Original Article

Pain Sensation in CD-1 Mice Following Long-term Consumption
of Beans Diet in the Tail Flick and Hot Plate Test

Aduema Wadioni, C F Iniodu’, J K Opara’
Departments of Human Physiology and 'Human Anatomy, Gregory University, Uturu, Abia State, Nigeria

Background and Aim: Beans contain serotonin and its precursor 5-hydroxytryptophan (SHTP) which is known to have neurobehavioral
effects on pain sensation. In the present study, we have planned to evaluate the effect of chronic consumption of beans diet on pain sensation
in mice. Methods: Forty CD-1 mice were randomly assigned into four groups, namely, control, cooked beans diet (50% w/w), uncooked
beans diet (50% w/w), while another set of mice were placed on serotonin precursor (5-HTP) diet (0.2 mg/50 g w/w) for 30 days. All the mice
had access to clean drinking water ad libitum. Before the neurobehavioral parameters were assessed, the phytochemical analysis of the beans,
LD, of the beans, and that of the serotonin precursor (5-HTP) were determined. Serotonin concentration was measured in the beans using
gas chromatography analysis. The tail flick and hot plate test were used to assess the pain sensation. Results: In tail flick test, the latency of
tail flick in the study group was significantly higher (P < 0.05) compared to the control group in both phases, thus showing a decrease in pain
sensation. In hot plate test, the frequency and duration of right hind paw lick in the study group were significantly lower (P < 0.05) compared
to control, representing a decrease in pain sensitivity. The latency of jump was significantly higher than the control, showing a decrease in
pain sensitivity. Conclusion: Our results suggest that beans diet decreases pain sensation in mice.
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|NTRODUCTION chemical constituents, notably, serotonin has neurobehavioral
actions such as mood, pain, and anxiety.® Serotonin has been
shown to act (Caenorhabditis elegans) as a neurotransmitter to
modulate behavior in response to changing cues, acting on both
neurons and muscles to affect egg laying, pharyngeal pumping,
locomotion, and pain.”’ Since beans contain neurotransmitters
and chemicals that can potentially affect behavioral patterns, it
may be worthwhile to find out whether long-term consumption
of beans diet can affect the behavior in mice. This was of
particular interest when we consider the challenges that
confront human behavior and how behavioral disorders still
remain a global concern.!'” Nigerian beans commonly called
iron beans contain neurotransmitters, notably serotonin that
has neurobehavioral actions as well as its precursor, 5S-HTP

Pain can simply be defined as a hurtful feeling caused by
damage to the tissues of the body. Pain is defined as an
unpleasant sensory and emotional experience associated
with actual or potential tissue damage.!!! Pain is, therefore, a
protective mechanism in the body. Beans are a good source
of protein, carbohydrates, dietary fiber, minerals, vitamins,
and many phenolic compounds. Nowadays, researchers are
particularly interested in the high antioxidant activities observed
in beans. Bean is a very nutritious food from many aspects, and
it is not surprising that nutritionists would characterize beans
as a nearly perfect food.’# It has been reported that beans
have anticarcinogenic, antimutagenic,! anti-inflammatory,
antidiabetic, hypoglycemic, depurative, cardioprotective, and
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tannins, glycosides, and flavonoids. Among the array of
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that also has similar actions. It is conceivable therefore that
long-term consumption of beans diet can affect behavior such
as pain sensation.

MareriaLs AND METHODS

Experimental animals/grouping

Forty Swiss white mice weighing between 15 and 30 g
were obtained from the animal house of the Department of
Pharmacology, University of Nigeria, Nsukka, were used
for this study. The animals were transported to the animal
house of Department of Physiology, Abia State University,
Uturu, Nigeria, where they were acclimatized under standard
laboratory conditions and given free access to normal feed and
clean drinking water. The animals were randomly assigned into
four groups: Control group, Group 1, Group 2, and Group 3.
The animals in the control group received normal feed, Group 1
received 50 g cooked beans per every 50 g of rodent chow,
Group 2 received uncooked beans per every 50 g of rodent
chow, and Group 4 received 0.2 mg/50 g serotonin precursor
diet for 30 days.

Experimental design

The tail flick and the hot plate test were used to assess the pain
sensation in mice as developed by D’ Amour and Smith!'!! and
Bertollo et al.l'l and were used to assess the effect of beans
consumption on pain. Water was boiled to steam at 100°C,
and a portion of this hot water was taken, and some cold water
was added to reduce the temperature of the hot water to 49°C,
in which the experiments were carried out. This temperature
was constantly maintained by adding cold water when the
temperature is above 49°C or by adding hot water when the
temperature decreases below 49°C before each experiment was
carried out. Thermometer was also constantly immersed into
hot water to ensure accurate temperature is maintained. The
mouse was restrained loosely, gently handled, and care was
taken to prevent bite. A stopwatch was set and started exactly
at the time when the tail of the mouse was immersed into hot
water at 49°C. The stopwatch was stopped exactly when the
mouse flicked its tails from hot water. This time was recorded
as the latency of tail flick. The experiment was repeated after
1 h for each mouse. The experiments were carried out on
both the control and the test groups; after the experiment, the
animals were returned to their metabolic cages thereafter. The
experiment lasted for a day.

Furthermore, the procedure for the hot plate test involved
first turning the apparatus on and waiting a few minutes until
the surface attained the required temperature, which was
maintained at 55°C + 5°C. Mice were individually exposed
to the hot plate apparatus using a plastic container. The foot
pedal was tapped immediately after introducing the mouse in
the apparatus to start the timer and tapped again to stop the trial
when the required behavior was observed. The cutoff point for
the test per mouse was 30 s, in case the required behavior was
not observed. This was to avoid extensive tissue damage.!'”
The behavior measured was the time it took for the mice to start

licking their footpad. This behavior, defined as the latency of
hind paw lick, was recorded. The behavior observed, paw lick
and jumping are the most common measures of pain threshold
and are considered supraspinally integrated.!'>!"

Statistical analysis

Data collected during the study were expressed as a
mean + standard error of the mean. Analysis of variance and
Student’s #-test were used for analysis, and P < 0.05 was
considered statistically significant. Furthermore, post hoc test
(<standard deviation) was carried out. Statistical analysis was
done with the aid of computer software SPSS (Brain Series,
China) and Excel from Windows XP.

ResuLts

Figure 1 shows the latency of tail flick (the time taken by the
mice to flick its tail from the warm water) by mice fed with
normal diet, cooked beans, uncooked beans, and serotonin
precursor diet. The values were 10.32 £ 3.66, 15.45 + 2.86,
18.56 £2.26, and 18.99 = 3.16 s in Trial 1 and 8.30 £ 2.07,
12.40 £2.82, 21.20 = 3.90, and 24.31 £+ 1.96 s for mice fed
with normal diet, cooked beans, uncooked beans, and serotonin
precursor diet in Trial 2, respectively. The latency of tail
flicks in Trial 1 was significantly higher in Groups 1, 2, and
3 (P < 0.05) when compared with that of the control group.
However, the latency of tail flicks in serotonin precursor
fed (Group 3) mice was significantly higher when compared
to that of cooked beans group of mice. In Trial 2, the latency
of tail flicks was significantly higher (P < 0.05) in Groups 1,
2, and 3 when compared with that of the control group. Among
Groups 1, 2, and 3, the latency of mice fed with uncooked
beans and serotonin precursor group was significantly higher
compared to that of cooked beans group of mice.

Figure 2 shows the frequency of hind paw licks in the control
group and Groups 1, 2, and 3. The number of times the
animals (mice) in both groups’ licks their hind paw in the hot plate
test was 4.00 £ 0.52, 3.25+0.65, 2.38 £0.63, and 1.29+0.29 s
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Figure 1: Latency of tail flick among the different experimental groups for
assessing pain during the tail flick test. Data were statistically analyzed
using one-way analysis of variance with Tukey’s multiple comparison
test (post hoc)
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Figure 2: Frequency of hind paw lick among the different experimental
groups for assessing pain during the hot plate test. Data were statistically
analyzed using one-way analysis of variance with Tukey’s multiple
comparison test (post hoc)

for mice fed with normal diet, cooked beans, uncooked beans,
and serotonin precursor diet, respectively. The frequency of
hind paw licks for mice fed with beans and serotonin precursor
diet was significantly less when compared with that of the
controls (P <0.05). However, the serotonin precursor group had
a significantly less frequency of hind paw licks when compared
with that of the cooked beans group of mice.

Figure 3 shows the duration of hind paw licks. The duration
taken by the animals (mice) in the control group and Groups 1,
2, and 3 to lick their hind paw in the hot plate test was
16.89 + 1.50, 13.84 + 02.34, 9.56 + 1.24, and 8.95 £ 2.05 s,
respectively. The mice fed with cooked, uncooked beans,
and serotonin precursor fed mice had a significantly lesser
(P <0.05) duration of hind paw licks when compared with that
of controls. However, the mice fed with uncooked beans and
serotonin precursor group had a significantly lesser duration of
hind paw licks compared to that of cooked beans group of mice.

The latency of jump in the hot plate test for mice fed with
normal, cooked, uncooked beans, and serotonin precursor
diet were 14.80 + 3.04, 18.76 £ 3.92, 20.21 + 4.22, and
25.70 £ 1.40 s. The latency of jump by the cooked beans,
uncooked beans, and serotonin precursor fed mice was
significantly higher (P < 0.05) when compared to that of
the control group. Among the mice fed with cooked beans,
uncooked beans, and serotonin precursor, the serotonin
precursor fed mice had a significantly higher latency of jump
in the hot plate test when compared to that of cooked and
uncooked beans group of mice [Figure 4].

Discussion

In the present study, the animal models of physiological
pain assessment used include tail flick test and hot plate
test.[?] Tail flick is a system feature that involves when
radiant heat is applied on the animal’s tail - when the animal
feels discomfort, there is a sudden tail movement (tail flick).
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Figure 3: Duration of hind paw lick among the different experimental
groups for assessing pain during the hot plate test. Data were statistically
analyzed using one-way analysis of variance with Tukey’s multiple
comparison test (post hoc)

This has proved that it is particularly a sensational property
of pharmacological substance. It can also be used to evaluate
basal thermal pain sensitivity or the study of putative genetic
differences among animals without drugs.!'” In the experiment,
the tail flick test showed that the latency of tail flick for the
group of mice fed with cooked beans diet was significantly
higher than the control. This indicates that the pain threshold
for the test mice was raised when compared to the control,
implying that mice took a longer time before they perceived
pain. These longer latencies indicate a raised pain threshold
and thus decreased pain perception following the consumption
of uncooked beans diet. This shows that beans affect the
spontaneous response to the sensation of pain.

The hot plate paw-shaking and paw-licking is a complex and
supraspinal organized behavior. The latency of jump in the hot
plate (heated to and maintained at 55°C to prevent excessive
tissue damage) was defined as the time taken by the mice to
jump after being introduced into the hot plate. The hot plate
procedure is believed to have an advantage over other thermal
nociceptive pain model such as tail flick procedure!'! because
it can be applied repeatedly in the same animal over a short
period of time (23 h) without causing tissue damage or injury,
especially if the maximum observation time is 30 s. It also
constitutes a more global estimate of nociceptive reactivity
because it represents a complex pattern of willed behavior
rather than a simple reflex, like the tail flick.['”)

In the hot plate test, the latencies of jump by the cooked beans,
uncooked beans, and serotonin precursor diet groups of mice
were significantly longer than that of the control mice that
consumed normal rodent chow, indicating that it took longer
time for beans fed mice to perceive pain than the control group
of mice. This shows that beans had an analgesic effect on mice.
The serotonin circuitry is a well-established pathway involved
in brain’s analgesia system during transmission of pain in the
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Figure 4: Latency of jump among the different experimental groups for
assessing pain during the hot plate test. Data were statistically analyzed
using one-way analysis of variance with Tukey’s multiple comparison
test (post hoc)

central nervous system. It is known that the analgesic fibers
of these system release neurotransmitters that inhibit pain
transmission to the brain, and the neurotransmitters released by
the fibers of analgesic pathway are serotonin and enkephalins.[!®!
This result suggests that the mice fed with beans diet were less
sensitive to pain when compared to those fed with the control
diet. The decrease in the sensitivity to pain caused by the beans
diet may also be attributed to the presence of flavonoids and
phlobatannins in the beans which has been reported to reduce
pain perception due to their anti-inflammatory properties.['>2%

Limitations of the study

My inability to use humans for this experiment is a major
limitation as the results in mice will only be extrapolated to
humans, because of their natural (mammalian) similarity to
humans.

CoNCLUSION

Chronic consumption of beans diet decreases pain sensation. Ifthis
result is extrapolated to humans, long-term consumption of beans
diet may be beneficial in the control and management of pain in
humans. Further research is, however, recommended to confirm
if beans (Vigna unguiculata) can be used as a pain killer. Our
findings suggest that beans diet reduces pain sensation in mice.
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