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Abstract

Activation of the innate immune system by bacterial endotoxins such as lipopolysaccharide
(LPS) produces marked neurophysiological, neuroendocrine, and behavioural changes in
animals, manifesting as sickness behaviours like hypophagia, weight loss, reduced locomotion,
and depressive-like symptoms. This study evaluated chronic administration of ethanol extract of
Ocimum sanctum Linn. leaves (EEOS) against LPS-induced sick behavioral deficits in rats. LPS
(1 mg/kg 1.p.) significantly reduced ambulation (10.67 vs. 50.50), grooming (2.83 vs. 11.0),
social interaction duration, locomotor activity, and spatial memory performance, while elevating
immobility and anxiety-like behavior. EEOS treatment (50, 100 & 200 mg/kg) dose-dependently
improved these measures. In the open-field, EEOS 200 mg/kg restored ambulation (61.17),
grooming (11.50), and lowered immobility (38.58), comparable to indomethacin. Elevated-plus
maze tests showed increased open-arm entries and time (3.17 entries, 65.81s) in EEOS
200 mg/kg rats versus LPS controls. Social interaction improved markedly, with reduced passive
interaction time and restored exploratory contacts. EEOS also normalized body temperature
(from >39 °C post-LPS to ~37.4 °C), mitigated weight loss (other groups 168 g vs 182 g control),
and improved food and water intake. Radial-arm maze trials indicated fewer errors and shorter
completion times in EEOS-treated animals, supporting cognitive benefits. Overall, chronic
EEOS administration attenuated sickness and depressive-like behaviors induced by LPS, likely
through immunomodulatory and antioxidant actions suppressing pro-inflammatory cytokines and
modulating neurotransmitter systems. These findings support Ocimum sanctum as a promising

natural intervention for inflammation-associated neurobehavioral disorders.

Keywords: Ocimum  sanctum, LPS, endotoxemia, sickness behavior, cognition,

neuroinflammation.
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1. Introduction

Lipopolysaccharide (LPS) is regarded as a complex glycolipid localized in the outer membrane
of gram-negative bacteria, either injected or generated during the course of infections, induces
through various mechanisms, several pathophysiological conditions producing a constellation of
hemodynamic, hematological, metabolic and neuroendocrine changes, called “sickness
behavior” in humans or laboratory animals.' and is a key molecule in the pathogenesis of gram-
negative endotoxemia, sepsis and septic shock.* These include regulated increases in body

temperature>® sleep’ as well as depressive like signs,® activation of the hypothalamo-pituitary-

) 9,10 8,12
2

adrenocortical-axis (HPA-axis suppression of body weight gain,!® feeding,®!! drinking,
locomotor and exploratory activity and reduced social behavior® and alterations in brain
neurotransmitter.>'? The effects of LPS, which has been under experimental research for several
years, are due to the peripheral release of pro-inflammatory cytokines such as interleukin-1 (IL-
1), IL-6 and tumor necrosis factor-alpha (TNFa) by activated monocytes and macrophages in the
CNS.!* The same effects can be obtained by systemic administration of the cytokine-inducer
LPS, a component of the cell wall of Gram-negative bacteria.®!>6 LPS induces the expression of
not only pro-inflammatory but also anti-inflammatory cytokines such as IL-10 and IL-13 in the
brain.!” Another important anti-inflammatory cytokine IL-4, although not synthesized in the
normal brain is strongly expressed during brain injury, infection, experimental autoimmune
encephalomyelitis, and neurodegenerative processes.!”!® Thus it has been suggested that
immunological activation with LPS or cytokines themselves may be interpreted by the CNS as a
stressor, and that the immune system may act as a sensory organ for non-cognitive stimuli such
as bacteria, tumors, viruses etc.!”?° Many laboratories have reported that LPS treatment induces
neurotoxicity via microglia activation in mixed neuron/glia cultures. Activated microglia
produce large amounts of prostanoids, ROS, NO and proinflammatory cytokines such as TNF- a,
IL-1, IL-6 and IL-8, AA metabolites, and quinolinic acid which are capable of sustaining
inflammatory state and in turn, cause neuronal damage.?'*> Ocimum sanctum (O.sanctum Linn.
Holy basil, Family: Labiatae) is a well known, widely distributed and highly esteemed and a
sacred medicinal herb especially for Hindus in the Indian subcontinent. Indian Materia Medica?®
describes the use of various extracts of O.sanctum leaves in a variety of disorders, like
bronchitis, rheumatism and pyrexia.>* Several recent investigations of O.sanctum indicating

neuroprotective, antidepressive, antianxiety, antistress, antiulcer, adaptogenic, analgesic,
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antipyretic,  anti-inflammatory, = immunomodulatory,  cardioprotective, = hyolipedemic,
hypoglycemic, hepatoprotective, diuretic, radioprotective, anticarcinogenic and antioxidant
properties have been reviewed by various authors®>2® There has been a recent surge of interest
in the behavioral effects of pro-inflammatory cytokines in behavioral and
neuropsychopharmacology. Since O.sanctum is a well-known rasayan whose influence on
sickness behavior has received very little attention especially about its effect on the feeding
pattern and feeding rhythms that underlie the hypophagia, general behavior, locomotor activity,
changes in body weight and pyrexia following LPS administration in female rats. If sickness
behavior is the ineluctable result of the brain action of those proinflammatory cytokines that are
released at the periphery during the course of an innate immune response or even in response to
exteroceptive stressors, it becomes important to find out how this behavior is regulated. The
present study was undertaken to elucidate the role of EEOS to the behavioral and pyrogenic
responses induced by systemic LPS challenge. We anticipated that behavioral tests used in the
present study could contribute to the evaluation of potential drugs effective in the prevention of
sickness syndrome

.2. Materials and Methods

2.1. Animals

Adult 3-4-month-old female Sprague-Dawley rats weighing between 120-160 g were used.
Animals were procured from the Central Animal House of the institute, housed in colony cages
at an ambient temperature of 25 + 2°C and 45-55% relative humidity with 12-hour light / dark
cycles. They had free access to pellet chow (Brook Bond, Lipton, India) and water ad libitum.
Animals were exposed only once to the experiments on any day of the study, performed between
0900 to 1700 hours to avoid the influences of circadian rhythm. A protocol for the use of animal
studies was approved by the Institutional Animal Ethical Committee, under the regulation of
CPCSEA, New Delhi (JSS/IAEC//PhCology/02/2004-05).

2.2. Plant material and extraction

The aerial parts of the plant O.sanctum were collected from Bhavani, Erode district, Tamil Nadu,
India. It was taxonomically identified by the Survey of Medicinal Plants and Collection Unit,
Ooty, Tamil Nadu, India, and a herbarium of the plant is preserved in the Department of
Pharmacognosy,. The whole plant was washed, and leaves were separated from other aerial

parts, freed from earthy material and shade dried with occasional sifting at room temperature.
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Dried leaves were coarsely powdered (1.9 kg + 0.5 dry basis) and subjected to extraction by cold
maceration with 90% ethanol (17.38 % yield) at room temperature with continuous stirring (300
rpm) for 7 days, after defatting with pet ether (60-80°C). The solvents were evaporated with
rotary vacuum and stored in a desiccator, and then made into a fine suspension using 0.5%
Tween 80. The principle chemical constituents (rosmarinic and ursolic acid) of the extract were
previously quantified using HPLC and LCMS.??® The ethanol extract of O.sanctum leaves
(EEOS) was then employed against LPS-induced deficits in rats to evaluate the effect on
‘sickness behavior.’

2.3. Drug treatment

Escherichia Coli LPS (serotype 055:B5, Sigma Chemical Company, New Delhi, India) was
dissolved in sterile 0.9% NaCl to give a concentration of 100 pug/ml and was used. Our
experiment was designed to assess the effect of EEOS (50, 100 and 200 mg/kg; p.o) and
indomethacin (10 mg/kg; i.p), administered 1 hour after a single intraperitoneal injection of LPS
(1.0 mg/kg) on water and food intake, body temperature, locomotor activity and anxiety levels in
non-fasted rats. The rats were divided into 6 groups, and except for the vehicle-treated group, all
other groups were administered EEOS and indomethacin up to 21 days. The dose of LPS was
determined in view of the results of a pilot study and our preliminary experiments that assessed
the ability of EEOS to attenuate the LPS-induced sickness behaviour. The animals were
subjected to the following behavioural studies immediately after a single LPS administration
from day 1 to day 21.

2.4. Behavioural tests

The animals were observed for 45 minutes immediately after LPS injection on day 1. They were
observed for any changes in behaviour and scored 5 when they exhibited any of the following
behaviour, and scored 0 for normal behaviour. The psychological and physiological effects of
immune activation following LPS injection resemble the characteristics of depression. The
essential features of depression are depressed mood and loss of interest or pleasure in all, or
almost all, activities (anhedonia). The following depressive-like symptoms were diagnosed and
observed for scoring, which included: (1) appetite disturbance, (2) sleep disturbances, (3)
psychomotor disturbance, (4) self-care behaviours, (5) aggression, (6) ambulation, (7) grooming
and (8) faecal counts. These behavioural symptoms are collectively termed ‘sickness behaviour’,

and may be an adaptive response to an infectious agent attack, rather than secondary to the
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disease process itself and the fever that accompanies it. The general behaviour is scored relative
to the ‘sickness behaviour’ exhibited by the animals.

2.5. Food intake

The measurement of food intake was studied by presenting pre-weighed food to the animals in
all the groups immediately following LPS and drug treatment. The amount of food consumed by
the animals (food intake g/g weight of rat) was evaluated by weighing the remaining amount of
food, 24 hours after food presentation, with an accuracy of + 0.1 g for 21 days. Spillage of food
pellets was rare, but any obvious spillage was noted, and those data were excluded from the
analysis. The food pellets were placed at a height accessible to the experimental animals (S5cm
from the floor of the cage), so they did not need to rear up to reach water and food.

2.6. Water intake

The animals in all the groups had free access to water during the entire duration of the study.
Water intake was studied by measuring the volume of water (water intake mL/g body weight of
rat) consumed over 24 hours for 21 days, following injection of LPS, in all the groups. Clean
water was provided in graduated burettes with drinking spouts, allowing direct volumetric
measurements of intake to the nearest 0.1 mL. The drinking spouts were placed at a height
accessible to the experimental animals (Scm from the floor of the cage), so that they did not need
to rear up to reach water.

2.7. Body weight

The body weight of the animals was monitored daily by weighing on a top-loading balance with
an accuracy of = 0.1 g. All measurements were made every day between 0830 and 0915 hours,
immediately before administration of LPS or drug treatment, starting from the day of injection
(day 1) and continued for 21 days thereafter. Changes in body weight were calculated by
subtracting the weight of the animal obtained on every day from that of the animal's weight
immediately before the first LPS injection and expressed as g% changes (changes in body weight
per 100 g).

2.8. Measurement of body temperature

In addition to the above-mentioned behaviour parameters, the changes in body temperature were
measured for 21 days following LPS and drug treatment. Rectal temperature was recorded using
a digital thermometer. The thin probe of the thermometer was inserted about 5 mm into the

rectum of the rats. The temperature was allowed to equilibrate for 15-30 seconds before readings
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were taken. All the measurements were made at an ambient temperature of 25°C + 2°C. The
rectal temperature was recorded every 2 hours up to 8 hours (0900 hours), immediately after a
single 1.p. injection of LPS on day 1, as described earlier. Thereafter, the rectal temperature was
recorded every 24 hours, immediately before the administration of EEOS from day 1 to day 21.
2.9. Anxiety

2.9.1. Open-field exploratory behaviour test

An open-field apparatus similar to that of Bronstein, 1972% made of plywood and consisting of a
square (61x61x61cm), was used. The entire apparatus is painted black except for 6mm white
lines that divide the floor into 16 squares. The open-field was lit by a 100W bulb focusing onto
the field from a height of about 100cm above the floor. The entire room was kept dark during the
experiment. Each animal was centrally placed in the test apparatus for 5 min, and the behavioural
aspects of anxiety, such as ambulation, rearing, self-grooming, defecation and activity in central
squares were recorded. The open-field apparatus was then cleaned using 5% ethanol before
introducing the next animal to preclude the possible cueing effects of odours left by previous
subjects. To minimise the possible influences of circadian changes on rat open-field behaviour,
control and experimental animals were intermixed.

2.9.2. Elevated-plus maze behaviour test

The apparatus was made from wooden material. The floor in the maze was covered with a plastic
mat, the maze compartments consisted of two open arms, 50x10cm and two enclosed arms of the
same dimensions with 40cm high plastic walls. The arms extended from the central platform of
10x10cm to give the apparatus a plus sign appearance. The maze was mounted on a plexiglass
base, 50cm above the floor. Experiments were carried out in a darkened and quiet room with a
constant light of 15W, directed towards the apparatus. The light levels on the open and enclosed
arms were equal. Animals were brought into the room 1 h before the start of the experiments.
The rats were individually placed on the central square of the plus maze facing the open arm for
a 5-minute test.>° The control and experimental rats were intermixed. During that time, the
number of entries in open and closed arms and the time spent in the open and closed arms were
scored by direct observation. Arm entries were defined as the entry of all four paws into the arm.
2.9.3. Social interaction test

Rats were isolated singly for 5 days before the test. The social interaction arena was a dimly lit

plexiglass box (60x60x35cm) with a solid floor. The rats received two 10-minute familiarization

PAGE NO: 158



TANZ(ISSN NO: 1869-7720)VOL20 ISSUES 2025

sessions individually in the test arena, at an interval of 1 h, 24 h before final testing. On the next
day, rats were paired on a weight basis and placed in the test area for 10 min. The time spent by
the rat pair in active social interaction, characterized by sniffing, following, grooming, kicking,
boxing, biting, wrestling or crawling over or under the partner, time of contact, duration of social
interaction, locomotor and passive immobility were recorded.’! Control and experimental rats
were intermixed.

2.9.4. Ambulatory behaviour test

The spontaneous motor activity was determined in an automated cage rack photo beam activity
system (Techno). This operates on photoelectric cells, which are connected in a circuit with a
counter. When a beam of light falling on the photocell is cut off by the animals, a count is
recorded. The rats were placed individually into a clear 45.7 cm X 23.5 cm X 20.3 cm activity
cage with 4 photo beams spaced 11 cm apart on either side of the cage. Photo beams were
positioned 52 mm above the cage floor. Testing occurred in a room with dim illumination, and
the movement was studied for the next 5 minutes.*” In order to reduce any neophobic response to
the test conditions, the cages had been previously dirtied by rats other than those used for the
test, and there was no cleaning between trials.

2.10. Depression

2.10.1 Forced-swim test

Rats were forced to swim individually in a glass jar (25 X 12 X 25c¢m?) containing fresh water of
15 cm height and maintained at 25°C (£3 °C). After an initial 2-minute period of vigorous
activity, each animal assumed a typical immobile posture. A rat was considered to be immobile
when it remained floating in the water without struggling, making only minimum movements of
its limbs necessary to keep its head above water. The total duration of immobility was recorded

during the next 4 min of a total 6 min test.*?

The changes in immobility duration were studied
after administering drugs in separate groups of animals. Each animal was used only once.

2.11. Cognitive function

2.11.1. Radial-arm maze test

The effect of LPS, EEOS and indomethacin on learning and memory was evaluated in an eight-
arm radial arm maze made of wood and elevated 50 cm above the floor level. The radial-arm
maze consisted of an octagonal central platform, a 35 cm diameter arena, from which eight arms,

each 80 cm long, 10 cm wide and 4 cm high, radiated at equal angles. The maze was located in
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the center of the room. Each arm contained a food cup (1 cm deep) and was centered 2 cm from
the terminal end of each arm. The testing room contained many extra maze cues and was dimly
lit while sessions were in progress. At the beginning of each trial, the animals were given drug-
free training for three days, for 10 min. On day 4, the rats were tested one session per day, with
all eight arms baited with 1 pellet of food each. Rats were allowed to run freely in the maze until
they collected all 8 pellets of food or 10 min had elapsed, whichever occurred first. The
following parameters were recorded: (i) total number of errors, i.e., re-entry into baited arms that
had already been visited during the session; (ii) total arm entries; and (iii) the number of days to
learn the task.** The rats were declared learnt after reaching the performance of committing one
mistake on three consecutive days.

2.12. Statistical analysis

The data are expressed as mean + SEM from six observations in each group. The behavioural
data were subjected to one-way analysis of variance (ANOVA), followed by Dennett’s multiple
comparison posttests. A probability level (p) of value of less than 0.05 was considered to be
statistically significant. The statistical analysis was carried out using GraphPad Prism for
Windows (GraphPad Prism Software; version 4.03; San Diego, California, USA).

3.1. Results & Discussions

3.1. Behavioural tests

General behavior

Treatment of LPS resulted in sickness, poverty in behavior and invariably all the animals
exhibited calmness after the administration of LPS. Rats treated with LPS exhibited a prolonged
sickness behaviour in comparison to the control rats (1.5 £ 0.91). While the LPS-treated group
scored 4.5 + 0.68, the scores of animals treated with EEOS were 4.0 + 0.51, 3.5 £ 0.2 and 3.25 +
0.32 for 50, 100 and 200 mg/kg, respectively. Indomethacin-treated animals exhibited little or
no obvious change in behaviour (2.0 + 0.36).

3.2. Food intake

LPS caused a significant decrease in food consumption in all the groups except the vehicle group
Maximum suppression in food intake was observed, in all the groups in the first 24 hours
following LPS injection (LPS group: -0.151 £ 0.0001 g/g body wt, p<0.001; EEOS 50 mg/kg: -
0.114 + 0.002 g/g body wt, p<0.001; EEOS 100: -0.133 + 0.003 g/g body wt, p<0.001; EEOS
200 mg/kg: -0.122 + 0.001 g/g body wt, p<0.001;) in comparison to control animals, which
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consumed 0.162 g of food/gram body weight. The quantity of food intake recovered gradually
over the course of study, in all the groups, and reached the values, equivalent to that of control
rats (food intake: 0.243 + 0.006 g/g body wt, p<0.001 on day 21), except in LPS- treated rats
(food intake: 0.136 + 0.002 g/g body wt, p<0.01 on day 21). Similarly, indomethacin-treated rats
consumed 0.219 + 0.005 g / g body wt (p<0.01 in comparison to the control and LPS group) on
day 21.

3.3. Water intake

LPS insult significantly reduced (0.074 ml/g/day; p<0.001) water intake, indicating that
parenteral administration of LPS caused prompt but transient suppression in water intake, in
comparison to control rats (0.150 ml/g/day; p<0.01). The suppression of water intake was
evident for the first 6 days. Post-treatment with EEOS (50, 100 and 200 mg/kg b.w.)
significantly (p<0.01) attenuated the LPS-induced loss of water intake. Similarly, in comparison
to LPS-treated rats, indomethacin-treated rats significantly consumed more water (0.110
ml/g/day; p<0.01, after 24 hours). The results of the EEOS-treated group are significantly
(p<0.01) comparable with control rats

3.4. Body weight

Body weight changes monitored for 3 weeks following LPS challenge demonstrated a significant
effect of EEOS treatment on body weight gain. Post-hoc analysis demonstrated that chronic
EEOS treatment produced a dose-dependent significant increase in body weight gain. LPS
caused a significant reduction in body weight (-19.34 £ 1.24 g and -15.13 = 1.79 g, in the LPS-
treated group), in comparison to the control rats after 24 and 48 hours, respectively. The body
weight of the rats recovered slowly over the second and third day, and the body weight was
found to be equivalent (in gram weight) to the mean body weight of the control rats, on day 9.
However, the indomethacin-treated group displayed a complete attenuation of LPS-induced
reduction in body weight gain (-5.8 £ 1.98g and -3.10 + 0.68 g weight loss, after 24 and 48
hours, respectively, following LPS-treatment). At the end of 21 days of experimental period, the
mean body weight of the LPS-treated rats was found to be 168.10 + 1.04 g, while that in groups
EEOS 50, 100 and 200 mg/kg treated rats were 172.32 + 3.91, 180.36 + 2.67 and 168.19 + 2.56
g, respectively

3.5. Body temperature
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Rats disturbed by handling due to injection responded with an increase in body temperature that
lasted for about 120 minutes, which is regarded as a stress-induced rise in mean body
temperature The mean body temperature was higher in LPS-treated animals, evoking a
significant monophasic increase in mean body temperature, as early as at 4" hour (39.52°C +
0.003, p<0.01), whereas, at the same time, the mean body temperature observed in the control
group was 37.42°C + 0.003. Significant decrease in the mean body temperature was observed
with varying doses of EEOS-treated groups, in comparison to control and LPS-treated groups
(EEOS 50: 39.02°C £ 0.004, p<0.0; EEOS 100: 38.50°C £ 0.006, p<0.01; EEOS 200: 38.20°C +
0.004, p<0.01). The least disturbance in mean body temperature was observed in the
indomethacin-treated group, which showed 38.22°C + 0.014 (p<0.01) after 4 hours of LPS
injection. No further significant increase in body temperature was observed in any of the groups
after 4 hours. Compared with the LPS-induced fever, the febrile responses of the other groups
were abrogated almost completely. Injection of EEOS was found to significantly suppress the
LPS-induced fever in rats.

3.6. Behavioural studies

The results of the experiment on the various doses of EEOS and LPS on the behaviour in the
open-field test revealed significant differences among the groups in line crossings, rearing and
grooming episodes. Post-hoc comparisons showed that each one of the groups administered with
LPS manifested significantly fewer line crossings and rearing than saline-injected controls.
Animals injected with high doses of EEOS crossed significantly more lines in comparison to the
lower dose levels. Administration of indomethacin significantly attenuated the effects of LPS in
the open field test. The data were obtained on the cage locomotor activity on days 1 and 21. In
comparison to the controls (48.50 = 2.33), the locomotion of LPS—treated rats (15.67 = 1.20,
p<0.01) was significantly decreased. The effects of LPS were significantly attenuated in rats
following treatment with EEOS in doses employed (50 mg/kg: 21.67 £ 1.05; 100 mg/kg: 30.67 £
2.17, and 200 mg/kg: 43.00 £ 1.21). Indomethacin (52.67 + 1.99) significantly increased the

ambulatory behaviour in rats. Our results confirmed that systemic LPS administration inhibits

12,35 8,35

the consumption of water and food,®!! reduces locomotor activity,®> increases anxiety

36,37

levels*®37 and has pyrogenic properties.>**3°. These findings are in accord with the results of

previous experiments demonstrating that LPS treatment induces a response in brain

40,41

neurotransmission***! and activation of the HPA-axis.** This finding complements work showing
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that the NSAIDs attenuated the decrease in body weight and sickness behaviour induced by
LPS 3114243 Degpite extensive study, the mechanism of action of LPS in the brain has yet to be
fully elucidated.**** Several lines of investigation now suggest that its primary action in the brain
may be mediated by an increase in the concentrations of pro-inflammatory cytokines and several
autacoid factors.***° Moreover, it has also been proposed that LPS may stimulate cerebral lipid
peroxidation and oxidative damage through an increased production of reactive oxygen
intermediates.**%! Based on this evidence, many of the tissue injuries induced by LPS could be
mediated by an overproduction of reactive oxygen, free radicals, proteases and pro-inflammatory
cytokine.>?

The effect of LPS on line crossings and rearings may be viewed as a general depressive effect on
locomotion as well as suppression of exploratory behaviour. These resorts are consistent with a
recent report that LPS decreases locomotor and exploratory activity in different paradigms.>S
The effect of LPS on grooming represents the reduction in the self-care behaviours associated
with sickness. Reduced grooming has been anecdotally documented,?7 but to our knowledge but
quantitatively has not been demonstrated before. LPS-induced depression of motor, exploratory
and self-care behaviours may be a model for the adaptive behavioural response to infection and
sickness.”” Reduced locomotor and exploratory behaviours save body energy reserves that are
required for the increased metabolic costs of fever and reduce heat loss that occurs from
exposure of the body surface during locomotion. The effect of LPS on grooming may be
secondary to its effect on general motor activity. Alternatively, it has been suggested that
reduced grooming may be selectively adaptive during illness since it prevents heat loss from
exposure of the skin surface and loss of water through saliva used in grooming.” The mechanism
by which LPS produces its effect on behaviour could involve the production of cytokines such as
IL-1, IL-6, TNF and/or production of other immune- or neural-derived factors, such as
endogenous opioids. Indeed, exogenous administration of IL-1 was found to decrease
exploratory behaviour in a multi-compartment chamber® as well as exploration of a juvenile
conspecific and food-motivated operant behaviour.>®> Moreover, several investigations have
demonstrated that some of the behavioural effects of LPS are mediated by IL-1 secretion. For
example, administration of IL-1 receptor antagonist (IL-1 ra) was found to block the effect of
LPS on social exploration and body weight.!” Ford & Klugman (1980)** and Matsuzek &

Ishikawa (1981) reported that perturbations in neurotransmitter activities such as 5-HT and NA
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could account for the elevated body temperature following LPS administration. Other
intermediates that could play a role in LPS-induced fever include PGs®® and NO*’. Cytokines
such as IL-1a and B, IL-6 and TNF-a and neuropeptides such as vasopressin and MSH are also
believed to act as mediators of LPS-induced fever’. Sakina et al., (1990)°® and Maity et al.,
(2000)* have reported on the antidepressant action of O.sanctum and further suggested that
antidepressant drugs are clinically effective after chronic, but not acute treatment.®® Similarly, in
the present study, chronic EEOS treatment (for 21 days) may have produced adaptive changes in
several neural systems, particularly monoaminergic systems and the hypothalamus-pituitary-

), 2106162 causing attenuation of LPS-induced suppression of food and

adrenal axis (HPA-axis
water consumption and body weight gain, hyperthermia and general behaviour parameters of the
rats. These findings provide further support for the similarity between LPS-induced immune
activation, anxiety and depression. Activation of the HPA-axis alters neurotransmitter, immune,
and behavioural functions and may contribute to the development of depressive symptoms in
humans.!%61:6364 In a report, De La Garza et al., (2004)® showed that LPS administration
strongly increased corticosterone release, affecting behavioural parameters, which was
significantly lower in diclofenac-treated rats. LPS-induced changes in the concentrations of
biogenic amines in the hypothalamus are without a doubt significant contributors to the other
central effects of LPS, such as anorexia, sleep and fever'>%!1:333 Thus, EEOS is considered to
antagonise the effects of LPS on the HPA-axis, thereby normalising the behavioural parameters
observed in this study. EEOS has been found to prevent stress-induced increase in plasma
corticosterone and leukocyte count,’® and normalise the stress-induced changes in central ACh
and biogenic amines like NA, Adr, 5-HT, and 5-HT turnover in the brain following.67 Hence, the
inhibition of the rise in plasma corticosterone and its effect on central neurotransmitter levels by
EEOS, in response to several stressors, may be considered to be responsible for normal
behavioural parameters observed with EEOS-treated animals. PGE> levels of brain interstitial
fluid rise following peripheral injection of LPS. Pharmacological blockade of PGE; synthesis
attenuates many peripheral LPS-induced responses, such as fever,%® brain c-fos expression, HPA-
axis activation,” increased splenic sympathetic activity,%’ activation of serotonergic and
noradrenergic neurotransmission in the hippocampus and increased blood-brain barrier
permeability.”’ Increased production of PGE; in the brain, therefore, is critically involved in

these CNS-linked responses to peripheral LPS on behavioural parameters. Hence, the positive
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behavioural effects produced by EEOS may be attributed to its ability to inhibit and
downregulate arachidonic acid metabolites, PGE> and COX activity, peripherally. Another
possible explanation of the present result is that chronic treatment with EEOS suppressed LPS-
induced activation of cytokine systems, which normally mediate the behavioural effects of LPS.
Thus, it could be possible that the protective actions of EEOS might be through the suppression
of free radicals. Ravindran et al., (2005)”' and Samson et al., (2006)’?> have demonstrated that
administration of EEOS has prevented the sub-acute noise stress-induced increase in the levels of
neurotransmitters (NA, Adr, DA, 5-HT and 5-HT turnover, respectively) and a D receptor
agonistic action, in discrete rat brain regions. It is also known that stressful situations stimulate
various areas of the hypothalamus and activate the HPA-axis. The changes in the brain
neurotransmitter levels after the noise exposure are well protected and were brought towards
normal levels in the EEOS-treated groups, indicating that some of the active principles present
can cross the blood-brain barrier. Active principles present in Ocimum species, such as
rosmarinic acid, lithospermic acid, and other phenolics, terpenoids, etc”® have been attributed to
be responsible for their diverse medicinal activities. Therefore, it can be assumed that the activity
of O.sanctum in reducing the elevated neurotransmitter levels may depend on one or many of its
active principles, such as roamarinic acid, ursolic acid, eugenol, methyleugenol, «,53-
caryophyllene, methylchavicol, linalool, 1,8-cineol, orientin, vicenin, etc which may act on the
synthesis or reuptake of brain neurotransmitters. This hypothesis is well supported by the reports
that O.sanctum can act through D receptor and alleviate neurological disturbances. Moreover, it
is also further reported that O.sanctum normalized the stress-induced membrane changes in the
hippocampus and sensorimotor cortex. These reports also indicate that O.sanctum is a non-
specific anti-stressor.”* Therefore, this activity of O.sanctum and the probable interactions with
the D> receptors can be assumed to play a major role in the normalisation of the brain
neurotransmitter levels. The suppression of food and water intake, body weight and body
temperature is considered to be symptoms associated with depression and termed as ‘sickness
behaviour.” The sickness behaviour is in some ways similar to depressive behaviour following
LPS treatment.”> Sakina et al., (1990)°® and Maity et al., (2000)*° have reported on the
antidepressant action of O.sanctum and further suggested that antidepressant drugs are clinically

t.61

effective after chronic, but not acute treatment.”’ Similarly, in the present study, chronic EEOS

treatment (for 21 days) may have produced adaptive changes in several neural systems,
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particularly monoaminergic systems and the HPA-axis”!061:63

causing attenuation of LPS-
induced suppression of food and water consumption and body weight gain, hyperthermia and
general behaviour parameters of the rats. These findings provide further support for the similarity
between LPS-induced immune activation, anxiety and depression. O.sanctum has been found to

t,% and normalise

prevent stress-induced increase in plasma corticosterone and leukocyte coun
the stress-induced changes in central ACh and biogenic amines like NA, Adr, 5-HT, and 5-HT
turnover in the brain.%” Hence, the inhibition of the rise in plasma corticosterone and its effect on
central neurotransmitter levels by O.sanctum, in response to several stressors, may be considered
to be responsible for normal behavioural parameters observed with EEOS-treated animals. PGE>
levels of brain interstitial fluid rise following peripheral injection of LPS. Pharmacological
blockade of PGE: synthesis attenuates many peripheral LPS-induced responses, such as fever,®
brain c-fos expression, HPA-axis activation® increased splenic sympathetic activity® activation

4 and increased blood-brain barrier

of 5-HT and NA neurotransmission in the hippocampus,
permeability.”’ Increased production of PGE, in the brain, therefore, is critically involved in
these CNS-linked responses to peripheral LPS on behavioural parameters. Hence, the positive
behavioural effects produced by EEOS may be attributed to its ability to inhibit and
downregulate arachidonic acid metabolites, PGE> and COX activity, peripherally. Another
possible explanation of the present result, is that chronic treatment with EEOS suppressed LPS-
induced activation of cytokine systems, which normally mediate the behavioural effects of LPS.
The role of receptors in the reduction of corticosterone levels was also suggested by Wilson et
al., (1980).7 This could fulfil the criteria suggested by Brekhman & Dardymov (1969)"7 that the
adaptogenic agents could possess the normalising action irrespective of the direction of

preventing pathological changes. The concepts of Brekhman & Dardymov (1969)"’

regarding the
adaptogenic properties of O.sanctum have been accepted by several researchers in their
investigations on the herb, like Sakina et al., (1990)’* and Singh et al., (1991).”® O.sanctum was

found to prevent inflammation, generation of ROS against various stressors (stress-induced

66,79 t80

increase in plasma corticosterone and leukocyte count, organ weight®™ and neutrophil
function,®! plasma lipid profiles.®> This reduction in neurotransmitter level and other blood
profile strongly suggests that O.sanctum may be responsible for attenuating the behavioural
sickness-like parameters. Hence, it is now evident that ethanol extract of O.sanctum prevented

the changes in stress-induced indices like plasma corticosterone level, leukocyte count,
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neutrophil function and plasma lipid profiles, and thus acted peripherally as well. The CNS plays
an important role in the development of stress-induced ulcers, and O.sanctum was found to
prevent the development of ulcers during stressful conditions. In the light of all these
observations, it could be speculated that the CNS might be one of the important sites of action of
O.sanctum extract. Although the protective effect of O.sanctum on CNS against several
stressors®>®? has been well documented and established, the mechanism of action of O.sanctum
extract on IL-1 receptor antagonist has to be investigated and elucidated. Much attention had
been focused on immuno-regulatory changes during stress, and various reports indicate that
O.sanctum had prevented the stress-induced immunosuppression in rats. In summary, LPS
produced significant locomotor decrements and other general behaviour parameters more
robustly. In addition, LPS caused significant changes in body weight, food and water intake and
body temperature. The behavioural effects were significantly attenuated by EEOS in a dose-
dependent manner. Since treatment with EEOS antagonised the behavioural and pyrogenic
effects induced by LPS, we could believe in an interaction between LPS administration and

various apparatus involved in sickness behaviour.
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Figure 43. Effect of EEOS, indomethacin on body weight changes in LPS- treated rats
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Figure 44. Effect of EEOS, indomethacin on food intake in LPS-treated rats
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Figure 45. Effect of EEOS, indomethacin on
water intake in LPS-treated rats
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Figure 46. Effect of EEOS, indomethacin on
body temperature in LPS-treated rat
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Table 1: Effect of EEOS on various drug treatments on Open-field exploratory behaviour
in LPS-treated rats on day 1 and day 21

Groups Day Ambulation | Rearing | Grooming No. of FP | Central Sq | Immobility
01 50.50%k 17.50¢% 11.00% 1.83dh L.17" 31.054
Control +2.39 +1.38 +0.51 +0.16 +0.16 +1.57
21 53.83¢% 18.504k 12.334n 1.67¢ 2.001 34.764
+2.91 +1.17 +0.61 +0.21 +0.44 +1.54
01 10.677e 4503k 2.833k 3.67*" 0.33m 114.1%k
LPS +0.55 +0.22 +0.40 +0.33 +0.21 +6.26
21 15.50°¢k 2.830%k 3.17%k 3.00Pk 0.17em 105.3%k
+0.88 +0.30 +0.30 +0.36 +0.16 +4.01
01 20.17%k 8.17k 5.83 3.17° 0.50™ 82.63n
EEOS 50 +0.70 +0.30 +0.47 +0.30 +0.22 +3.13
mg/kg 21 31.333dk 7.332dk 6.334n 2.00m 2.00f 84.20%
+1.66 +0.42 +0.55 +0.25 +0.25 +2.88
01 39.512d¢ 14.67% 8.834 2.33¢ 2.83¢¢h 69.80%4
EEOS 100 +0.80 +0.76 +1.04 +0.21 +0.30 +3.54
mg/kg 21 48.83% 12.00%2 9.17°4 0.83dn 2.50° 55.47%¢
+1.01 +0.57 +0.87 +0.16 +0.34 +1.46
01 54.50% 19.834ek 9.50dn 2.17¢ 4502 43849k
EEOS 200 +1.33 +0.74 +0.76 +0.30 +0.76 +1.44
mg/kg 21 61.17%4k 15.67¢4m | 11,504 0.33bd2 3.83¢d 38.584ek
+1.35 +0.88 +0.88 +0.21 +0.65 +1.80
01 60.17%d2k 21.00%4 | 10.17% 2.33¢ 3.00¢dh 50.79bdem
Indomethacin +1.85 +0.68 +0.79 +0.21 +0.51 +1.81
10 mg/kg 21 63.6700k 15.83%m | 11.67% 1.50¢ 3.17¢ 48.220de
+1.78 +0.65 +0.71 +0.22 +0.54 +2.14

Values are expressed in mean+SEM; 2p<0.05 Pp<0.01, °p<0.001 compared with control and
*p<0.05 Yp<0.01, ?p<0.001 compared with LPS

Figure 1: Effect of EEOS in Open-Ffeld exploratory behaviour in LPS-treated rats on day
1 and day 21
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Table 2: Effect of EEOS on various drug treatments on Elevated-plus maze behaviour in
LPS-treated rats on day 1 and day 21.

Groups Da No. of Entries Time Spent Rearing | No. of FP
Y Open Closed Open Closed
01 |2.67%m |6.179 72.27% 227.3% 11.67% 1.33d
Control +0.33 +0.47 +3.50 +4.04 +1.08 +0.21
21 | 3.50% 6.339k 70.449 229.5% 11.67% 1.33d
+0.34 +0.49 +1.13 +1.13 +1.08 +0.21
01 |0.50™ 8.832¢k 29.972hk 270.02 1.50% 5.67%
LPS +0.22 +0.30 +1.19 +1.19 +0.22 +0.55
21 [0.50% 9.17%k 15.80%k 284 .34k 1.50%k 5.67%
+0.22 +0.16 +1.33 +1.25 +0.22 +0.55
01 [ 1.17° 4.50P 50.71%dm [ 249 3adm 2.33 am 1.17¢
EEOS 50 +0.16 +0.22 +1.60 +1.59 +0.21 +0.30
mg/ke 21 [ 1333 | 3.83 48.88n 250.92dn 3.834m 1.50¢
+0.21 +0.30 +2.77 +2.70 +0.30 +0.22
01 | 1.50° 3.674 68.24 231.79 5.17%h 1.834
EEOS 100 +0.22 +0.21 +4.33 +4.33 +0.30 +0.30
mg/kg 21 2500 [4.17% 61.23% 238.7 6.83% [ 0.839
+0.22 +0.16 +3.97 +3.97 +0.30 +0.16
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01 |1.83° 3.00%9 77.68% 202.3% 6.50%% [ 2.7
EEOS 200 +0.16 +0.25 +2.45 +2.45 +0.42 +0.21
mg/kg 21 | 3.17% 3.0000 | 65.81% 234.1% 7.004 [ 0.679
+0.16 +0.25 +1.92 +1.93 +0.36 +0.21
01 | 1.00° 4.17% 62.33¢ 232.6% 4.33% 2.33¢
Indomethacin +0.25 +0.47 +5.97 +3.76 +0.55 +0.33
0mgke 1750 (4509 | 59.060 | 238.09 467 | 1.679
+0.22 +0.22 +3.62 +3.62 +0.42 +0.33

Figure 2: Effect of EEOS on Elevated-plus maze behaviour in LPS-treated rats on day 1
and day 21.
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Table 3: Effect of EEOS on various drug treatments on Social Interaction Tests in LPS-

treated rats on day 1 and day 21.

Groups Day Time of Duration of Duration of # of FP
Contact SIT PIT
01 | 5.979%+0.78 | 424.9%€"+24.27 | 25.379%e™ +2.83 | 4.33¢ +0.61
Control
21 | 6.029%" +0.55 | 420.29¢ +7.85 | 26.379% £1.60 | 4.50% +0.34
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01 2855 | 250.9%% 1275 | 92.05%% +4.05 | 9.33%+0.49
LPS +1.45
21 23.63% | 271.8°%% 24.03 | 92.05% £1.85 | 8.00°%+0.25
+1.18
01 2133 | 308.6"F +3.84 | 70.87°% 22.76 | 5.6797£0.55
EEOS 50
e 10.58
21 14.65% | 334.4°% 1270 | 70.15% 23.08 | 5.33% £0.42
10.86
01 11.75% | 37559 x4.00 | 39.35°% 2202 | 3.00% 0.63
EEOS 100 +0.68
mg/kg -
21 9,08 369.0% 12.72 | 41.72°% +1.48 | 2.33"£0.42
10.56
01 |8.78% 2031 | 4013% 229 | 2947% 2096 | 1.67°%x033
EEOS 200
mg/ke 21 | 8.10% 2023 | 383.6"¢ 257 | 29.42% 1129 | 1.17°%40.16
01 14.07% 362.0°" 18.05 | 53.38%€m51 97 | 3.17% +0.40
Indomethacin +0.52
10 mg/kg -
21 1097°% | 35620 1723 | 52.23%%m5] 86 | 1.83%%+0.30
+0.50

Figure 3: Effect of EEOS on Social Interaction tests in LPS-treated rats on day 1 and day
21.
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Effect of Ocimum sanctum on Time of Contact in Social Interaction Test
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Table 4: Effect of EEOS on various drug treatments on locomotor activity in LPS-treated
rats on day 1 & day 21.

Groups Locomotor activity Locomotor activity
(Day 1) (Day 21)
c 47.67%  +1.78 45174 +1.97
ontrol
agk ak
LPS 6.00%*  +0.57 19.17% %1.01
adm am
EEOS 50 mg/kg 20.67 +1.14 23.00*™ £0.81

adh
EEOS 100 mgkg | 2017 #1.04

30.50% +1.28

adgm
EEOS 200 mg/kg 36.174%" +1.24

34.50%% +1.17

Indomethacin 35.00%em 42 14
10 mg/kg

33.67%2 +1.76
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Figure 4: Effect of EEOS on Locomotor activity in LPS-treated rats on day 1 & day 21.
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Table 5: Effect of EEOS on various drug treatments on Radial Arm Maze activity in LPS-
treated rats on day 1

Groups Trials Errors Time Days
C 11.50+0.22 2.67%+0.21 183.369+ 4.68 5.179+ 0.30
ontrol
LPS 11.83 +0.40 6.172%+0.16 257.62°%+ 6.69 | 11.67*+0.33
C ad d ad
EEOS 50 mg/kg 12.66°+ 0.33 4.67*+0.33 200.38%+ 6.15 9.17*+ 0.30
EEOS 100 12.17 £ 0.30 4.179+0.16 200.279+6.32 8.17+0.30
mg/kg
EEOS 200 11.337+0.20 3.66°9 +0.21 180.66% + 5.50 8.174+0.47
mg/kg
Indomethacin | 11.33/+0.21 3.509+0.34 195.079+ 6.25 7.334dh 4 021
10 mg/kg

Table-6: Effect of EEOS on LPS-Body Weight
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Groups Ohr 2hr 4hr 6hr 8hr+
Control 141.3 141.6 143.3 143.8 143.6
+0.81 +0.78 +0.85y +0.79y + 0.94y
LPS 142.3 137.2 133.5 128.8 126.5
+1.64 +2.17 + 1.84b +0.92b +0.87b
EEOS 50 145.5 142.3 139.2 136.1 134.2
mg/kg +1.28a +1.57x +1.27y + 1.18by + 1.07by
EEOS 100 | 137.4 134.7 131.2 127.7 126.1
mg/kg + 0.54ay +0.51b +0.28b +0.36b +0.51b
EEOS 200 | 145.6 143.1 140.1 1354 132.9
mg/kg +(0.64a +0.94y +1.02y + 0.69by + 0.99by
Indomethacin | 147.7 145.3 143.8 142.1 140.9
10mg/kg | +0.30by +0.68y +0.72y +(0.88y +0.38y

4. Summary and Conclusion

The study investigated the endotoxemia-induced neuroprotective and behavioural effects of
chronic treatment with ethanol extract of O.sanctum (EEOS) Linn. (Holy Basil) in female
rats subjected to lipopolysaccharide (LPS)-induced sickness behaviour, compared across
behavioural assays and biochemical parameters:

(1) Open-field exploratory behaviour: LPS group showed marked behavioural suppression (|
ambulation, | rearing, 1 immobility) on both days, indicating sickness-like behaviour (Table
1 & Fig. 1). Treatment with EEOS at all doses significantly improved exploratory activity in
a dose-dependent manner, with EEOS 200 mg/kg showing near-normalisation, comparable to
indomethain (standard drug 10 mg/kg).

(2) Elevated-plus maze behaviour: LPS rats had fewer open arm entries and less time spent in
open arms, consistent with increased anxiety-like behaviour (Table 2 & Fig. 2). EEOS
treatment improved entries and time in open arms, particularly with EEOS 100 and 200,
indicating anxiolytic effects. Rearing behaviour and faecal pellet count (FP), indicators of
emotional reactivity, were normalised with higher EEOS doses.

(3) Social interaction test behavior: LPS significantly disrupted social behaviour (1 time of
contact, | SIT duration, 1 PIT), suggesting social withdrawal and fatigue (Table 3 & Fig. 3).
EEOS, especially at 100 and 200 mg/kg, significantly restored social behaviours toward

normal values, indicating anti-sickness and pro-social effects.
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(4) Ambulatory behavior: LPS induced a dramatic reduction in spontaneous locomotor
activity (Table 4 & Fig. 4). EEOS treatment improved locomotion in a dose-dependent
fashion, again with EEOS 200 mg/kg showing the best effect, similar to indomethacin.

(5) Radia-arm maze behavior: LPS rats showed increased errors, longer time, and delayed
learning, indicating memory impairment (Table 5). EEOS treatment significantly reduced
errors and task completion time, particularly at 200 mg/kg, suggesting cognitive
improvement.

(6) Body weight: The LPS group experienced significant and progressive body weight loss,
consistent with systemic illness (Table 6). EEOS 200 mg/kg and indomethacin groups
prevented significant weight loss, suggesting systemic protection and reduced inflammatory
burden.

Though further research may establish the exact role of various biochemical apparatus in
attenuating the endotoxemic effects of LPS, it may be concluded, that chronic administration
of EEOS (Holy Basil) extract significantly attenuated LPS-induced behavioural impairments,
including reduced locomotion and exploration, increased anxiety and social withdrawal,
memory deficits and cognitive dysfunction, systemic sickness behaviours including weight
loss. Among the doses tested, 200 mg/kg of EEOS showed the most profound protective
effects, often comparable to the standard anti-inflammatory drug, indomethacin. These
findings support the anti-inflammatory, anxiolytic, cognitive-enhancing, and pro-social
effects of O.sanctum, making it a potential therapeutic agent against sickness behaviour

induced by inflammatory stimuli.
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