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Abstract

The assessment of neuropharmacological potential has always been challenging due to the variance
found with different subjects, in different time intervals. Therefore, the present study was aimed to introduce
a new approach by integrating behavioral fields together which allowed to utilize the same rodent for
different experiments at the same time to minimize the variances. Experiments through Open Field, Hole
Cross and Elevated Plus Maze fields were designed in such a way that same subject can experience all fields
subsequently at the consecutive time intervals. Lychee honey at doses 2g/kg, 4g/kg and 6g/kg body weight
was orally administered to Swiss Albino mice and their sedative and anxiolytic potential was evaluated
against diazepam (1mg/Kg). At all doses the honey found to be highly effective as significantly reduced the
locomotor and other exploratory activities. The data implied that the honey may act through the GABAA
receptors and can prove as a potential source for neuro drug research.
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1. Introduction

Lychee (Litchi chinensis) flower appears to be
small, greenish white to light yellow color, occurs
once in a year during late winter to early spring in
Bangladesh. During the span bees collect nectar

from the flower and turn into honey. Studies
demonstrated that polyphenol, flavonoid and
condensed tannin exist in the flower [1-3]. These
compounds contribute to antioxidant, anti-
carcinogenic, anti-inflammatory and cardio-
protective effects, and to prevent degenerative
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diseases [2,4-6]. The flower also contains gentistic
acid and epicatechine which contributes to its
antioxidant activity [7]. Reports suggest that honey
derived from Lychee flower is one of the abundant
sources of vitamins and minerals which boost the
immune system [8]. It also has inhibitory effect on
lipase activity and obesity [9]. Moreover, literatures
confirmed its efficacy over hepatotoxicity and
cadmium- and lead-induced cytotoxicity, due to the
presence of proanthocyanidine [10,11]. Lychee honey
is considered as a useful source that provides anti-
free radicals, anti-tyrosinase and anti-bacterial
activity against pathogenic bacteria causing skin
diseases [12]. The moisture content found in litchi
honey is usually lower than that of the other honeys.
It is light amber in color and has a pleasant aroma.
Studies have demonstrated the nutritional as well as
medicinal values in many pharmacological fields,
but very few investigated its neuropharmacological
potential. The present study therefore focused on
the sedative and anxiolytic potential of the honey in
comparison with standard drugs.

To assess the neuropharmacological actions,
numerous methods have been prescribed and
adopted by neuroscientists but most of which
described limitations for not having appropriate
experimental subjects. As the behavior of rodent is
highly variable depending on time and individuality
of the subject, the major drawbacks in these studies
reported as the inability to use the same subject for
all subsequent tests, or, on the other hand the vast
variability in behavior found using the same subject
in different times. To minimize the uneven
extrapolation of data caused by these limitations, a
novel approach was taken by integrating
experimental fields together.

2. Materials and Methods

2.1 Drugs and Chemicals
Diazepam was obtained from Square

Pharmaceuticals Ltd. Lychee honey (1 kg) was
collected from a cultivated hive in the lychee garden
of Dinajpur district (25.63 ° N 88.65 ° E) of
Bangladesh in the month of April 2018.

2.2 Preparation of the Test Samples
Collected viscous Lychee honey (LCH) were

kept in airtight glass jar at room temperature (25˚C)

and passed through a sieve (0.5 mm mesh) to
remove non soluble particles (bee particles, wax,
pollen, egg) and other coarse material.

2.3 Physical Properties of Test Samples

2.3.1 Determination of Moisture Content and
Total Soluble Solids

Moisture content can be deduced from
refractive index of honey [13]. A portable honey
refractometer (Biobase BK-PRN3, China) with
58 – 92% Brix range, thermoregulated at 20˚C and
calibrate with distilled water, was used for
measuring the refractive index of honey. Total
Soluble Solids were deduced from its Brix value
and temperature correction was applied according to
ISO 2173:2003 [14].

2.3.2 Determination of pH
The pH of the sample was measured using a

pH meter (Biobase pH-10S, China), calibrated at
pH 4.01 and 7.00. Honey sample was prepared as
10% (w/v) solution in distilled water and reading
was taken in triplicate [13].

2.3.3 Determination of Optical density (OD)
Optical density was determined from a 10%

(w/v) honey solution in distilled water by using a
UV-VIS Spectrophotometer (Biobase BK-UV1800,
China). Absorbance was taken at 530 nm using
distilled water as blank. The method was performed
as described by Wakhle in 1997 [15]. Absorbance
values obtain was compared with standard set by
United State Department of Agriculture (1985) [16].

2.3.4 Determination of Honey Density
1 ml honey was drawn with a syringe, both

empty and filled weight was measured using an
Automatic Electronic Analytical Balance (Biobase
BA2004N, China). Mass of the honey was
determined from the difference of these two weights.
Finally, Density was calculated as described by
Kinoo et al. in 2012 [17] using the below formula.

2.4 Acute Toxicity Test
Before execution of the in-vivo experimental

methods, acute toxicity was observed. Lychee
Honey was orally administered to 20 experimental
animals at the dose of 5g, 7.5g, 10g & 15g per kg of
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body weight. Rodents were then observed for next
72 hours for any number of deaths or any unusual
symptoms or behavior.

2.5 Experimental Animal
Female Albino mice, 45 days of age having

27-32 g body weight, were selected for the
evaluation. Rodents were accustomed with a 12 h
light/dark cycle, ambient temperature, air
ventilation and ad libitum food and water at animal
house of Institute for Pharmaceutical Skill
Development and Research. Total six groups were
formed which consisted five mice in each and orally
challenged with respective agents.

Group 1: Blank (No gavage), Group 2: Control
(Distilled Water), Group 3: Diazepam (1mg/kg),
Group 4: LCH-2 (2g/kg body weight, equivalent to
25% w/v in 0.15ml distilled water), Group 5: LCH-
4 (4g/kg body weight, equivalent to 50% w/v in
0.15ml distilled water), Group 6: LCH-6 (6g/kg
body weight, equivalent to 75% w/v in 0.15ml
distilled water).

2.6 Experimental Design
A novelty induced environmental challenge

was designed by combining three apparatus in a
continuous series [18]. After oral gavage, mice were
placed in Open Field, Hole Cross and Elevated Plus
Maze (EPM) sequentially in a row and allowed to
explore each for three minutes. For first interval,
mice experienced 0-3rd min at open field, 4-6th min
at hole cross (however for simplifying, the time
denoted as 0 min for hole cross) and 7-9th min at
EPM (the time denoted as 0 min for EPM). For each
rodent, the cascade was repeated in 30, 60, 90 and
120 minute intervals accordingly.

2.6.1 Open Field Test
Mice were placed in an open cubic box

measuring a dimension of 60x60x60 cm having a
tiled (5x5 cm) floor alternatively colored black and
white. This method was performed as described by

Billah et al. (2016) [19] to asses sedative-anxiolytic
activities by observing parameters such as Number
of Square crossed, Grooming and Rearing.

2.6.2 Hole Cross Test
In this experiment mice were freely allowed to

cross a 3 cm hole made on a partition at 7 cm floor
height which divided a 30x20x14 cm box into two
equal compartments. Number of holes crossed was
counted during the observation as parameter of
exploratory behavior. This method was performed
as described by Nawrin et al. (2015) [20].

2.6.3 Elevated Plus Maze Test
In Elevated Plus Maze (EPM) apparatus, mice

were allowed to move in any direction of a Plus
shaped mirror-designed two open arms intersecting
with two closed arms. Each arm had a length of 14
cm, width of 5 cm and the close arm had wall height
of 14 cm. Open and close arm entry and duration
were observed as parameter indicating anxiolytic
potentials as described by Hawiset et al., (2011) [21].

2.7 Statistical Analysis
Statistical analysis of data was done by

utilizing the method of one-way analysis of
variance (ANOVA) followed by Dunnett’s t tests
using SPSS 24 for windows. The results obtained
were compared with the control group. P values <
0.05, 0.01 and 0.001 were considered statistically
significant.

3. Results

3.1 Physicochemical properties of Honey Sample
Table 1 showed the physicochemical

properties of lychee honey. The moisture content
found 16.1 g/100g which was superior to that of
minimum international standard i.e. 21 g/100g as
mentioned in USDA. An optical density of 0.40
indicated an extra light amber color and the honey
found to be neutral in its pH.
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Table 1: Physicochemical Properties of Lychee Honey

Parameters Observations *

Moisture Content (g/100g honey) 16.1 ± 0.04

Total Soluble Solids (% Brix) 82.5 ± 0.07

Density (w/v) 1.6937 ± 0.01

Optical Density (at 530nm) 0.40 ± 0.01

pH (1-14) 7.1

*All methods performed in triplicate.

3.2 Acute Toxicity Test
With the administered doses, no unusual

symptoms or behavior or death was observed within

3.3 Open Field Test

72 hours which suggestively allowed to design safe
doses for further in-vivo tests.

Figure 1: Number of Square crossed by the mice in different time intervals
Values are mean ± S.E.M., (n = 5); * P < 0.05, ** P < 0.01, *** P < 0.001; Dunnett t-test (2 sided) treated one group
as control (water) and compared all other groups against it.

Figure 1 showed that Diazepam decreased the
number of square crossed by the mice as immediate
response (0 min) and in higher doses (4g/kg and
6g/kg),lychee honey significantly reduced the

number compared to control. The trend was
consistent even in late phases (90 and 120 min)
where LCH in all doses found to be more effective
than the standard.
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Figure 2: Number of vertical movement (rearing) done by the mice in different time intervals
Values are mean ± S.E.M., (n = 5); * P < 0.05, ** P < 0.01, Dunnett t-test (2 sided) treated one group as control (water)
and compared all other groups against it.

Rearing was found to be decreased both by the
test samples and the standard from the initial stages
after administration and this pattern was evident till

the late phases. LCH-6 reduced the activity
significantly in all intervals compared to Diazepam
(Figure 2).

Figure 3: Grooming by the mice in different time intervals
Values are mean ± S.E.M., (n = 5); Dunnett t-test (2 sided) treated one group as control (water) and compared all other
groups against it.

LCH-4 significantly increased (32.40) the
grooming response in mice compared to Diazepam
(23.60) immediately after oral gavage (Figure 3).
Diazepam found to increase the activity at 90 min

and 120 min whereas LCH in all doses found to
reduce the activity in 60 min and 90 min however
increased it at 120 min.
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3.4 Hole Cross Test

Figure 4: Number of hole crossed by the mice in different time intervals
Values are mean ± S.E.M., (n = 5); * P < 0.05, ** P < 0.01, Dunnett t-test (2 sided) treated one group as control (water)
and compared all other groups against it.

Diazepam and LCH at all doses gradually
reduced the number hole crossed by the mice
(Figure 4). Both LCH-4 and LCH-6 in all stages

found to significantly decrease the number
compared to Diazepam.

3.5 Elevated Plus Maze Test

Figure 5: Percentage of open arm entry by the mice in different time intervals
Values are mean ± S.E.M., (n = 5); Dunnett t-test (2 sided) treated one group as control (water) and compared all other
groups against it.
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Figure 5 showed that the percentage entry in
open arm against the entry in total arm was most
increased by the LCH-4 (51.90%) and LCH-6 (40%)

in second interval (30 min) compared to control
(37.17%). Similar trend was also observed in 90
min and 120 min.

Figure 6: Percentage of duration spent in open arm by the mice in different time intervals
Values are mean ± S.E.M., (n = 5); * P < 0.05, Dunnett t-test (2 sided) treated one group as control (water) and
compared all other groups against it.

Time spent in percentage at open arm
compared to the total arm was observed in 30, 60
and 90 min by the honey in all doses (Figure 6).
maximum rise was observed at 30 min by LCH-4
(36.67%). However, diazepam failed to increase the
duration at any intervals.

4. Discussion

Open Field, Hole Cross and EPM are widely
acceptable experimental methods to evaluate
sedative-anxiolytic potential. The theories behind
introducing these fields were to challenge the
rodents to a novel environment. However the
behavioral changes caused by these environments
often got influenced by rodent’s identical
neurologic conditions. The major challenges
reported were variations due to first administration
against repeated administration, utilizing same
rodent for another experiment but in different time
or using different rodent for different experiments.
Keeping the drawbacks in consideration, the present
study undertook a newly modified approach to
integrate the experimental fields so that to utilize
the same rodents with single oral administration for
exposing to different fields which had allowed to

nullify the risk of individual and time dependent
variance. The current study design too potentiated a
mild risk for inducing over stress to the rodents due
to multiple handling and diversity of environmental
exposure, however, all subjects experienced the
harmony. Moreover, incorporation of a Blank group
(no treatment) served as the control for such
associated risks.

Benzodiazepines act as positive allosteric
modulators of the GABAA (γ -aminobutyric acid
type A) receptor complex by binding to alpha-
gamma subunit interface which increases neuronal
chloride-ion influx, resulting in hyperpolarization of
postsynaptic membranes [22]. These potentiations of
GABAA receptor at α2/α3 subunit isoforms in
limbic system, thalamus, hypothalamus and cerebral
cortex produce calming effects which is responsible
for facilitating the anxiolysis process [23]. Diazepam
showed similar effects by reducing locomotion and
other exploratory behaviors. From the data it can be
suggested that diazepam worked in two phases. In
sedation phase, immediately after administration it
started to reduce and drastically decreased the
locmotor activities upto 60 minutes. In second
phase, it started to facilitate with limited activities
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(square crossing and grooming) indicating the
process of anxiolysis. Lychee honey at dose 4g/kg
body weight significantly reduced the behavioral
response immediately after oral administration
followed by a sharp increase in 30 minutes which
found to be decreased gradually in next all intervals.
Honey at 2g/kg and 6g/kg dose followed the same
pattern with exception to that of sharp increase at
second interval.

The decrease in ambulatory activities such as
in case of square or line crossed in open field
indicates the sedative potential, the degree of which
attributes to the counts at different intervals. Lychee
honey at 6g/kg dose found to be more effective
compared to diazepam which suggests the calming
effect potentially by GABAergic interaction.
Grooming is negatively related to index of high
activity states [24] and is an important element for
interpretation of decision-making behavior [25]. It
also indicates the consummatory and washing
activities when subjected to feeding as showed
initially by LCH-4 [26]. Apart from reducing the
locomotor activities, Diazepam and LCH was able
to produce the decision-making behavior which
implies the process of anxiolysis at late phases by a
possible interaction with α2/α3 subunit of GABAA
receptors. Combined with ambulation rearing is
described as nonspecific excitability level of rodents
upon different exposure [27]. This has been reported
to be correlated with hippocampal slow wave
activity [28]. Diazepam and LCH-6 might have
modulated their sedative function by interfering
with α1 subunit of GABAA receptors adjacent to
theγ subunit [29].

Data from Hole cross test also suggested that
the α1GABAA receptor subtype might be critically
involved in the sedative potential of Diazepam [29]

and LCH in higher doses as both minimizing the
exploratory activity represented in terms of number
of hole crossed.

Anxiety is characterized by stress and fear [30].
Presence of the rodent in open arm is considered the
sign for mitigation of fear [31]. GABAA receptors
containing an α2 subunit in limbic system, thalamus,
hypothalamus and cerebral cortex position thought
to be involved in alleviation of this fear to produce
anxiolytic effect [23].

5. Conclusion

The present study design proved to be an
effective approach for investigation of sedative-
anxiolytic potential of drugs or agents. However,
further research is needed for a constructive
validation and to explain the interpretation of
behavior. From the study it can be concluded that,
at higher doses Lychee Honey possess great
sedative-anxiolytic potential which need to be
substantiated with in depth analysis for the
involvement of neurotransmitters and their
associated receptors.
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