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Honey, caffeine effects on rearing behavior [ethanol: [F (3,19) = 13.724; p = 0.0001); morphine: [ F (3,19) =
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caffeine, morphine and increased scopolamine-induced behavior [morphine: F (3,19) = 12.895; p = 0.0002)
TG, and scopolamine: [ F (3,19)=9.465; p=0.0008)]. Honey produced a significant effect on ethanol and
morphine with spatial working memory in mice [ethanol: [ F (3,19)=5.236; p=0.010) and morphine: [
scopolamine, F (3,19)=10.080; p = 0.0006)]. In elevated plus maze test, honey significantly increased the transfer

latency of ethanol: [ F (3,19) = 0.08805; p = 9656); morphine: [F (3,19) = 1.610; p = 0.2265;
scopolamine: [ F (3,19)=0.1695; p=0.9154) and (Caffeine: [ F (3,19)=0.1736; p=0.9127]) on spatial
working memory impairment in mice.

novelty-induced behaviour.

O A Conclusion: In conclusion, honey has significant inhibitory effects on ethanol, morphine,
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scopolamine and caffeine pharmacological effects on the CNS.

INTRODUCTION agent’ and a vehicle for transporting medicinal properties of

Honey is a natural substance produced by honey bees of
genus Apis, order Hymenoptera, family Apidae and
subfamily Apinae known to be useful to humans since
ancient times'”. Honey has been reportedly used in the
treatment of various diseases such as; salve for sore eye",
wounds and diseases of the intestine™ as a preservative
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plants’. Honey has been found to possess antibacterial

activities”®, antioxidant property”"

anti-inflammatory
activity', wound healing property’, antimutagenic and
antitumor activity’. Honey is a mixture of sugars and other
compounds. It consists of carbohydrate, protein, glucose,

fructose, sucrose, dextrin, formic acid volatile acid and
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pollen grains, wax, thiamine, riboflavin, niacin, all the
minerals, enzymes, maltose, melezitose, pentosans, gums

and colouring matter'"

. It also consists of organic
compounds (acetic, butanoic, formic, choline, citric,
succinic, lactic, malic, pyroglutamic, gluconic acids) which
may serve as precursors of neurotransmitters that are
essential for brain functions"”. The activity of the nervous
system is mediated by many kinds of inter neurons
releasing one or another neurotransmitter such as:
noradrenaline, gamma aminobutyric acid (GABA),
dopamine, glutamate (Glu), acetylcholine (ACh),
serotonin'“'"*. Several chemicals (ethanol, caffeine,
morphine, scopolamine etc) when exposed to the central
nervous system are capable of producing a myriad of effects
on the activities and functions of these neurotransmitters
via activating them. Honey is used as a sweetener in
beverages containing caffeine and also in the production of
alcoholic drinks. It has been suggested that pre-treatment
with Tualang honey has protective effects against hypoxia-
induced memory deficits in male rats'’. Hence, this study
was designed to investigate the ameliorating effects of
honey on scopolamine, morphine, caffeine and ethanol-
induced novelty induced behavior (NIB) and memory
impairment in male mice.

MATERIALS AND METHODS

Chemical Reagents

Normal Saline, Absolute ethanol (20%v/v) [1.0 g/kg],
freshly prepared caffeine (E Merck, Darmstadt, Germany)-
40 mg/kg, Morphine (10 mg/kg), scopolamine
hydrobromide (1 mg/kg) (Sigma, St. Louis, MO, USA)
(weighed caffeine dissolved in measured volume of normal
saline based on a particular dose).

Animals

The animals used were young male Swiss albino mice
purchased from and housed in the Animal house of the
Department of Pharmacology, Faculty of Pharmacy,
Obafemi Awolowo University, Ile-Ife, Nigeria. The
animals weighed between 21.5 + 0.2 g. Animals were
housed in groups of ten in plastic cages, maintained under
standard dark-light cycle (lights on between 7.00am and
6.00 pm) and at room temperature (25°C). Food and water
were available ad /ibitum and the houses cleaned regularly.
All rules applying to animal safety and care were observed.
All behavioral tasks were conducted between 10:00 h and
16:00 h. Animal treatment and maintenance were carried
out in accordance with the Principles of Laboratory Animal
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Care"” and with the Animal Care and Use Guidelines of
Obafemi Awolowo University, [le-Ife, Nigeria.

Drug Administration and Experimental Procedures
Honey sample obtained from Idanre was prepared using
normal saline as the vehicle to obtain thea dose of 10 % v/v.
The freshly prepared honey was always administered to
different groups of mice orally at a maximum volume of 10
pl/g body weight and normal saline was administered to the
control group, ethanol (20 %v/v), caffeine, morphine and
scopolamine were dissolved in 0.9% saline and were
administered at maximum volume of 10 pl/g body weight at
the doses used. Honey (10 % v/v, p.o) was given 45 min
before each test and memory impairment was induced in
mice with scopolamine (1 mg/kg, i.p.) or morphine (10
mg/kg, i.p) caffeine (40 mg/kg, i.p.) and ethanol (1.0 g/kg,
i.p.) 45 min after each treatment with honey. Groups of
animals were tested 1 hour after administration (10 ul/g
body weight) of vehicle (Saline), honey sample (10 % v/v,
p.0), scopolamine (1.0 mg/kg, i.p.), ethanol (1.0 g/kg, i.p.);
caffeine (40 mg/kg, i.p.) or morphine (10 mg/kg, i.p.) in the
open field (Novelty-induced behaviours-20 min), Y-maze
(for spontaneous alternation- 6 min) and elevated plus maze
(latency to closed arm entry) in a sequential order
behaviorally. These animals were retested again for
latency to closed arm entry in elevated plus maze 24 h later
(as stated under elevated plus maze model for nootropic
effect) as described by Akanmu ez al."”

EXPERIMENTALMODELS

Novelty-induced behavior (Locomotion, Rearing and
Grooming)

Fifty male albino mice were divided into ten groups
(n=5per group) based on honey sample, vehicle (normal
saline), ethanol (20 %v/v), caffeine, morphine and
scopolamine, ethanol (20 %v/v) and honey, caffeine and
honey, morphine and honey and scopolamine and honey.
The spontaneous open field effect was measured in arena of
a rectangular structure that is composed of a hard board
floor measuring (36x36x26 cm) and made of white painted
wood. The floor is divided by permanent red markings into
16 equal squares at the bottom. Generally spontaneous
motor activity was monitored for 20 minutes. After
treatment, each mouse was introduced into the field and the
total locomotion (number of floor units entered with all
paws), rearing frequency (number of times the animal stood
on its hind legs or with its fore arms against the walls of the
observation cage or free in the air) and frequency of
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grooming (number of body cleaning with paws, picking of
the body and pubis with mouth and face washing actions)
within each 10 minutes interval were recorded as described
by Gomes et al.". The arena was cleaned with 5% alcohol to
eliminate olfactory bias and the arena allowed to dry before
introducing a fresh animal.

NOOTROPIC EFFECTS

For the evaluation of nootropic effect, the groups of male
albino mice were subjected to Y-maze and elevated plus-
maze models 1 hour after treatment with honey (alone) or
with prior administration of drugs used to induce memory
impairments.

Y-Maze Model (Spatial Working Memory)

Fifty male albino mice were divided into ten groups
(n=5per group) based on honey sample, vehicle (normal
saline), ethanol (20 %v/v), caffeine, morphine and
scopolamine, ethanol (20 %v/v) and honey, caffeine and
honey, morphine and honey and scopolamine and honey.
Spontaneous alternation is a measure of spatial working
memory and Y-maze has been used as a measure of
spontaneous alternation, short-term memory, general
locomotor activity and stereotypic behavior™”. Y-maze
model was used to assess the ameliorating effects of honey
with ethanol, caffeine, morphine and scopolamine on
spatial working memory. The Y-maze consists of three
equally spaced arms (120° apart; 41 cm long x 15 cm high x
5 cm wide). In this test, each mouse was placed in one arm
of the compartments 1 hour after administration of honey
and 45 minutes after the drugs administration and allowed
to move freely for 6 min. The following parameters defined
were used to determine the percentage alternation as
described by Krebs-Kraft et al.”' and Nasri et al.”

(i) Anarm entry was defined as the body of the mouse
(except for its tail) completely entering into
an arm compartment.

(i1) Alternation was defined as entering three different
arms consecutively

(ii1) The maximum spontaneous alternation is the total
number of arms entered minus two (2)

The spontaneous alternation percentage (SA %) is defined
as aratio of the arm choices that differed from previous two
choices (successful choices) to total choices during the run

18,19,22

(total entry minus two)

Elevated plus maze (EPM) test
Fifty male albino mice were divided into ten groups
(n=5per group) based on honey sample, vehicle (normal
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saline), ethanol (20 %v/v), caffeine, morphine and
scopolamine, ethanol (20 %v/v) and honey, caffeine and
honey, morphine and honey and scopolamine and honey.
The elevated plus maze is a behavioral model used in
evaluating learning and memory™. The apparatus consists
of two open arms and two covered arms (16 cm x 12 cm x 5
cm) extended from a central platform (5 cm x 5 cm)
elevated to height of 25 cm from the floor. On the first day of
the experiment after honey and drug administration, each
mouse was placed at the end of an open arm, facing away
from the central platform as described by Joshi and
Megeri*. The transfer latency (TL), defined as the time
taken by the mouse to move from her original position with
its four legs to one of the covered arms, was recorded on the
second day. When the animal did not enter into one of the
covered arms within 90 s, it was gently pushed into one of
the two covered arms and the TL was recorded as 90 s *.
After each session, each mouse was allowed to explore the
maze for 10 s and returned to its cage. Memory retention

was examined after 24 h™**.

Statistics Analysis

Data obtained were expressed as mean + standard error of
mean (SEM), subjected to statistical analyses using
computer software GraphPad® InStat version 5.01°" and
p<0.05 was taken as accepted level of significant different
from control. To compare the differences between the first
and the second transfer latencies in groups in the Elevated
plus maze test, Wilcoxon t-test was used. All other
behavioral data was analyzed by One way analysis of
variance (ANOVA) and post hoc tests (Student's Newman-
Keuls) were carried out to determine the source of a
significant main effect or interaction.

RESULTS

Open Field Test (Novelty-induced behavior)
Locomotion

Effects of ethanol (EtOH:1.0 g/kg, i.p.), morphine
(MPH:10 mg/kg, i.p.), scopolamine (SCM:1 mg/kg, i.p.) or
caffeine (CAF:40 mg/kg, i.p.) administered 45 min after
each treatment with honey (HNY:10 % v/v, p.o.) or saline
(SAL) on locomotor activity in the open field test in mice
are presented in figures la-d respectively. Honey had no
significant effects on ethanol and caffeine-induced
locomotor activity {[ethanol: [F (3,19)=2.214;p=0.1261)
and caffeine: [ F (3,19) = 2.545; p = 0.0926)]}. However,
honey alone decreased the locomotor activity in mice and
significantly reduced effects of morphine and scopolamine-

Page| 341



induced locomotor activity {[morphine: [F (3,19)=11.736;
p = 0.0003)] and scopolamine: [ F (3,19) = 29.673; p =
0.0001)]} when compared with the control.

Rearing

Effects of ethanol (EtOH:1.0 g/kg, i.p.), morphine
(MPH:10 mg/kg, i.p.), scopolamine (SCM:1 mg/kg, i.p.) or
caffeine (CAF:40 mg/kg, i.p.) administered 45 min after
each treatment with honey (HNY:0.1ml/g p.o.) or saline
(SAL) on rearing activity in the open field test in mice are
presented in figures 2a-d, respectively. Honey significantly
reduced the effect of ethanol, slightly reduced the effect of
scopolamine but increased the effect of caffeine on rearing
induced behavior in mice when compared with the control.
However, honey did not show any effect on morphine
induced rearing behavior {ethanol: [F (3,19) = 13.724;p =
0.0001); morphine: [ F (3,19) = 18.167; p = 0.0001);
scopolamine: [ F (3,19) = 5.523; p =0.008 and caffeine: [F
(3,19)=3.506;p=0.039)]}.

Grooming

Effects of ethanol (EtOH:1.0 g/kg, i.p.), morphine
(MPH:10 mg/kg, i.p.), scopolamine (SCM:1 mg/kg, i.p.) or
caffeine (CAF:40 mg/kg, i.p.) administered 45 min after
each treatment with honey [HNY:10 % v/v, p.o.] or saline
(SAL) on grooming behavior in mice are presented in
figures 3a-d, respectively. Honey had no significant effects
on ethanol and caffeine-induced grooming behavior in mice
[ethanol: [ F (3,19) = 0.890; p = 0.4637) and caffeine: [ F
(3,19) = 2.091; p = 0.1417)]; however, it significantly
increased the effect on scopolamine-induced grooming
behavior but significantly reduced the effect on morphine
induced grooming behavior in male mice when compared
with control group [scopolamine: [ F (3,19) = 9.465; p =
0.0008) and morphine: [ F (3,19)=12.895; p=0.0002)].

LEARNING AND MEMORY

Spontaneous alternation testing (Y-maze)

Effects of ethanol (EtOH:1.0 g/kg, i.p.), morphine
(MPH:10 mg/kg, i.p.) scopolamine (SCM:1 mg/kg, i.p.) or
caffeine (CAF:40 mg/kg, i.p.) administered 45 min after
each treatment with honey (HNY:10 % v/v, p.o.) or saline
(SAL) on spontaneous working memory (Y-maze) in mice
are presented in figures 4a-d, respectively. Honey has
significant effects with ethanol and morphine on spatial
working memory in mice [ethanol: [ F (3,19) = 5.236; p =
0.010) and morphine: [ F (3,19) = 10.080; p = 0.0006)]
when compared with the control. However, it has no effects
with scopolamine and caffeine on spatial working memory
in mice [scopolamine: [ F (3,19) = 2.780; p = 0.074) and
caffeine: [ F (3,19)=0.5060; p=0.6836)].

Elevated plus maze test

Effects of ethanol (EtOH:1.0 g/kg, i.p.), morphine
(MPH:10 mg/kg, i.p.), scopolamine (SCM:1 Omg/kg, i.p.)
or caffeine (CAF:40 mg/kg, i.p.) administered 45 min after
each dose of honey (HNY:10 % v/v, p.o.) or saline (SAL) in
the elevated plus maze are presented in figures Sa-d,
respectively. In this test, honey produced no significant
effects on TL1 {TL1[ethanol: [ F (3,19) = 1.711; p =
0.2048); morphine: [ F (3,19) = 0.8532; p = 0.4852;
scopolamine: [ F (3,19) = 1.447; p=0.2664) and caffeine: [
F (3,19) = 0.8275; p = 0.4979]} but significantly increased
the TL2 of ethanol, morphine and scopolamine (TL2:
ethanol: [ F (3,19) = 0.08805; p = 9656); morphine: [F
(3,19) = 1.610; p = 0.2265; scopolamine: [ F (3,19) =
0.1695; p = 0.9154) and increased the TL2 of caffeine
(Cafteine: [ F (3,19)=0.1736; p=0.9127]) in male mice.

250.0
£
5
o 2000 [
g
>
B l *
§ 150.0 I 1
S 1
3 I l
£ 100.0 1
o
Q
o
-
50.0
0.0
SAL HNY + SAL EtOHM+ SAL  HNY + EtOHM

Figure la: Effects of ethanol [(EtOH:1.0 g/kg, i.p.] administered 45 min after treatment with honey [HNY:10 % v/v, p.o] or
saline (SAL) on locomotor activity in the open field test in mice. n=5; values are presented as mean + SEM; *p<0.05 when
compared with SAL (control) group
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Figure 1b: Effects of morphine [MPH:10 mg/kg, i.p.] administered 45 min after treatment with honey [HNY:10 % v/v, p.o]
or saline (SAL) on locomotor activity in the open field test in mice. n=5; values are presented as mean = SEM; *p<0.05,
**%p<0.001 when compared with SAL (control) group; #p<0.05 when compared with HNY + SAL treated group.
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Figurelc: Effects of scopolamine [SCM:1 mg/kg, i.p] administered 45 min after treatment with honey [HNY:10 % v/v, p.o]
or saline (SAL) on locomotor activity in the open field test in mice. n=5; values are mean = SEM; *p<0.05, **p<0.01,
*#%p<0.001 when compared with SAL (control) group; #p<0.05 when compared with HNY + SAL treated group; 1p<0.05
when compared with SCM + SAL treated group; $p<0.05 when compared with SCM +HNY treated group.
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Figureld: Effects of caffeine [CAF:40 mg/kg, i.p] administered 45 min after treatment with honey [HNY:10 % v/v, p.o] or
saline (SAL) on locomotor activity in the open field test in mice, n=5; values are mean + SEM; *p<0.05 when compared with

SAL (control) group.
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Figure2a: Effects of ethanol [(EtOH:1.0 g/kg, i.p.] administered 45 min after treatment with honey [HNY:10 % v/v, p.o] or
saline (SAL) on rearing activity in the open field test in mice.n=5; values are mean = SEM; **p<0.01, ***p<0.001 when
compared with SAL (control) group; #p<0.05 when compared with HNY + SAL treated group; £p<0.05 when compared
with EtOH +HNY treated group.
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Figure 2b: Effects of morphine [MPH:10 mg/kg, i.p.] administered 45 min after treatment with honey [HNY:10 % v/v, p.o]
or saline (SAL) on rearing activity in the open field test in mice.n=5; values are mean + SEM; **p<0.01, ***p<0.001 when
compared with SAL (control) group; #p<0.05 when compared with HNY + SAL treated group; Tp<0.05 when compared
with MPH + SAL treated group.

160.0

140.0 I

120.0

—t

| —

100.0

—
—t—

Rearing/20 min

80.0 o J_

60.0 o Sk

40.0

—

20.0

0.0 T T T J
SAL HNY + SAL SCM+ SAL HNY + SCM

Figure 2c: Effects of scopolamine [ 1 mg/kg, i.p.] administered 45 min after treatment with honey [10 % v/v, p.o] or saline on

rearing activity in the open field test in mice n=5; values are mean + SEM; **p<0.01 when compared with (control) group;
#p<0.05 when compared with HNY + SAL treated group; §p<0.05 when compared with SCM + SAL treated group.
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Figure 2d: Effects of caffeine :40 mg/kg, i.p] administered 45 min after each treatment of honey [10 % v/v, p. o] or saline on
rearing activity in the open field test in mice, n=5; values are mean + SEM; *p<0.05 when compared with SAL (control)
group; #p<0.05 when compared with HNY + SAL treated group.
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Figure 3a: Effects of ethanol [1.0 g/kg, i.p.] administered 45 min after treatment with honey [10 % v/v, p.o] or saline on
grooming activity in the open field test in mice. n=5; values are mean+ SEM.
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Figure 3b: Effects of morphine [10 mg/kg, i.p.] administered 45 min after each treatment of [10 % v/v, p.o] or saline (SAL)
on grooming activity in the open field test in mice. n=5; mean = SEM; **p<0.01, ***p<0.001 when compared with SAL
(control) group; #p<0.05 when compared with HNY + SAL treated group; tp<0.05 when compared with MPH + SAL
treated group.
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Figure 3c: Effects of scopolamine [1 mg/kg, i.p.] administered 45 min after treatment with honey [10 % v/v, p. o] or saline
(SAL) on grooming activity in the open field test in mice. n=5; values are mean = SEM; *p<0.05, **p<0.01 when compared
with SAL (control) group; #p<0.05 when compared with HNY + SAL treated group; 1p<0.05 when compared with SCM +
SAL treated group.
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Figure3d: Effects of caffeine [40 mg/kg, i.p.] administered 45 min after treatment with honey [10 % v/v, p.o] or saline (SAL)
on grooming activity in the open field test in mice. n=5; values are presented as mean+ SEM.
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Fig.4a. Effects of ethanol [1.0 g/kg, i.p.] administered 45 min after treatment with honey [10 % v/v, p.o] or saline on
spontaneous spatial working memory in Y-maze test in mice. n=5; values are mean = SEM; *p<0.05 when compared with
SAL (control) group; #p<0.05 when compared with HNY + SAL treated group; $p<0.05 when compared with EtOH +HNY
treated group.
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Figure 4b: Effects of morphine [10 mg/kg, i.p.] administered 45 min after treatment with honey [10 % v/v, p.o] or saline on
spontaneous spatial working memory in Y-maze test in mice. n=5; mean = SEM; **p<0.01 when compared with SAL
(control) group; #p<0.05 when compared with HNY + SAL treated group; tp<0.05 when compared with MPH + SAL
treated group; $p<0.05 when compared with MPH +HNY treated group.
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Figure 4c: Effects of scopolamine [ 1 mg/kg, i.p.] administered 45 min after treatment with honey [10 % v/v, p.o] or saline on
spontaneous spatial working memory in Y-maze test in mice. n=>5; values are mean+ SEM.
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Figure 4d: Effects of caffeine [40 mg/kg, i.p] administered 45 min after treatment with honey [10 % v/v, p.o] or saline on
spontaneous spatial working memory in Y-maze test in mice. n=5; values are mean + SEM.
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Figure 5a: Effects of ethanol [(EtOH:1.0 g/kg, i.p.] administered 45 min after treatment with [HNY:10 % v/v, p.o] or saline
(SAL) on the transfer latency to the enclosed arm in the acquisition trial [Learning: TL1] and retention trial [memory:TL2]
using the Elevated Plus maze test in mice. Each mouse was tested after the administration of ethanol on the first day (TL1),
and 24 h later on the second day (TL2), n=5; values are mean = SEM; *p<0.05 when compared with corresponding TL1
group.
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Figure 5b: Effects of morphine [MPH:10 mg/kg, i.p.] administered 45 min after treatment with honey [HNY:10 % v/v, p.o]
or saline (SAL) on the transfer latency to the enclosed arm in the acquisition trial [Learning: TL1] and retention trial
[memory:TL2] using the Elevated Plus maze test in mice. Each mouse was tested after the administration of ethanol on the
first day (TL1), and 24 h on the second day (TL2), n=5; values are mean £ SEM; *p<0.05 when compared with
corresponding TL1 group.
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Figure 5c: Effects of scopolamine [SCM:1 mg/kg, i.p.] administered 45 min after treatment with honey [HNY:10 % v/v,
p-o] or saline (SAL) on the transfer latency to the enclosed arm in the acquisition trial [Learning: TL1] and retention trial
[memory:TL2] using the Elevated Plus maze test in mice. Each mouse was tested after the administration of ethanol on the
first day (TL1), and 24 h later on the second day (TL2), n=5; values are mean = SEM; *p<0.05 when compared with
corresponding TL1 group.
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Figure 5d: Effects of caffeine [CAF:40 mg/kg, i.p.] administered 45 min after treatment with honey [HNY:10 % v/v, p.o] or
saline (SAL) on the transfer latency to the enclosed arm in the acquisition trial [Learning: TL1] and retention trial

[memory:TL2] using the Elevated Plus maze test in mice. Each mouse was tested after the administration of ethanol on the
firstday (TL1), and 24 h on the second day (TL2), n=5; values are mean+ SEM.

DISCUSSION

The present work assessed the ameliorating effects of
honey on scopolamine, morphine, caffeine and ethanol-
induced novelty- induced behavior (NIB) and memory
impairment in male mice using open field test (NIB),
spontaneous alternation testing (Y-maze) and elevated plus
maze test (learning and memory test).

In this study, locomotor and rearing activities were
significantly affected by administration of honey in male
mice while the grooming was not different from the normal
saline (control). This is consistent with the previous study
conducted by Akanmu et al.”. Locomotor and rearing
activities are indicative of explorative activity in rodent
which is considered to be centrally excitatory”’.

Ethanol administered with honey increased the locomotor
activity when compared with honey alone and decreased
the rearing and grooming activities when compared with
either ethanol or honey alone. The results showed a
synergistic effect between honey and ethanol on NIB at the
dose of ethanol tested. Frye and Breese™ and Acevedo et
al.” reported that low dose of ethanol increases locomotor
activity while high dose reduces locomotor activity.
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Grooming is an expression of anxious behaviour,” decrease
in rearing and grooming in this study indicates CNS
depression”. Ethanol has been shown to increase the
frequency of GABA, receptor-mediated inhibitory
postsynaptic currents (IPSCs) that are action potential
dependent or independent in hippocampal CA1 pyramidal
neurons, the amygdale and spinal motor neuron’ ™. In the
central amydgala, inhibitory GABAergic transmission has
been suggested to play a role in the expression of
emotionality, including behavioral states of fear and
anxiety as well as in mediating the behavioral effects of
acute and chronic consumption of ethanol”. Locomotor
activity is believed to be a central excitatory activity. The
major excitatory neurotransmitter is glutamate whose
activities can be mediated through any of four sub-types of
excitatory amino acid receptors namely; N-methyl-D-
aspartate (NMDA) receptors, a-amino-f-hydroxy-
thydroxy-5-methyl-4-180-azopropionate (AMPA)
receptors, kainite receptors and metabotropic receptors™.
Other neurotransmitters believed to have central excitatory
activity via activation of the excitatory receptors include
the histaminergic system which has direct stimulatory
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effect on the NMDA receptors. Also, the central
adrenoceptors when stimulated will increase the excitatory
activity”. The reduction of locomotor activity of ethanol is
mediated by inhibitory action on the neurotransmitter

mentioned above™”

. However, administration of honey
along with ethanol increased the locomotor activity which
suggests that honey has significant effect on ethanol's effect.
Rearing activity is also a central excitatory activity
mediated via excitatory neurotransmitter in the brain. The
same receptors mediating locomotor activity could
therefore be involved in rearing activity. These include: the
glutamatergic, serotonergic, histaminergic, adrenergic and
Dopamine(D), receptors in the brain*. Co-administration
of honey and ethanol decreased rearing activity, suggesting
possible potentiation effect with honey. It has been reported
that D, and D, receptors are involved in induction of
grooming activity or it could be the stimulation of the D,
receptor which is involved in reduction of grooming
activity™”. Ethanol increased the grooming activity, thus
suggesting that ethanol has activity on dopaminergic
system in the brain. Co-administration of honey and ethanol
decreased grooming which indicates possible interactive
effect of honey on ethanol pharmacological effect on the
dopaminergic system.

Ethanol administered with honey decreased spontaneous
spatial working memory in Y-maze when compared with
normal saline, honey alone and ethanol alone. Ethanol
administered with honey decreased transfer latency to the
enclosed arm in the acquisition trial [learning: TL1] using
the elevated plus maze test in mice when compared with
normal saline, honey alone and ethanol but increased
transfer latency to the enclosed arm in the retention trial
[memory: TL2] when compared with learning TL1 in
elevated plus maze. Ethanol has been reported to impair
learning across a number of tasks in both rats and mice™""
This showed that honey could not reverse ethanol-induced
learning deficits after 24 hours of administration but
reversed the short-term effect on co-administration of
honey and ethanol. Therefore, more research needs to be
done on learning and memory with daily co-administration
ofhoney and ethanol.

Morphine is a p-opioid receptor agonist which is widely
distributed within the mammalian brain®”. Morphine
administered with honey significantly decreased the
locomotor, rearing and grooming activities in mice when
compared with honey alone, normal saline and morphine
alone. This is contrary to the previous study done by Bardo
et al.” that novelty-induced behavior in rats was unaffected
by acute administration of morphine. In the current study,
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co-administration of honey and morphine reduced novelty-
induced behavior in mice suggesting synergism between
honey with morphine. Morphine administered with honey
decreased spontaneous spatial working memory in Y-maze
test in mice and increased transfer latency to the enclosed
arm in the acquisition trial [learning: TL1] using the
elevated plus maze test in mice. It has been reported that
morphine induces deficits in learning and memory"
through increase in dopamine release in the ventral
tegmental area” and dopamine receptors are widely
dispersed within the mammalian brain with dose dependent
effects on learning and memory. Since honey co-
administration with morphine increased transfer latency in
Elevated plus maize, therefore honey can alleviate the
memory impairment of morphine suggesting it effects on
dopaminergic system.

From this study, scopolamine increased locomotor and
rearing activities butreduced grooming activity. This is
consistent with previous study conducted by Poorheidari ez
al.*’ and Rojas-Carvajal et al.”’. Cholinergic signaling in the
hippocampus, striatum and/or frontal cortex has been
reported to correlate positively with scopolamine-induced
hyperactivity” and central infusion of scopolamine in the
amygdale was found to increase locomotor activity™.
Generally, cholinergic muscarinic antagonist such as
scopolamine is found to increase locomotor activity™.
However, honey reduced the locomotor and rearing
activities induced by scopolamine but increased grooming
activity when compared with scopolamine alone. The
results showed that honey significantly inhibited
scopolamine induced excitatory effect in mice suggesting
its effects on the cholinergic system. Scopolamine
administered with honey decreased spontaneous spatial
working memory in mice when compared with normal
saline, either honey or scopolamine alone. Scopolamine
administered with honey increased transfer latency to the
enclosed arm in the acquisition trial [learning: TL1] using
the elevated plus maze test in mice when compared with
scopolamine alone but a decrease was observed when
compared with normal saline and honey alone.
Scopolamine administered with honey increased transfer
latency to the enclosed arm in the acquisition trial [memory:
TL2] using the elevated plus maze test in mice when
compared with normal saline, honey alone and
scopolamine alone. It has been reported that scopolamine
consistently increased general non-cognitive performance
measures, such as response latency and the number of
missed trials and is effective in impairing
acquisition/learning and short-term and working memory”’.
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The results showed that a single dose of honey could not
revert the effect of scopolamine on memory impairment
despite its involvement in the cholinergic system in
elevated plus maze.

From the study, caffeine administered with honey increased
the locomotor and rearing activities while caffeine
administered with honey decreased the grooming activity
when compared with normal saline, honey alone and
caffeine alone. The altered locomotor activity of rats treated
with caffeine has already been shown to be environmentally
determined: the drug elicits stimulatory effects in a familiar
environment and suppressive effects in a novel
environment™. This study collaborated the work done by
Marin et al.” that caffeine induced locomotor stimulation at
doses between 30 and 60 mg/kg in adolescent rat. Caffeine's
effects on locomotor activity were found to be via blockade
of adenosine A, and A,, receptors™. This means that honey
can ameliorate the effect of caffeine on adenosine receptors
suggesting its involvement in antagonizing caffeine at
adenosine A, and A,, receptors. Caffeine administered with
honey decreased spontaneous spatial working memory in
Y-maze test in mice when compared with honey alone and
caffeine alone. However, an increase was seen when
compared with normal saline. Caffeine administered with
honey increased transfer latency to the enclosed arm in the
acquisition trial [learning: TL1] using the elevated plus
maze test in mice when compared with normal saline,
honey alone and caffeine alone. Caffeine administered with
honey decreased transfer latency to the enclosed arm in the
acquisition trial [memory: TL2] using the elevated plus
maze test in mice when compared with normal saline,
honey alone and the same effect was observed when
compared with caffeine alone. The results indicate that a
single dose of honey enhanced the activity of caffeine on
memory in elevated plus maze.

Conclusion
In conclusion, the result indicates that honey has central
activity and can significantly interfere with the
pharmacological effects of ethanol, morphine, scopolamine
and caffeine.
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