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LONG-TERM CONSUMPTION OF KOLA-NUT (COLA NITIDA)
DIET DECREASED ANXIETY RELATED BEHAVIOUR IN MICE.

ABSTRACT

Following long-term consumption of kola nut (cola nitida) diet, anxiety
related behaviour were studied in 16 Swiss white mice (18-28g body
weight). The open field (OF) test, elevated plus maze EPM) and the
light/light transition box (LD) tests were used. Swiss white mice were
fed either control diet (rodent chow; n=8) or kolanut diet (50% w/w
kola-nut diet; n=8) for 28 days. All animals were allowed free access to
clean drinking water. Results showed that the frequency of rearing in
the kolanut diet group was lower (p< 0.05) compared to control. The
non-exploratory behaviours like grooming and genital licking were also
lower in the test group compared to control (p<0.001, 0.05
respectively). In the EPM test, the duration in the open arm in the kola
diet group was higher compared to control (p< 0.01). The duration of
grooming in the test group was however higher in the closed arm
compared with control (p< 0.01). The frequency of downward dips only
correlated positively with the duration in the open arm in the control [r
(16) = 0.855; p< 0.01]. The kola fed animals spent more time in the
light region of the LD test (p< 0.01) rearing and walling (p<0.05), and
spent less time in the dark region when compared with their control. In
conclusion, long-term consumption of kola nut diet decreased anxiety—
related behaviour in the mice.
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INTRODUCTION

kola is a tropical tree crop (family - sterculiaceae) with socio-economically
important in Nigeria. Kola nut is used traditionally for ceremonies related to
marriages, child naming, funerals and in other festivals and also chewed as a
masticant (Ogutuga, 1975). It is commercially grown in the West where it is known
as “Obi” in Yoruba, consumed by the Northerners where it is known as “Goro” in
Hausa, and revered in the East where it is called “Oji” in Igbo. In Cross River and
Akwa Ibom it is called “Ibong” in Efik. It is of great importance in the traditional
institution hence the adage by the Igbos ... “He who brings Kola brings life”. Kola is
generally ascribed to elders’ privileges.

The nuts are either chewed whole or used in powdered state. It is known to
cause mild stimulation of the central nervous system and produce a temporal feeling
of increased physical strength often associated with a reduction of hunger and
fatigue, which may be due to its high content of carbohydrates (Martin et al, 1983). It
was reported by Egbe and Oladokun (1987) that there are over forty kola species out
of which cola nitida and cola accuminata are of major economic importance in
Nigeria. Fresh and cured kola nut chewed in small doses increase mental activity,
reduce the need to sleep and also dispel hunger and thirst (Ogutuga, 1975). It is for
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this reason that kola nut chewing has become very popular among students, drivers
and many other consumers who need to remain active for unusually long periods.

In some developed countries, however, kola nut extracts are used industrially
for the manufacturing of many cola-type soft drinks flavours (Beattle, 1970), as a
source of caffeine used for many manufacture of pharmaceutical products and
essential oils (Olounloyo, 1979) and as a main ingredient in production of heat-
tolerant chocolate bars (Williams 1979). In addition, caffeine is known to be a fat
burner and therefore beneficial in assisting weight loss (Blades, 2000). As a result of
the commercial importance of kola nuts, a lot of research work has been done on
Cola Nitida, the kola of commerce, in Nigeria (Oladokun, 1982). Presently, the bulk
of kola nuts being produced in Nigeria are either consumed fresh locally or exported
as sun-dried to some drier areas of Africa, where they are used as masticant or as
sources of colourant for cloth dyeing but with little or no industrial use locally (Jayeal,
2001).

Since kola nut contains caffeine which has the stimulating effect on the
nervous system, it is likely that chronic consumption of kola nut will have an effect on
anxiety-related behaviour. Therefore the effect of long-term consumption of kola nut
on locomotor activities and anxiety-related behaviour in mice was studied using the
open field test, elevated plus maze test and light dark transition test.

MATERIALS AND METHODS

Swiss white mice purchased from the animal house of the Department of
Physiology, University of Calabar. Mice were grouped into two: Control (n=8) given
normal rodent chow (Vital feed Nigeria), and test (n=8) given 50% w/w kola-nut diet.
Kola-nut diet was prepared by slicing, drying and grinding fresh kola-nut (colc nitida)
bought from Bogobiri (Hausa Market) in Calabar, Nigeria. Equal portions of the
grinded kola-nut powder (10g) and rodent chow (10g) were used to constitute 50%
w/w kola-nut diet (Osim and Udia, 1993). All animals had free access to clean
drinking water. This feeding was done for 28 days. All animals were weighed before
and after the feeding period.

The open field maze test used by Bisong et al (2018) was employed in this study.
The test apparatus measured 72 x 72 x 32cm (I x b x h) with a floor divided into
sixteen 18 x 18cm squares, and cetre square of 36 x 36cm. Mice were allowed 5
minutes to explore the apparatus while behaviour are scored.

(Brown et al. 1999).

The elevated plus maze as described by Lister (1987) and used by Bisong et al
2017, 2018) was employed in this study. The apparatus has 2 open arms (each
measuring 30x5x15cm) and two closed arms (each measuring 30x5x15cm)
extending from a central, open square (5x5cm). The maze was elevated on a
pedestal to a height of 45cm above the floor. Each mouse was placed in the centre
square of the elevated plus maze facing an open arm and its behaviour scored.

The light/dark transition box test as described by Hascoét and Bourini,
(1998) and used by Bisong et al (2017) was used. It is box measuring 46x30x27cm
high (I x b x h cm), divided into two compartments; a small 18x30cm area and a
large 27x30cm area with a 7x7cm door on floor of the partition linking the two
chambers. The small compartment was painted black to mimic darknes, whereas the
large compartment was painted white. Mice were given 5 minutes to explore the
apparatus during which behaviours were scored.
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99  Statistical Analysis

100 Data obtained from the study were analysed using the Student T- test.
101  Associations between data were tested using the Pearson’s correlation. Data were
102  presented as means +* standard error of mean. Probability level of P< 0.05 was
103 accepted as significant.

104

105

106 RESULTS

107

108  Exploratory behaviour in the open field maze

109 The Exploratory behaviour, Rearing and walling, are forms of vertical

110  locomotor activity. The frequency of Rearing in the test group within the first five
111 minutes was 3.6 £ 1.1, significantly lower when compared with control (5.9 + 1.5; P<
112 0.05). At the end of 30 minutes, the frequency of rearing in the kola group (43.4 *
113 11.1) was also lower than that in control (76.4 + 11.2; P< 0.05). Although the
114  frequency of walling in the kola group was lower both at 5 minutes (16.4 + 3.6) and
115 30 minutes (58.3 £14.0) when compared with control (19.6 + 2.3 at 5 minutes and
116  80.4 £10.7 at 30minutes; Figure 1).
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141  Fig. 1: Exploratory behaviour; rearing (a) and walling (b) of mice fed kola diet in the
142 open field maze.

143

144

145  Grooming in the open fields maze

146 The frequency and duration of grooming in the open field maze were

147  significantly lower in the test group than in the control at the end of the 30 minutes
148  session. This was 16.4 + 2.8/30min in the kola group, which was less than that in the
149  control group of animals, which was 30.1 + 2.9; (P< 0.01). The duration of the
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grooming at the end of 30minutes (192.5 + 25.4 sec) was also significantly lower in
the kola fed group compared to control (352 + 54 sec; P< 0.05). This is shown in
Figure 2.

O Control mice

w
a
)

T B Kola fed mice
30

2
‘€ 251
8 *k %k
o 20 4
©
8 15 -
[0}
>
3 10
IC

5 4

0

5min
(a)

450 .
400 - T O Control mice
5 .
$ 350 - O Kola fed mice
2 300 |
g .

g 250 |
2 200 - _T
o
5 150 1
T
E 100 A
[AI% .....
0

(b)

NS — Not significant compared to control
* - Significant at P< 0.05 compared to control.

Fig. 2: Frequency (a) and Duration(b) of grooming in mice fed kola diet in five
minutes and thirty minutes in the in the open field maze.

Comparison of activities in the Elevated plus maze between kola fed and
control mice.

The frequency of entry into the open arm was not significantly different
between control and kola fed mice. The duration in the open arm was however,
significantly higher in the test group compared to control (p < 0.01). The frequency
and duration of downward dipping of mice did not differ significantly between test
and control groups of mice. The frequency of entry into the closed arm of the
elevated plus maze in the kola fed group was significantly lower compared to control
(P< 0.05). The duration in the closed arm was also lower in the test group compared



173 to control (P< 0.05). Although the frequency of grooming in the closed arm was not
174  significantly different between test and control groups, the duration differed (P<0.01).
175  The frequency of rearing and the number of faecal boli at the end of the 5minutes
176  session did not differ from control values. Table 1 below shows a summary of these

177  comparisons.
178
179
180

181 Table 1: Summary of comparison of activities in the Elevated plus maze
182  between kola fed and control mice.

183
Parameters Control group Kola fed group Level of
significance
Frequency of open arm entry (/5Sminutes) 28+0.3 26+06 NS
Duration in open arm (seconds) 453 + 10.4 136 +18.7 0.01
Frequency of downward head dipping
Duration in closed arm (seconds)
218.1 £15.2 158.9 + 25.5 0.05
Frequency of grooming in the closed arm
Duration of grooming in the closed arm
(Seconds) 18.3+5.7 449 +9.3 0.01
Frequency of genital licking in the closed arm
Frequency of rearing in the closed arm
19+2.0 20 2.1 NS
Number of faecal boli
0.4+0.3 0.3+0.2 NS

184 NS - Not significantly different compared to control.

185
186
187

188  Correlation between duration in the open arm and frequency of downward

189  head dipping

190 There was a positive correlation between the duration in the open arm of the
191 elevated plus maze and the frequency of downward head dipping in the control
192 group [r (16) = 0.855; p< 0.01], Figure 3.
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197
198  Fig. 3: Correlation between frequency of downward head dipping and duration
199 in the open arm in the control group
200
201
202  The Effect of long-term feeding with kola diet on Activities in the light region of
203  the light/ dark transition box.
204 Activities in the light region were generally higher for the kola fed group
205 compared to control. Although the frequency of entry into the light region did not
206 differ, the time spent (duration) in the light region was significantly higher in the test
207  group (111.5 £ 9.43 seconds) compared to control (77.63 £ 12.7 seconds; p< 0.05).
208 The frequency of line crossing did not differ between the test and control groups.
209 The frequency of rearing and walling were higher in the test groups compared to
210  control (p< 0.01; p<0.05 respectively), Table 2.
211
212 Table 2: Activities in the light region of the light/ dark transition box.
213
Activity in the light region. Control group Kola fed Level of

group significance

Frequency of entry (/5mins) 6.75+0.90 6.0 £0.95 NS
Duration in light region (Sec) 77.63 £12.7 111.5+9.43 0.05
Line crossing (/5mins) 59.0 £10.29 51.3+6.43 NS
Frequency of rearing (/5mins) 3.13+0.82 9.25 +1.65 0.01
Frequency of walling (/5mins) 7.75+1.75 14.88 £2.76 0.05
214 NS - not significant compared to control
215

216



217  The Effect of chronic feeding with kola diet on Activities in the dark region of

218  the light/ dark transition box.

219

220 Although the test group showed less activity in the dark region of the

221 light/dark transition box, the exploratory activities were significantly higher compared

222 to control. The frequency of entry and the time spent (duration) in the dark region did

223 not differ in the test group when compared to control. Frequency of rearing in the test

224 group was higher than the value for the control group (p< 0.05). Walling also

225 followed a similar trend with the test group of animals walling more than control

226  (p<0.05). The frequency of grooming did not differ significantly but the duration of

227  grooming was lower in the test group compared to control (p< 0.05). The frequency

228  of genital licking in the test group of mice was also significantly lower compared to

229  that in the control group (p< 0.05); Table 3.

230

231 Table 3: Activities in the dark region of the light/ dark transition box.

232

Activity in the dark region. Control group Kola fed Level of
group significance

Frequency of entry (/5mins) 7.75 %+ 0.90 5.13+0.83 NS

Duration in dark region (Sec) 222.5 +12.37 197 +13.97 NS

Frequency of rearing (/5mins) 8.5+ 1.56 14.0 £ 3.1 0.05

Frequency of walling (/5mins) 12.88 £ 2.53 20.4+£2.74 0.05

Frequency of grooming (/5mins) 6.38 £ 6.0 6.0+1.12 NS

Duration of grooming (sec) 63.88 £ 13.73 32.6 £6.43 0.05

Frequency of genital licking 4.5+1.09 2.0 £0.61 0.05

(/5mins)

233 NS - not significant compared to control

234

235

236

237 DISCUSSION AND CONCLUSION

238 The open field maze has been used to assess the emotionality of animals in a

239  novel environment, as well as locomotion and exploration (Weiss and Greenberg,

240  1996). Although the frequency of line crossing did not differ significantly between the

241  test and control groups, other forms of locomotor activity differed. This implies that

242 there was no significant change in horizontal locomotor patterns.

243 The frequency of rearing was significantly lower in the kola fed group (test)

244  when compared to control in the open field. This trend was also similar in the

245  frequency of walling. The vertical locomotor activities and therefore exploratory

246  activity were decreased following long-term ingestion of kola nut. The frequency and

247  duration of grooming in the kola fed group was also significantly decreased at the

248  end of 30 minutes. This implies decreased vertical locomotor (exploratory) activities

249  following chronic ingestion of kola nut. Therefore long-term ingestion of 50%w/w kola

250 nut diet decreased exploratory activity. It is most likely that consumption of large
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quantities of cola nut will not serve the stimulant effect any longer but rather cause
depression of the nervous system. These results however, do not support the report
of previous researchers that kola nuts serve as a stimulant (Ogutuga, 1975; Martins
1983). The decrease in exploratory/vertical locomotor activity following long-term
consumption of kola is in consonance with reports of Neil (1978) which showed that
excessive consumption of caffeine caused mixed depressive states in psychiatric
patients; and also the work of Greden (1978) depressive syndrome as being
associated with caffeine, which is one of the major constituents of kola nut.

The elevated plus maze has been proven as a model for assessing anxiety
and fear (Brown et al, 1999, Lister, 1987). This test is based on the natural aversion
of rodents for open space and heights. Mice fed 50%w/w kola diet when compared
with control, spent more time in the open arm and less time in the closed arm.
These therefore means that the kola fed mice were less fearful compared to their
control. To buttress these, there was a positive correction between the duration in
open arm and the frequency of downward head dipping. Therefore, the less fearful
mice spent more time in the open arm of the maze and did more of the downward
head dips.

The light/dark transition box is also used as a model for assessing anxiety
and fear. This light/dark test is based on the innate aversion of rodents for brightly
illuminated areas and on the spontaneous exploratory behaviour of rodents in
response to mild stressors that is novel environment and light (Crawley and Godwin,
1980). In this test, the kola fed group of mice spent more time in the illuminated
(light) region of the and also showed increased activity (rearing and walling) in this
region. This implies that long-term feeding of mice with kola diet produces an
anxiolytic effect.

The kola fed group showed less grooming (non-exploratory behaviours
associated with fear) in the dark region compared to their control. The frequency of
the exploratory behaviours, rearing and walling, were higher in the test group. This is
in agreement with findings of Costal et al (1989) that increased exploratory
behaviours was associated with an increase in the time spent in the light region of
the light/ dark box.

The mice in the test group were less fearful compared to control, which is in
consonance with the test in the elevated plus maze. Therefore, long-term ingestion
kola diet caused an anxiolytic effect. These results were contrary to earlier works
which implicate caffeine (a major component of kola) as an anxiogenic agent (File
and Hyde, 1979; Charney et al, 1984).

In conclusion, long-term consumption of 50%w/w kola diet in mice caused
decreased locomotor activity, instead of producing a stimulant effect, in mice. The
kola diet also produced an anxiolytic effect, thereby reducing fear and anxiety in
mice.
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