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Determination of analgesic effects of different substances is important since this a very complex process
that occur in the human body. The purpose of the present study was to evaluate the analgesic effect of caf-
feine and nicotine, both alone and in combination, using writhing test and hot plate test. The study used
Swiss albino strain male mice, weighting 25 to 35 grams. The substances were administered subcutane-
ously. In the first experiments caffeine was administered in doses of 1 mg/kg and Smg/kg and nicotine in
doses of 1 mg/kg and 4 mg/kg. The last experiment evaluated the association between caffeine 5 mg/kg
and nicotine 4 mg/kg. 30 minutes after administration, both doses of caffeine caused an antinociceptive
effect, while nicotine induced analgesia only when the dose was increased to 4 mg/kg bw. Furthermore,
when administered simultaneously, the two substances behaved like potentiating each other’s effect, but
additional research is needed in order to understand the mechanism of action.
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Introduction

Pain is defined, according to the International Associa-
tion for the Study of Pain, as an unpleasant sensory and emo-
tional experience associated with actual or potential tissue
damage or described in terms of such damage [1]. Each indi-
vidual describes pain differently, according to his past expe-
riences and particular genetic background, but it is generally
accepted that the human body uses this unpleasant sensation
as an alarming signal to remove the injurious stimuli.

Physiologically, pain is classified as slow and fast pain,
both categories serving different transmission pathways, but
identical receptors, respectively the free nerve endings. One
essential characteristic of nociceptive receptors is the lack of
adaptation towards distress which massively influences the
perception of pain.

Existing studies show that natural plant extracts are able
to influence nociception, among other biological properties,
like the antioxidative, anti-inflammatory, antiulcerogenic or
immunomodulatory ones. Plantago species is a good exam-
ple with its biologically active agents: flavonoids, iridoids,
caffeic acid derivatives, polysaccharides, glycosides and
terpenoids. Radu N and the team investigated the analgesic
effects of various Plantago species. The study conducted of
N. Radu et al. [2] proved the existence of a connection be-
tween polysaccharide extracts of Plantago species and pain
perception; this study showed that polysaccharide extracts
of Plantago species decreased analgesia. Further research
showed that flavonoid extracts have no analgesic effects [3].
Moreover, a study that assessed the antinociceptive effect of
iridoid extracts showed a partial analgesic response during
writhing tests [4].

Caffeine is the most popular psychostimulant in the
world, mostly consumed as coffee. It is a natural meth-
ylxanthine which stimulates the central nervous system,
increases clinical alertness and generates restlessness by
acting as a phosphodiesterase inhibitor, adenosine receptor
antagonist and intracellular calcium modulator [5]. How-
ever, the biological effects of caffeine are predominantly
provided by antagonizing adenosine receptors and affect-
ing the adenosinergic tonus, which explains its effects
when used acutely [6].

As mentioned above, caffeine inhibits adenosine recep-
tors (Al, A2A, A2B, A3) which all show effects on spinal
glial cells regarding the adjustment of nociception. How-
ever, recent studies indicate caffeine has more affinity at
Al, A2A and A3 receptors compared to the A2B ones [7].
Even if adenosine receptors have similar distributions, they
modulate nociception differently and, consequently, these
complex mechanisms influence the way caffeine behaves

towards analgesia. Nevertheless, recent data indicates oc-
currence of differences between genders that should be
considered while assessing the efficacy of adenosine-based
analgesics [7].

Nicotine, a highly addictive alkaloid found in tobacco
plants, has both stimulatory and inhibitory effects on ace-
tylcholine release. The mechanism of action depends on the
administered dose and the predominance of either sympa-
thetic or parasympathetic innervation of the selected organ
system. Regarding the central nervous system (CNS), nico-
tine causes stimulation, thus improving concentration and
reaction time. It diminishes stress and anxiety levels, while
recent studies suggest nicotine could also have analgesic ef-
fects [8].

Several studies that investigated the role of nicotine in
inducing antinociception by modulating the release of neu-
rotransmitters, such as acetylcholine [8, 9, 10], glutamic
acid [11] and other neuromodulators (dopamine, serotonin,
noradrenaline) [8]. Hormonal signaling is implied as well, as
in the case of corticotropin-releasing hormone [12].

Most importantly, nicotine, commonly consumed as cig-
arettes, is toxic and highly addictive, the addiction potential
being influenced by genetic factors [13]. Considering these,
nicotine is considered as it one of the most dangerous drugs
available for everyday use.

Based on these literature data, our aim was to assess
the way caffeine and nicotine affect analgesia and if both
substances influence each other throughout the three experi-
ments we conducted.

Material and methods

The analgesic effects of caffeine and nicotine were eval-
uated in three experiments on mice. The purpose of the first
experiment was to study the sensitivity to pain 30 minutes
after the administration of one dose of caffeine. The second
experiment aimed to assess the analgesic effect of a single
dose of nicotine 30 minutes after administration and the last
experiment studied the identical behavior 30 minutes after
administering simultaneously caffeine and nicotine.

The hot-plate and writhing tests were used to determine
the analgesic effect of caffeine and nicotine. Pre-adminis-
tered analgesic drugs, such as opioids, increase pain toler-
ance, the animal thus spending more time on the heated plate
and writhing less compared to the control group.

3 groups of 12 albino male mice were used for con-
ducting the experiments with caffeine and nicotine alone,
while the third experiment, which combined both sub-
stances, used 4 groups of 12 albino male mice. All the
animals weighted between 25 and 30 grams and were pro-
vided by the “Carol Davila” University of Medicine and
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Pharmacy Bucharest bio-base. The mice were brought
to the laboratory 24 hours prior to the start of the tests
and were kept in standard environmental conditions with
ad libitum access to food and water. The animals were
housed in plexiglass cages (bed of wood chips), 12 mice
per cage. The ambient temperature was set between 21°C
and 24°C while the relative humidity was maintained be-
tween 45% and 60%.

The first experiment implied the administration of one
dose of caffeine - 1 mg/kg bw or 5 mg/kg bw compared to
the second experiment where nicotine was used in single
doses of 1 mg/kg bw or 4 mg/kg bw. Finally, the third stage
of our study combined caffeine 5 mg/kg bw and nicotine
4 mg/kg bw. Both substances were provided by Sigma Al-
drich and were dissolved in 9%o sodium chloride in order
to administer 0.1 mL/10 g bw of solution. Additionally, all
control groups received 0.1 mL/10 g bw of saline solution
and each writhing test required 0.15 mL/10 g of acetic acid
in concentration of 0.75%. The acetic acid was injected in-
traperitoneally while the other substances were administered
subcutaneously.

All three experiments implied conducting hot-plate and
writhing tests 30 minutes after injecting subcutaneously caf-
feine, nicotine or sodium chloride.

In the hot-plate test, the mouse is placed individually on
a plate previously heated to 55°C and maintained at this tem-
perature. Physiologically, after feeling the excessive heat,
the animal starts licking its paw or attempts escaping by
jumping on the side of the plate. The timer was started when
all 4 paws of the mouse touched the plate and stopped when
the animal began licking its paw. The cut-off time for the
reaction was 30 seconds. In the writhing test, after injecting
intraperitoneally an irritant such as acetic acid, the abdomi-
nal muscles start contracting and the animal acquire antal-
gic positions by pressing its back on the floor. We chose to
measure the number of contortions performed in 5 minutes.
If a substance increases the average amount of time spent
on the hot-plate and decreases the number of contortions,
compared to the control, it is considered to have analgesic
effects.

The study was approved by the local ethics committee
of “Carol Davila” University of Medicine and Pharmacy,
Bucharest. The ethical agreement obtained was in concor-
dance with the European Directive 86/609/EEC/24.11.1986
and with Governmental Decision 37/30.01.2002 referring to
protection of experimental animals.

The obtained data was analyzed using Microsoft Office-
Excel. Means and standard deviations were calculated for
each group and then, the Student-t test was applied. Results
were considered statistically significant if p < 0.05.

Results and Discussion

Evaluation of antinociceptive effect 30 minutes
after administering caffeine

During the writhing test, the group that received 1 mg/kg
bw of caffeine had a decreased number of contortions, with
an average of 14.33 writhings, compared to the control group
which presented an average of 22.25 (p < 0.05). The 5 mg/
kg bw dose determined mice to behave similarly, the average
number of contortions being 15.16, lower than the result of
22.25 obtained by the control group (p < 0.05) (Fig.1).
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Figure 1. Writhing test: evaluation of antinociceptive effect
30 minutes after administering caffeine 1mg, Smg and control.

In the hot-plate test, animals that were administered 1
mg/kg bw of caffeine spent, on average, 9.48 seconds on the
heated surface, in contrast with the 7.88 seconds registered
by those belonging to the control group (p < 0.05). Also, the
dose of 5 mg/kg bw of caffeine caused an increased average
amount of time, 9.52 seconds (Fig. 2), in comparison to con-
trol group’s 7.88 seconds (p < 0.05).
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Figure 2. Hot-plate test: evaluation of antinociceptive effect
30 minutes after administering caffeine Img, 5Smg and control

Evaluation of pain relief 30 minutes after
administering nicotine

The writhing test conducted with the group which received

1 mg/kg bw of nicotine showed a diminished average number
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of contortions, respectively 21.25, but the result is statistically
insignificant considering the 22.5 average of the control group
(Fig. 3). The batch injected with 4 mg/kg bw of nicotine per-
formed, on average, 14.58 writhings, well below the average
of the control group —22.5 contortions (p<0.05).

Number of writhes registered at 30 min after the
administration of nicotine in writhing test

Number of writhes

Nicotine 1 mg Nicotine 4 mg Control

Figure 3. Writhing test: evaluation of antinociceptive effect
30 minutes after administering nicotine 1 mg, 4mg and control

The hot-plate test revealed that 1 mg/kg bw of nicotine
had induced a slight decrease - 7,64 seconds - in the aver-
age period of time the animals spent on the heated surface,
which is statistically insignificant compared to the mean
achieved by the control group — 7.84 seconds. In contrast,
the mice treated with 4 mg/kg bw of nicotine (Fig. 4) re-
sisted for an average of 10.08 seconds, far greater than the
control group —7.84 seconds (p < 0.05).

Hot plate test registered at 30 min afier the nicotine
administration
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Figure 4. Hot-plate test: evaluation of antinociceptive effect
30 minutes after administering nicotine 1 mg, 4mg and control

Evaluation of analgesia 30 minutes after
administering caffeine and nicotine together

Regarding the writhing test, 5 mg/kg bw of caffeine de-
termined an average number of 14.5 contortions, 4 mg/kg bw
of nicotine obtained a mean of 13.5, while the control group
recorded an average of 22.08 (p < 0.05 for each substance).
Injecting simultaneously the previous doses of both drugs,
the average number of contortions was 11.5 compared to the
control group — 22.08 contortions (p < 0.05) (Fig. 5).

Number of writhes registered at 30 minutes afier the
administration of caffeine, nicotine and their combination
in writhing test
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Figure 5. Writhing test: evaluation of analgesia 30 minutes
after administering the combination of caffeine and nicotine

During the hot-plate test, 5 mg/kg bw of caffeine increased
the average amount of time to 9.56 seconds, 4 mg/kg bw of
nicotine did it to 10.37 seconds, while the control group man-
aged to stay only 8.45 seconds on the plate (p < 0.05). As ex-
pected, combining the two substances led to a better outcome,
which was 11.19 seconds, well above the average of 8.45 sec-
onds achieved by the control (p < 0.05) (Fig. 6).

Hot plate test registered at 30 min afier caffeine, nicotine
and their combination administration
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Figure 6. Hot-plate test: evaluation of analgesia 30 minutes
after administering the combination of caffeine and nicotine

Conclusions

The results of the present study showed that, 30 minutes
after administration, both doses of caffeine (1 mg/kg bw,
5 mg/kg bw) caused an antinociceptive effect by increas-
ing pain tolerance throughout all experiments while only
the high dose of 4mg/kg bw of nicotine induced analgesia.
When administered simultaneously, the two substances be-
haved like potentiating each other’s effect, but additional
research is needed in order to understand the mechanism of
action.

In addition, lower dose of caffeine proved to have simi-
lar or even better antinociceptive effect than the higher dose
which could represent a starting point for further studies.
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