-1 beta (IL-1p) were procured from reliable
vendors and used in this study

2.2. Experimental Animals

Forty healthy adult Wistar rats, weighing 120-150 g, were
obtained from Empire Breeders, Osogho, Osun State, Nigeria.
The animals were housed in standard wooden cages measuring
20 x 10 x 12 inches and maintained under standard laboratory
conditions at a temperature of 22 + 2 °C with a 12:12-h light/dark
cycle. Standard rat chow and clean drinking water were provided
ad libitum throughout the experimental period.

The animals were acclimatised to the laboratory environment
before commencement of the experimental procedures. All
experimental procedures were approved by the Faculty of Basic
Medical Sciences, Ladoke Akintola University of Technology
(LAUTECH), Ogbomoso, Nigeria, and were conducted in
accordance with the provisions for the care and use of laboratory
animals prescribed by European Council Directive 2010/63/EU
for the protection of animals used for scientific purposes.

2.3. Experimental Design and Propofol Administration
Four experimental groups of animals (n = 10 per group) were
randomly allocated. Group | served as the control, whereas
Groups 11, 111, and 1V were administered propofol at 0.5, 1.0, and
1.5 mg/kg, respectively. Subanesthetic doses were selected to
evaluate the impact of repeated intermittent exposure instead of
sustained anaesthesia [15]. Propofol was administered every
four days over the 21-day experimental period, on days 1, 5, 9,
13, 17 and 21, resulting in a total six administrations per animal.
The four-day interval was selected to allow recovery between
successive administrations while providing repeated intermittent
exposure over the experimental period. This dosing schedule
was specific to the experimental protocol and was not intended
to represent a standard clinical dosing regimen.

Propofol was obtained as a sterile 1% oil-in-water injectable
emulsion containing 10 mg/mL propofol. According to the
formulation information available for the preparation, the
emulsion contained soybean oil, purified egg phosphatide
(lecithin), glycerol and water for injection as excipients.
Propofol was diluted with soybean oil immediately before
administration and delivered intraperitoneally (i.p.) using a
sterile 1-mL syringe fitted with a 26-gauge needle. The control
animals received soybean oil at 2 ml/kg following the same
treatment schedule. Feed intake and body weight were measured
daily and weekly respectively following standard protocols. At
the end of the experimental period animals were exposed to
behavioural paradigms including the open field test, elevated
plus maze and Y-maze paradigms. Twenty-four hours after the
last behavioural tests animals in all groups were euthanised by
cervical dislocation. Blood was taken via cardiac puncture for
the assessment of oxidative stress markers (Lipid peroxidation
and Total antioxidant activity and inflammatory cytokines. The
brain was excised and either homogenised for assessment of

dopamine, serotonin, and acetylcholine levels or processed for
general histology.
2.4. Body Weight and Feed Intake
Body weight and feed intake were monitored throughout the
experimental period. Body weight was recorded weekly using a
calibrated weighing balance, whereas feed intake was measured
daily. Daily feed intake was determined from the difference
between the quantity of feed provided and the quantity
remaining as previously described [16, 17]. Percentage change
in feed intake or change in body weight was calculated as
follows:

Percentage change = Final value — Initial value x100

Initial value

2.5. Behavioural Assessment
Behavioural assessments were conducted 24 h after the final
propofol administration. The open-field test, elevated plus maze
and Y-maze were performed between 08:00 and 14:00 h.
Apparatuses were cleaned with 70% ethanol between animals to
minimise the influence of residual olfactory cues. The order of
behavioural testing followed previously described protocols [18]
2.5.1.0pen-Field Test
The open-field test was used to assess spontaneous locomotor
and exploratory activity. Each rat was observed for 10 min in a
rectangular open-field apparatus constructed of white-painted
wood and measuring 36 x 36 x 26 cm. The floor was divided by
permanent red markings into 16 equal-sized squares. Each rat
was placed in the centre of the apparatus at the beginning of the
test. Horizontal locomotion was assessed as the number of floor
units entered with all four paws. Rearing frequency was
recorded as the number of occasions on which the animal stood
on its hind limbs, either with the forelimbs against the wall of
the apparatus or freely in the air. Grooming frequency was
recorded as the number of episodes of body-cleaning behaviour,
including paw licking, body and pubic-area cleaning, and face
washing, during the 10-min observation period as previously
described [19].
2.5.2.Elevated Plus Maze
The elevated plus maze (EPM) was used to assess anxiety-like
behaviour. The apparatus consisted of two opposing open arms
measuring 50 x 10 cm and two opposing closed arms measuring
50 x 10 x 40 cm, elevated 50 cm above the floor. Each rat was
placed on the central platform facing one of the open arms and
allowed to explore the maze freely for 5 min. The number of
entries into the open and closed arms and the time spent in each
type of arm were recorded. The rat’s exploration of the EPM
paradigm followed previously described protocols. An arm entry
was defined as placement of all four paws into the respective
arm. Greater exploration of the open arms was interpreted as
reduced anxiety-like behaviour, whereas reduced open-arm
exploration was interpreted as increased anxiety-like behaviour
[20]
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2.5.3. Y-Maze Test

The Y-maze was used to assess spatial working memory based
on the natural tendency of rodents to explore a previously
unvisited arm. The apparatus consisted of three identical arms
arranged at 120° angles to one another. Each arm measured
approximately 40 cm in length, 10 cm in width and 15 cm in
height. Each rat was placed at the end of one arm and allowed to
explore the maze freely for 8 min. The sequence of arm entries
was recorded manually as previously described [21].
Percentage spontaneous alternation was calculated as:

% Alternation = Number of correct alternations x 100

Total Arm entries — 2
2.6. Blood Collection and Biochemical Analysis
Twenty-four hours after completion of the behavioural
assessments, the animals were euthanised by cervical dislocation
and blood samples were collected. The samples were processed
to obtain serum for determination of dopamine, acetylcholine,
serotonin, MDA, TAC, TNF-a, IL-1B and IL-10. Of the 10
animals in each experimental group, six serum samples were
ultimately suitable for biochemical analysis (n = 6 per group).
The remaining samples were excluded because of haemolysis,
inadequate serum volume or laboratory processing problems.
2.6.1 Determination of Oxidative Stress Parameters
Lipid peroxidation measured as malondialdehyde content (MDA)
and antioxidant status measured a total antioxidant capacity
(TAC) were determined using commercially available assay Kits
according to  previously described protocols [22].
Malondialdehyde levels was assessed as an index of lipid
peroxidation, while TAC was determined as an estimate of the
overall antioxidant capacity of the biological system.
Absorbance was measured at 450 nm, and concentrations were
calculated from standard curves generated.
2.6.2 Determination of Inflammatory Cytokines
Serum concentrations of Tumour necrosis factor (TNF)-a,
Interleukin (IL)-1p and IL-10 were determined using rat-specific
ELISA Kkits according to previously described protocols [32].
Standards and serum samples were added to antibody-coated
wells, incubated and washed, followed by addition of enzyme-
linked detection antibodies. After substrate development and
termination of the reaction, absorbance was measured at 450 nm
using an ELISA microplate reader. Cytokine concentrations
were calculated from the respective standard curves and
expressed in pg/mL.
2.7 Determination of Neurochemical Parameters
Whole brain homogenates were prepared following standard
protocols as previously described Whole brain concentrations of
acetylcholine (ACh), serotonin (5-hydroxytryptamine; 5-HT)
and dopamine (DA) were determined using commercially
available rat-specific enzyme-linked immunosorbent assay
(ELISA) Kkits according to the manufacturers' instructions.

Briefly, standards and homogenate samples were added to
antibody-coated microplate wells and incubated. Following
washing, enzyme-conjugated detection antibodies and substrate
solution were added according to the respective assay protocols.
The reactions were terminated using the appropriate stop
solution, and absorbance was measured at 450 nm using an
ELISA microplate reader. Concentrations were calculated from
the corresponding standard calibration curves and expressed
according to the manufacturers' recommendations.
2.8. Histological Examination
Following blood collection, the brains were carefully excised
and fixed in 10% formol-calcium. The tissues were subsequently
processed using standard histological procedures, embedded in
paraffin and sectioned for microscopic examination. Sections
containing the dentate gyrus and prefrontal cortex were stained
with haematoxylin and eosin (H&E) and Cresyl Violet. Stained
H and E sections were assessed for preservation of
cytoarchitecture, cellular organisation, neuronal shrinkage,
nuclear changes, pyknosis, vacuolation, neuropil alteration and
other neuronal morphological abnormalities. Cresyl Violet
staining was used to assess neuronal cell bodies and Nissl
substance, including the presence of chromatolytic and other
morphological changes. The available histological material
comprised sections from the control, 0.5, 1.0 and 1.5 mg/kg
propofol groups. Approximately two to three sections per animal
were examined for each staining procedure, with approximately
four to six sections available per experimental group. Sections
were examined using a light microscope at x100 and %400
magnifications. A blinded observer assessed the sections to
minimise observer bias. Particular attention was paid to cellular
organisation, neuronal morphology, pyknosis, chromatolysis,
vacuolation, apparent reduction in cellular profiles and other
structural alterations within the dentate gyrus and prefrontal
cortex.
2.9. Photomicrography
Assessment
Representative photomicrographs were obtained using a digital
microscope camera attached to the light microscope. Images
were captured under consistent magnification and imaging
conditions and used to illustrate the  observed
histomorphological changes.
2.10. Statistical Analysis
Data were analysed using Chris Rorden's ANOVA for Windows
(version 0.98). For single end-point comparisons, one-way
analysis of variance (ANOVA) followed by Tukey's honestly
significant difference (HSD) post-hoc test was used to compare
the experimental groups. Results were expressed as mean +
standard error of the mean (SEM), and p < 0.05 was considered
statistically significant.

and Histomorphometric
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3. Result
3.1 Effects of Repeated Propofol Administration on
Change in Body Weight and Feed Intake

Figures 1 and 2 show the effect of repeated propofol
administration on change in body weight and change in feed
intake respectively. Repeated propofol administration did not
significantly [F (3,36) = 1.35, p = 0.2746)] affect change in
body weight among the experimental groups. Mean changes in
body weight were 28.53 + 3.57 g in the control group, 24.80 +
1.47 g in the 0.5 mg/kg group, 22.26 + 2.22 g in the 1.0 mg/kg
group, and 18.14 = 2.74 g in the 1.5 mg/kg group. Although
mean body-weight gain showed a visual decline with
increasing propofol dose, the overall difference among groups
was not statistically significant. In contrast, feed intake differed
significantly [F (3,36) = 286, p < 0.000001)] among the
experimental groups. Mean feed intake was 31.80 £ 0.49 g in
the control group, 39.60 + 1.72 g in the 0.5 mg/kg group, 26.60
+ 0.62 g in the 1.0 mg/kg group, and 21.20 £ 0.39 g in the 1.5
mg/kg group. Tukey’s post-hoc analysis demonstrated
significant differences among the experimental groups. The
pattern of feed intake was non-linear, with the 0.5 mg/kg group
showing the highest mean intake, whereas mean intake
decreased at the 1.0 and 1.5 mg/kg doses. The lower body-
weight gain observed at the higher propofol doses occurred
concurrently with reduced feed intake; however, the absence of
a statistically significant overall difference in body-weight
change precludes attributing the observed numerical
differences specifically to reduced feed intake.
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Figure 1. Effects of propofol on change in body weight in Wistar rats.
Values are presented as mean + SEM (n = 10 per group). CTRL:

Control, PROP: Propofol

3.2 Effects of Repeated Propofol Administration on Open-
Field Behaviour

Figures 3, 4 and 5 show the effect of propofol on horizontal

locomotion, rearing and grooming. horizontal locomotor

activity, assessed by line crossing, increased significantly [(F

(3, 36) = 16.03, p = 0.001)] with repeated propofol

administration at 0.5 and decreased at 1.0 and 1.5 mg/kg
respectively compared to control. The 0.5 mg/kg group
exhibited the highest mean number of line crossings (106.00 +
3.28), whereas lower mean values were observed in the 1.0 and
1.5 mg/kg groups (71.80 = 14.01 and 61.00 + 7.99,
respectively). Thus, locomotor activity showed a non-linear
response across the propofol doses, with the highest dose
associated with the lowest mean line-crossing activity. Rearing
frequency (figure 4) also increased significantly (F (3, 36) =
10.13, p = 0.001)] with repeated administration of propofol at
0.5 and a decrease at 1.0 and 1.5 mg/kg compared to control.
Mean rearing frequency decreased progressively across the
propofol dose range, from 66.00 + 4.80 in the control group to
24.00 + 4.33 in the 1.5 mg/kg group. In contrast, self-grooming
behaviour did not significantly differ among the experimental
groups (F (3, 36) =2.03, p=0.1271; Figure 5). Mean grooming
frequency ranged from 5.60 £ 1.91 in the control group to 7.80
+ 0.62 in the 1.5 mg/kg group. Although a numerical increase
in grooming was observed with increasing propofol dose, this
difference did not reach statistical significance.
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Figure 2. Effects of propofol on change in feed intake in Wistar rats
Values are presented as mean £ SEM (n = 10 per group). P < 0.05 versus
the control group, CTRL: Control, PROP: Propofol.

3.3 Effects of Repeated Propofol Administration on
Anxiety-Like Behaviour
Figure 6 shows the effect of repeated propofol administration
on open-arm and closed arm exploration time in the elevated
plus maze. Open arm time increased significantly (F(3,36) =
6.17, p = 0.0017)] in groups administered propofol compared
to control. Mean open-arm time increased from 19.00 + 3.09 s
in the control group to 51.67 + 2.31 s in the 1.5 mg/kg propofol
group. Closed-arm exploration time was also significantly
decreased (F (3,36) = 4.22, p = 0.0117) across all propofol
groups compared to control. Mean closed-arm time was 279.66
+ 2.81 s in the control group and decreased to approximately
245 s in the propofol-treated groups. Overall, repeated propofol
administration was associated with increased open-arm
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exploration and reduced closed-arm time in the elevated plus
maze.

120
100
I
-
~
? w
; “
20
a
PROP Q.5ME/KE PROP LOME/ XS PROP 1 5MB/KS
Treatments

Figure 3. Effects of repeated propofol administration on horizontal
locomotion Values are presented as mean + SEM. P < 0.05 versus the
control group. CTRL: Control, PROP: Propofol
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Figure 4. Effects of repeated propofol administration on rearing
activity. Values are presented as mean + SEM. P < 0.05 versus the
control group. CTRL: Control, PROP: Propofol
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Figure 5. Effects of repeated propofol administration on self-grooming
behaviour. Values are presented as mean + SEM. P < 0.05 versus the
control group. CTRL: Control, PROP: Propofol
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Figure 6. Effects of repeated propofol administration on time spent in
the open and closed arms of the Elevated plus maze (EPM). Values are
presented as mean = SEM. P < 0.05 versus the control group. CTRL:
Control, PROP: Propofol

3.4 Effects of Repeated Propofol Administration on
Spatial Working Memory

Figure 7 shows the effect of repeated propofol administration
on spatial working memory in the Y maze paradigm. Y-maze
performance, assessed by spontaneous alternation increased
significantly [(F (3,36) = 6.54, p = 0.0012)] with propofol at
0.5 and decreased with propofol at 1.0 and 1.5. The control
group recorded a mean spontaneous alternation of 66.88 +
4.85%, whereas the 1.5 mg/kg propofol group exhibited the
lowest mean value (52.14 + 3.25%). These findings indicate an
overall alteration in spatial working-memory performance
following repeated propofol administration, with the greatest
numerical reduction in spontaneous alternation observed at the
highest propofol dose.

x
80
70
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E &
n
§ %
8
§ &
-
20
10
0
ROM & FROPI O PROPL 5
Treatment Groups

Figure 7. Effects of repeated propofol administration on Y maze
performance measured as spontaneous alternation. Values are presented
as mean £ SEM. P < 0.05 versus the control group. CTRL: Control,
PROP: Propofol.
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3.5 Effects of Repeated Propofol Administration on
Neurotransmitter Concentrations
Table 1 shows the effect of repeated propofol on brain
concentrations of dopamine, acetylcholine, and serotonin
Dopamine concentration decreased significantly [F (3,20) =
9.93, p < 0.001)] with propofol at 0.5, 1.0 and 1,5 mg/kg
compared to control respectively. Mean dopamine
concentration decreased progressively with increasing
propofol dose, from 71.19 + 0.47 pg/mL in the control group
to 62.45 + 0.40 pg/mL, 50.87 + 0.20 pg/mL, and 43.49 + 0.37
pg/mL in the 0.5, 1.0, and 1.5 mg/kg propofol groups,
respectively. The reported pairwise comparisons were
statistically significant (p < 0.0001). This pattern indicates a
progressive reduction in circulating dopamine concentration
across the propofol dose range.
Acetylcholine concentration also increased significantly [F
(3,20) =6.52, p = 0.003)] at 0.5, 1.0 and 1,5 mg/kg compared
to control respectively. Mean concentrations were 0.67 £ 0.10
mM in the control group, 0.85 + 0.04 mM in the 0.5 mg/kg
group, 1.12 + 0.10 mM in the 1.0 mg/kg group, and 1.11 + 0.09
mM in the 1.5 mg/kg group. The highest mean acetylcholine
concentration was observed in the 1.0 mg/kg group, with a
comparable value in the 1.5 mg/kg group. Thus, the response
was not strictly proportional to propofol dose.
Serotonin concentration decreased significant [F (3,20) = 4.83,
p = 0.011) with propofol at 0.5 and increased with propofol at
1.0 and 1.5 mg/kg compared to control. Mean serotonin
concentrations were 1942.82 + 201.01 ng/mL in the control
group, 1585.25 = 209.64 ng/mL in the 0.5 mg/kg group,
2136.05 £ 18.86 ng/mL in the 1.0 mg/kg group, and 1700.21 £
78.40 ng/mL in the 1.5 mg/kg group. The highest mean
concentration occurred in the 1.0 mg/kg group, whereas the
lowest occurred in the 0.5 mg/kg group, indicating a non-linear
response across the propofol doses.

Table 1. Effect of Repeated Propofol
Neurotransmitter Concentrations

Administration on

Acetylcholine Dopamine

Group Serotonin (ng/mL) (mM) (pg/mL)
Control 1942.82 + 201.01 0.67 £0.10 71.19 £0.47
Propofol 0.5 1585.25 + 209.64" 0.85+0.04" 62.45 +0.40"
Propofol 1.0 2136.05 + 18.86" 1.12+0.10" 50.87 +0.20"
Propofol 1.5 1700.21 + 78.40" 1.11 +0.09" 43.49+0.37"

Data are presented as mean + SEM (n = 10 rats per group). *p < 0.05
versus the control group.

3.6 Effects of Repeated Propofol Administration on
Oxidative Stress and Antioxidant Status
Table 2 shows the effect of propofol on oxidative stress and
antioxidant  status. Serum  malondialdehyde (MDA)
concentration increased significantly [F (3,20) = 9.47, p <
0.001] with propofol at 1.5 compared to control. Mean MDA
concentration was 0.62 + 0.01 umol/L in the control group and
increased to 0.65 = 0.01 umol/L, 0.64 + 0.01 umol/L, and 0.72
+ 0.03 pmol/L in the 0.5, 1.0, and 1.5 mg/kg propofol groups,
respectively. The highest mean MDA concentration was
observed in the 1.5 mg/kg group.
Serum total antioxidant capacity (TAC) increased significantly
(F(3,20) = 13.3, p < 0.001) with propofol at 15 compared to
control. Mean TAC values were 10.65 + 1.01 uM in the control
group, 11.97 £ 0.05 uM in the 0.5 mg/kg group, 11.03 £ 0.28
MM in the 1.0 mg/kg group, and 17.52 £ 1.41 uM in the 1.5
mg/kg group. Post-hoc analysis indicated that the difference
between the control and 1.5 mg/kg groups was statistically
significant (p = 0.0027), whereas the control versus 0.5 mg/kg
and control versus 1.0 mg/kg comparisons were not statistically
significant. The highest TAC was recorded in the 1.5 mg/kg
propofol group. Taken together, repeated propofol
administration was associated with significant alterations in
both MDA and TAC, with the greatest mean values for both
parameters observed at the highest dose.
Table 2. Effect of Repeated Propofol Administration on Oxidative
Stress and Antioxidant Status

Group MDA (umol/L) TAC (uM)
Control 0.62 +0.01 10.65+1.01
Propofol 0.5 mg/kg 0.65 £ 0.01* 11.97 £0.05
Propofol 1.0 mg/kg 0.64 £0.01* 11.03+0.28
Propofol 1.5 mg/kg 0.72 £ 0.03# 1752 + 1.41#

Data presented as mean + SEM (n = 10 rats per group). *p < 0.05 versus the
control group.

3.7 Effects of Repeated Propofol Administration on
Circulating Inflammatory Cytokines
Table 3 shows the effect of propofol on circulating levels of
inflammatory  cytokines. Serum TNF-o  concentration
decreased significantly [F (3,20) = 16.2, p < 0.001)] with
propofol at 0.5, 1.0 and 1.5 compared to control. Mean TNF-a
concentrations were 40.73 £ 0.57 pg/mL in the control group,
19.82 + 0.21 pg/mL in the 0.5 mg/kg group, 26.03 + 0.88
pg/mL in the 1.0 mg/kg group, and 31.04 £ 4.25 pg/mL in the
1.5 mg/kg group. The lowest mean TNF-a concentration
occurred in the 0.5 mg/kg group, while the control group
recorded the highest mean concentration. The reported post-
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hoc comparisons indicated significant differences for the 1.0
and 1.5 mg/kg groups relative to the control.

Serum IL-10 concentration also decreased significantly [F(3,20)
= 4.51, p = 0.014)] with propofol at 1.0 and 1.5 compared to
control. Mean IL-10 concentrations were 7.18 + 2.25 pg/mL in
the control group, 7.91 + 2.65 pg/mL in the 0.5 mg/kg group,
1.10 = 0.11 pg/mL in the 1.0 mg/kg group, and 1.21 + 0.22
pg/mL in the 1.5 mg/kg group. The highest mean IL-10
concentration was observed in the 0.5 mg/kg group, whereas
substantially lower concentrations were observed in the 1.0 and
1.5 mg/kg groups. According to the reported post-hoc
comparisons, 1L-10 concentrations in the 1.0 and 1.5 mg/kg
groups were significantly lower than those of the control group.
In contrast, serum IL-1B concentration did not differ
significantly [F(3,20) = 0.311, p = 0.817)] among the
experimental groups. Mean IL-1pB concentrations were 4.57 +
0.50 ng/mL, 4.90 £ 0.19 ng/mL, 4.98 + 0.54 ng/mL, and 5.04
+ 0.02 ng/mL in the control, 0.5, 1.0, and 1.5 mg/kg groups,
respectively. Although a small numerical increase was
observed across the propofol-treated groups, the overall
difference was not statistically significant. Overall, repeated
propofol administration significantly altered circulating TNF-
a and IL-10 concentrations, whereas IL-1B remained
statistically unchanged.

Table 3. Effect of Repeated Propofol Administration on
Circulating Inflammatory Cytokines

morphological alterations, reduced neuronal density, and
distortion of the hippocampal architecture.

The prefrontal cortex (Figure 8b) of control animals showed
preserved neuronal organisation and cytoarchitecture. The 0.5
mg/kg propofol group exhibited mild neuronal shrinkage and
cellular distortion. At 1.0 mg/kg, moderate neuronal
morphological alterations, sparse neuronal profiles, and mild
vacuolation were observed. The 1.5 mg/kg group demonstrated
more pronounced neuronal morphological alterations, reduced
neuronal profiles, and distortion of the neuropil.

Figure 8a. Representative photomicrographs of the dentate gyrus
following repeated propofol administration (H&E, x400). Control
group showing preserved granular cell layer and normal hippocampal
cytoarchitecture. Propofol 0.5 group showing mild neuronal distortion and

Group TNF-a (pg/mL) IL-10 (pg/mL) IL-1f (ng/mL) early morphological alterations. Propofol1.0 group showing moderate
neuronal morphological alterations, pyknotic nuclei, and vacuolation. Propofol
Control 40.73 £0.57 7.18 +2.25 457 +0.50 1.5 group showing marked neuronal morphological alterations. DG: Dentate
gyrus, GC: Granule Cell, ML: Molecular layer, PC: Pyramidal Cell, Ng:
Propofol 0.5 19.82 +0.21* 7.91+2.65 4.90 £0.19 Neuroglia, CA4: Cornus ammonis 4 region.
Propofol 1.0 26.03 + 0.88# 1.10+£0.11* 4,98 +0.54
Propofol 1.5 31.04 + 4.25# 1.21+£0.22* 5.04 £0.02

Data are presented as mean + SEM (n = 10 rats per group). *p < 0.05
versus the control group.

3.8 Histomorphological Alterations in the Dentate Gyrus
and Prefrontal Cortex

3.8.1 Haematoxylin and Eosin Histology

Representative H&E-stained photomicrographs of the dentate
gyrus and prefrontal cortex are presented in Figure 8 aand 8
b. Histological examination of the dentate gyrus (Figure 8a)
revealed preserved cytoarchitecture and neuronal density in the
control group. Animals administered 0.5 mg/kg propofol
showed mild neuronal distortion and a slight reduction in
granular-cell density. At 1.0 mg/kg, moderate neuronal
morphological alterations, including pyknotic nuclei and
disruption of the granular cell layer, were observed. The 1.5
mg/kg group exhibited more pronounced neuronal

Figure 8b. Representative photomicrographs of the Prefrontal
cortex following repeated propofol administration (H&E, x400).
Control group showing preserved cortical organisation and neuronal
morphology. Propofol (PROP) 0.5 group showing mild neuronal shrinkage and
distortion. Propofol (PROP) 1.0 group showing moderate cortical
morphological alterations and vacuolation. Propofol (PROP) 1.5 group
showing marked neuronal morphological alterations, distorted neuropil, and
reduced neuronal profiles. GC: Granule Cell, PC: Pyramidal Cell, Ng:
Neuroglia
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3.8.2 Cresyl Violet Histology

Representative Cresyl Violet-stained sections are presented in
Figure 9a and 9b. Cresyl Violet staining demonstrated intense
Nissl staining and preserved neuronal morphology in the
dentate gyrus of control animals. The 0.5 mg/kg propofol group
showed mild chromatolytic changes and reduced staining
intensity. At 1.0 mg/kg, moderate chromatolysis and reduced
neuronal staining were observed, whereas the 1.5 mg/kg group
exhibited more pronounced chromatolysis and reduced
neuronal profiles. In the prefrontal cortex, control animals
demonstrated intense Nissl staining with preserved neuronal
morphology. The 0.5 mg/kg group showed mild chromatolysis
and reduced staining intensity, while the 1.0 mg/kg group
demonstrated moderate  chromatolysis and  neuronal

morphological alterations. The 1.5 mg/kg group showed
staining and pronounced

marked reduction in Nissl

chromatolytic changes.

Figure 9a. Representative photomicrographs of the dentate gyrus
following repeated propofol administration (Cresyl Violet, x400).
Control group showing intense Nissl staining and preserved neuronal
morphology. Propofol 0.5 group showing mild chromatolysis and reduced
staining intensity. Propofol 1.0 group showing moderate chromatolysis and
reduced neuronal staining. Propofol 1.5 group showing pronounced
chromatolysis and reduced neuronal profiles. DG: Dentate gyrus, GC: Granule
Cell, ML: Molecular layer, PC: Pyramidal Cell, Ng: Neuroglia, CA4: Cornus
ammonis 4 region.

Discussion

The present study demonstrates that repeated propofol
administration was associated with alterations across several
behavioural, circulating biochemical, and brain
histomorphological endpoints. However, the effects were not
uniform across all measures, indicating a complex and non-
linear response rather than a consistent dose-dependent adverse
effect.

Body-weight change did not differ significantly among the
experimental groups despite a significant alteration in feed
intake. This suggests that, under the present exposure conditions,
repeated propofol administration did not produce a statistically
demonstrable overall effect on body-weight change during the

study period. Feed intake, however, showed a non-linear pattern,
with increased intake at 0.5 mg/kg and reduced intake at 1.0 and
1.5 mg/kg. The reduction in feed intake at the higher doses
occurred alongside numerically lower body-weight gain,
although the absence of a significant between-group difference
in body-weight change prevents attribution of the latter
specifically to altered food consumption or nutrient utilisation.
Although there is a dearth of scientific information on the effects
of repeated propofol on body weight an feed intake indices this
study demonstrated that repeated administration of
subanaesthetic doses of propofol can alter feed intake and by
extension body weight

Locomotor and exploratory behaviours showed a similarly non-
linear response. The 0.5 mg/kg group exhibited higher line-
crossing and rearing frequencies, whereas these measures were
reduced at the higher doses. The administration of anaesthetic
doses of propofol has associated with the potentiation of gamma
amino butyric acid-A (GABA A) receptor-mediated inhibitory
neurotransmission and with a resultant central nervous system
depression [1, 2], this study shows that repeated administration
of subanaesthetic doses of propofol is associated with central
excitatory effects at the lowest dose and central depressant
effects at the two higher doses [1]. The reduction in spontaneous
activity observed at the higher doses may therefore reflect
greater pharmacological suppression of motor and exploratory
activity following repeated exposure. Conversely, the increased
activity observed at 0.5 mg/kg may represent a behavioural
response to a subanaesthetic exposure rather than evidence of
neurotoxicity. Information from extant literature shows the
development of paradoxical excitation phenomenon with low or
subanaesthetic concentrations of propofol. Temporary motor
activation, anxiety relief, or reward-seeking behaviours are by
propofol at these doses [1, 23, 24].

The elevated-plus-maze findings demonstrated increased open-
arm exploration and reduced closed-arm occupancy following
propofol exposure. Subhypnotic doses of propofol have
previously been associated with anxiolytic effects [1], and the
present findings are therefore compatible with a decrease in
anxiety-related [1, 23, 24] behavioural response.Spatial
working-memory performance, assessed using spontaneous
alternation in the Y-maze, was significantly altered, with the
lowest performance observed at the highest propofol dose.
Spatial working memory depends on coordinated hippocampal
and prefrontal cortical function, making this finding relevant to
the histomorphological alterations observed in these regions.
Experimental studies have similarly reported cognitive and
hippocampal consequences following prolonged propofol
exposure, particularly under conditions of increased neuronal
vulnerability [23, 24]. The present findings extend these
observations by demonstrating an association between repeated
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propofol exposure and altered spatial
performance in adult Wistar rats.

The neurochemical findings revealed distinct responses among
dopamine, acetylcholine and serotonin. Circulating dopamine
showed the most pronounced and progressive alteration,
decreasing from 71.19 £ 0.47 pg/mL in controls to 43.49 + 0.37
pg/mL at the highest propofol dose. Dopamine contributes to
locomotor activity, motivation, attention and cognitive
processing [18]; consequently, the reduction in circulating
dopamine occurred alongside reduced locomotor and
exploratory activity at the higher doses. The direction of the
present dopamine finding differs from some observations
following acute propofol exposure. For example, microdialysis
studies have reported increased cortical dopamine and serotonin
activity during propofol infusion [25, 26]. This apparent
discrepancy may reflect important differences in experimental
design, including acute versus repeated exposure and regional
brain measurements versus whole brain concentrations.
Acetylcholine concentrations increased at the medium and high
propofol doses, with the highest mean concentration observed at
1.0 mg/kg. Acetylcholine has important roles in attention,
learning and memory, and alterations in cholinergic signalling
have been implicated in cognitive responses associated with
anaesthesia. Experimental evidence indicates that propofol can
interact with cholinergic mechanisms, although the direction of
these effects varies according to the experimental model and
exposure conditions [2, 27]. The non-linear increase in
acetylcholine observed in the present study therefore warrants
further investigation, particularly using direct measurements of
cholinergic markers within specific brain regions. Serotonin also
exhibited a non-linear response, with the highest mean
concentration occurring at 1.0 mg/kg and a reduction at 1.5
mg/kg. Serotonin is involved in the regulation of anxiety, arousal,
mood and behavioural responses [14]. Experimental research
has also implicated serotonergic signalling in propofol-
associated neuronal effects [24, 25].

The oxidative-stress findings provide additional evidence of
altered systemic redox status following repeated propofol
exposure. MDA concentration increased significantly, with the
highest mean concentration observed at 1.5 mg/kg, suggesting
increased lipid peroxidation at the highest exposure level.
Interestingly, TAC also increased markedly at 1.5 mg/kg. The
concurrent increase in MDA and TAC should not be interpreted
as evidence of simple antioxidant depletion. Rather, the increase
in TAC may represent a compensatory or adaptive response
occurring in the presence of increased oxidative challenge. This
interpretation is consistent with the recognised antioxidant
properties of propofol. Previous studies have demonstrated free-
radical-scavenging activity and attenuation of lipid peroxidation
by propofol in experimental models [3-5]. More recent work has
also implicated cellular redox pathways in the antioxidant

working-memory

effects of propofol [5]. Thus, the increased TAC observed at the
highest dose may reflect activation or recruitment of endogenous
antioxidant defences in response to oxidative stress.
Nevertheless, because only MDA and TAC were assessed, the
specific redox mechanisms underlying these changes cannot be
determined from the present study.

The inflammatory findings were similarly selective. Serum
TNF-o concentration was significantly reduced following
propofol administration, whereas IL-18 did not differ
significantly among groups. IL-10 was also significantly
reduced at the 1.0 and 1.5 mg/kg doses. Previous experimental
studies have demonstrated that propofol can inhibit
inflammatory signalling and microglial activation [3, 28]. The
reduction in circulating TNF-a observed in the present study is
therefore consistent with previously reported anti-inflammatory
effects of propofol. However, the concurrent reduction in IL-10
indicates that the inflammatory response cannot be characterised
simply as an anti-inflammatory effect. IL-10 is an important
regulatory cytokine involved in limiting inflammatory responses,
and its reduction may reflect altered immune regulation rather
than straightforward suppression of inflammation. Furthermore,
because the cytokines were measured in serum rather than brain
tissue, the present findings should be interpreted as alterations in
circulating inflammatory markers rather than direct evidence of
altered neuroinflammation. Recent experimental studies have
demonstrated that propofol-associated neuronal alterations may
involve inflammatory and intracellular signalling pathways. In
developing rats, prolonged propofol exposure has been
associated with activation of NLRP3/caspase-1-related
pathways, hippocampal injury and cognitive abnormalities [7,
29]. Other experimental work has implicated calpain-TRPC6
signalling in propofol-associated neuronal injury and
behavioural abnormalities [30]. These observations provide
potential mechanistic contexts for the present findings, although
such pathways were not directly investigated in this study and
therefore cannot be inferred as mechanisms underlying the
observed changes.

The histological findings  demonstrated  progressive
morphological alterations in both the dentate gyrus and
prefrontal cortex with increasing propofol dose. The dentate
gyrus showed preserved cytoarchitecture in control animals,
followed by mild neuronal distortion at 0.5 mg/kg, more
pronounced morphological alterations and pyknotic nuclei at 1.0
mg/kg, and marked structural alterations with reduced neuronal
profiles at 1.5 mg/kg. A comparable pattern was observed in the
prefrontal cortex, where mild neuronal shrinkage and distortion
at 0.5 mg/kg progressed to more pronounced morphological
alterations, vacuolation, reduced neuronal profiles and neuropil
distortion at the higher doses. These observations are broadly
consistent with experimental evidence suggesting that prolonged
propofol exposure may affect hippocampal neuronal integrity
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and neurogenesis [31, 32]. The parallel changes observed in the
dentate gyrus and prefrontal cortex are also of potential
functional relevance given the involvement of these regions in
spatial memory, executive processing and behavioural
regulation. However, the present histological assessment was
primarily morphological. H&E and Cresyl Violet staining can
demonstrate alterations in cellular organisation, neuronal
morphology, chromatolysis, pyknosis and vacuolation, but they
do not independently establish apoptosis, definitive neuronal
death or a specific molecular pathway of neurodegeneration.
Taken together, the behavioural, biochemical and histological
findings indicate that repeated propofol exposure was associated
with alterations across multiple biological domains. Reduced
locomotor and spatial working-memory performance at higher
doses occurred alongside alterations in circulating dopamine,
acetylcholine and serotonin, increased MDA, altered TAC and
changes in selected inflammatory cytokines. These changes
were accompanied by progressive histomorphological
alterations in the dentate gyrus and prefrontal cortex. Although
the temporal and dose-related concurrence of these findings
suggests that they may be biologically related, the present
experimental design does not establish causal relationships
between individual biochemical changes and the observed
behavioural or histological outcomes.

The study provides evidence that repeated propofol exposure is
associated with alterations in behavioural performance,
circulating neurochemical and biochemical parameters, and
brain histomorphology in Wistar rats. The non-linear responses
observed across several endpoints further indicate that the
biological effects of repeated propofol administration cannot be
adequately characterised as uniformly dose-dependent. Future
studies should incorporate sex-stratified analyses, direct
assessment of brain neurotransmitter systems, molecular
markers of oxidative stress and neuroinflammation, and specific
markers of neuronal integrity and cell death to clarify the
mechanisms underlying these observations.

Conclusion

Repeated propofol administration was associated with
significant alterations in behavioural performance, circulating
neurochemical measures, oxidative balance, inflammatory
markers, and brain histomorphology in Wistar rats. These effects
included alterations in locomotor and exploratory behaviour,
changes in anxiety-related exploration and Y-maze performance,
a marked reduction in circulating dopamine, increased
acetylcholine at the medium and high doses, non-linear changes
in serotonin, increased MDA and TAC, reduced TNF-a and IL-
10, and progressive histomorphological abnormalities in the
dentate gyrus and prefrontal cortex. Overall, the findings
indicate that repeated propofol exposure produces complex,
parameter-dependent effects that are not uniformly dose-
dependent. The observed behavioural, circulating biochemical,

and histomorphological changes should not be interpreted as
definitive evidence of clinical neurotoxicity, particularly

because the study did not directly assess neuronal cell death or
region-specific brain neurochemistry. Nevertheless, the findings
provide experimental evidence supporting further investigation
of the long-term consequences, reversibility, and molecular
mechanisms underlying repeated propofol exposure.

Figure 9b. Representative photomicrographs of the prefrontal
cortex following repeated propofol administration (Cresyl Violet,
x400). Control group showing intense Nissl staining and preserved neuronal
morphology. Propofol 0.5 group showing mild chromatolysis and reduced
staining intensity. Propofol 1.0 group showing moderate chromatolysis and
neuronal morphological alterations. Propofol 1.5 group showing marked
reduction in Nissl staining and pronounced chromatolytic changes. GC:
Granule Cell, PC: Pyramidal Cell, Ng: Neuroglia

Limitations

Several limitations should be acknowledged. First, the
biochemical sample size was smaller than the behavioural
sample size, which reduces the statistical power and
generalisability of the biochemical findings. Second,
histological evaluation was primarily descriptive and was not
accompanied by quantitative neuronal counting or
immunohistochemical assessment of apoptosis, microglial
activation, or astrocytosis. Third, the peripheral biochemical
measurements may not directly reflect neurotransmitter
concentrations or neurochemical activity within specific brain
regions. Fourth, the study did not assess whether the observed
behavioural, biochemical, or histomorphological changes were
reversible following cessation of propofol administration. In
addition, the inclusion of both male and female animals without
sex-stratified statistical analysis limits interpretation of potential
sex-related differences in response to repeated propofol
exposure. Future studies should incorporate quantitative
stereological assessment and complementary markers such as
NeuN, GFAP, Iba-1, cleaved caspase-3, and TUNEL, together
with more comprehensive measures of oxidative stress,
antioxidant enzymes, and mitochondrial function. Direct
assessment of neurotransmitters within relevant brain regions
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would also strengthen interpretation of the neurochemical
findings. Longitudinal behavioural and biochemical assessments
following cessation of propofol administration would further
help establish the persistence or reversibility of the observed
effects
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