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Introduction: Partial peripheral nerve injury often results in chronic pain, including 
hyperalgesia and allodynia. Caffeine, as a non-selective antagonist of adenosine receptors 
(ARs), has protective effects on neuropathic pain. Since nitric oxide (NO) is partially involved 
in the central effects of caffeine, we investigated the effects of acute caffeine administration on 
neuropathic pain, focusing on A1 and A2 receptors and the possible role of NO. 

Methods: Following chronic constriction injury (CCI), male Wistar rats were administered 
caffeine (10, 50, and 100 mg/kg). Also, groups of animals received L-NAME (30 mg/kg) or 
L-arginine (100 mg/kg) either alone or before treatment with 50 mg/kg of caffeine. Rats were 
tested for hyperalgesia and allodynia at 4, 7, 14, 21, and 28 days following CCI. 

Results: Administration of 10 mg/kg of caffeine significantly increased cold allodynia, while 
50 and 100 mg/kg of caffeine decreased mechanical allodynia and thermal hyperalgesia. 
Pre-treatment with L-NAME before caffeine administration decreased cold and mechanical 
allodynia and thermal hyperalgesia. Treatment with L-arginine before caffeine administration 
increased thermal hyperalgesia and decreased cold allodynia.

Conclusion: The present data show that caffeine dose-dependently affects the pro-analgesic or 
anti-analgesic states in the CCI model.
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1. Introduction

europathic pain (NP) is a chronic disease 
that results from damage to the peripheral 
and central nervous system (Jensen et al., 
2011). It can cause complex changes in the 
cognitive and emotional functions (Jensen 
et al., 2011). NP is characterized by allo-
dynia, pain caused by an innocuous stimu-

lus, and hyperalgesia, an exaggerated response to a pain-
ful stimulus (Treede et al., 2008). Tumors, metabolic 
disorders, viral infections, and injury to the peripheral 
or central nervous system are considered causes of NP 
(Cervero et al., 2003). The main drug treatments for NP 
include opioids, anticonvulsants, antidepressants, and 
topical agents (Attal, 2012). However, treatments have 
adverse side effects, including tolerance and physical 
dependence without complete pain relief (Grzanna et al., 
2005). Therefore, further pharmacological interventions 
are necessary to relieve these side effects.

Caffeine is related to the purine alkaloid family and 
is the main active constituent in tea, coffee, and energy 
drinks (Nieber, 2017). Due to its mild stimulant effect, 
caffeine is the most widely consumed psychoactive 
substance in Western countries (Fredholm et al., 1999). 
Evidence suggests that some doses of caffeine have anti-
nociceptive effects (Person et al., 1985; Wu, et al., 2006). 

Also, one of the non-selective antagonists of adenosine 
receptors (ARs) is caffeine (Tchekalarova et al., 2010). 
Adenosine has four G protein-coupled receptors: A2B, 
A1, A2A, and A3 (McGaraughty et al., 2005). The anti-
nociceptive effect of caffeine is probably due to antago-
nism of the A2A receptors (Wu et al., 2006; Zhang, 2001). 
Nitric oxide (NO) is synthesized from L-arginine by 
different isoforms of NO synthase (NOS) (Akula et al., 
2008). NOS displays three isoforms: endothelial, neu-
ronal, and inducible isoforms (Garthwaite, 2008). The 
finding suggests that NO plays a complex role in pain 
modulation (Basbaum et al., 2009; Schaible & Richter, 
2004). On the other hand, it is known that caffeine can 
modulate NO production (Kayir & Uzbay, 2004; López-
Muñoz et al., 1996). Whereas activation of the A2A re-
ceptors stimulates NO production, activation of the A1 
receptor decreases NO production. It is suggested that 
the effects of caffeine on NO synthesis may be due to 
antagonism of the ARs (Bruce et al., 2002). However, it 
seems that the action mechanism of caffeine is not only 
through antagonism with ARs, but some other mecha-
nisms like the NO-cGMP pathway can be involved too 
(Kayir & Uzbay, 2004; Orrú et al., 2013). Therefore, our 
study investigated the effects of acute caffeine adminis-
tration on the NP threshold. The rule of the NO pathway 
was also considered.

Highlights 

• Caffeine had protective effects on neuropathic pain (NP) in rats with chronic constriction injury via nitric oxide (NO) 
pathway.

• Different doses of caffeine showed either pronociceptive or antinociceptive effects in rats with chronic constriction 
injury;

• L-NAME and L-arginine use before caffeine use reduced allodynia in rats with chronic constriction injury. 

Plain Language Summary 

NP is a long-lasting condition caused by damage to the nervous system resulting in unusual pain responses, such as 
feeling pain in response to things that should not hurt (allodynia) or experiencing an increase in response to painful 
stimuli (hyperalgesia). Although treatment methods such as the use of opioids and antidepressants are available, they 
often have side effects and may not fully relieve pain. Caffeine that is found in coffee and tea, may help alleviate pain, 
possibly by blocking certain receptors in the body called adenosine receptors, especially the A2A type. Caffeine might 
also affect nitric oxide production, which plays a role in how we experience pain. In our study, we investigated how 
caffeine affects neuropathic pain level in male Wistar rats. We induced neuropathic pain through surgery and then 
treated it with different doses of caffeine. Our findings showed that caffeine had different significant effects on pain, 
depending on the dosage. While low doses increased pain sensitivity, high doses led to pain relief. This research suggests 
that caffeine may help to reduce pain by lowering NO production which, in turn, reduces other pain-related substances. 

N
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2. Materials and Methods

Animals 

A total of 88 male Wistar rats weighing 220–250 g were 
used in this study. Three or four rats were placed in every 
cage and kept at a 12 h light/dark cycle at a temperature of 
22±2 °C and humidity-controlled of 55±5%. Water and food 
were available ad libitum. All experiments were carried out 
in accordance with Directive 2010/63/EU on the protection 
of animals used for scientific purposes and approved by the 
Ethics Committee of Kashan University of Medical Sciences. 

Drugs

Caffeine, L-NAME, and L-arginine were purchased 
from Sigma-Aldrich Company. The drugs were diluted 
with normal saline and administered intraperitoneally. 

Neuropathic pain model

We used the animal model of chronic constriction injury 
(CCI) described previously (Bennett & Xie, 1988). The 
subjects were anesthetized with a mixture of xylazine (10 
mg/kg) and ketamine (50 mg/kg) (Verdi et al., 2013). The 
common portion of the left sciatic nerve was exposed and 
separated from the adjacent connective tissue. Four liga-
tures (4-0 intestinal chrome) were loosely tied around the 
nerve so as not to interrupt blood circulation through the 
superficial epineural vessels. After surgery, every rat was 
separately placed in a cage (Verdi et al., 2013).

Animal groups 

The study protocol included 11 groups of rats compris-
ing 8 animals in each group. Three control groups have 
entered the study. One group served as age-matched non-
ligation control (CON). Two control groups of rats were 
subjected to the sciatic nerve ligation with (CCI+saline) 
or without (CCI) saline administration. The sham group 
(sham) experienced similar surgery, except that the left 
sciatic nerve was exposed with no ligation. Three groups 
of CCI animals received 10 (Caf.10), 50 (Caf.50), and 
100 (Caf.100) mg/kg caffeine; two groups of rats were 
administered 100 mg/kg L-arginine (L-ARG) and 30 
mg/kg L-NAME (L-NAME). 

Also, two groups of animals were pre-treated with 30 
mg/kg L-NAME (L-NAME+Caf) and 100 mg/kg L-ar-
ginine (L-ARG+Caf) 30 minutes before administration 
of the effective dose of caffeine (50 mg/kg) (Pottabathini 
et al., 2015). The same groups of animals were intro-
duced to all tests. 

Allodynia and hyperalgesia

The mechanical and cold stimulations were applied 
with von Frey filaments and acetone, respectively. Ra-
diant heat was used as thermal stimulation to induce a 
hyperalgesia test. The medial plantar surface of the left 
hind paw was used to apply the stimulations.

Experimental design 

The animals were introduced to the behavioral tests 
4, 7, 14, 21, and 28 days after surgery. The subjects got 
used to the test environment at least 15 minutes before 
beginning the test (Hamidi et al., 2006). 

Assessment of heat hyperalgesia 

A plantar test device was used to evaluate paw with-
drawal delay in response to radiant heat (Ugo Basile, 
Varese, Italy). As a heat source, an infrared light was 
transmitted from under the mid-plantar surface of the left 
hind paw. The delay (seconds) between the onset of the 
thermal stimulus and paw withdrawal was considered 
thermal withdrawal latency (Banafshe et al., 2012; Ben-
nett & Xie, 1988). A 22-second cut-off time was used to 
avoid any damage to the tissue. Each trial was performed 
alternately three times with an interval of 5-10 minutes 
to prevent sensitization for the injured and non-injured 
paw in the control group (Banafshe et al., 2012). 

Assessment of mechanical allodynia 

Mechanical allodynia was evaluated as described previ-
ously (Chen et al., 2018; Mohammadifar et al., 2021). The 
effects of weak stimulation of von Frey fibers (force ranging 
from less than 2 to 60 g) were studied to assess the involve-
ment of low-threshold fibers in nociceptive behavior before 
and after CCI. These stimulations are considered harmless 
because they usually provoke activity in low-threshold 
mechanoreceptors. The rats were placed on a mesh floor 
(0.8×0.8 cm cell), shielded by a transparent plastic box 
(18×18×25 cm), and allowed to explore for 15 minutes or 
when exploratory behavior finished. Sequences of von Frey 
fiber stimulation were applied in a rising order of forces to 
the hind paw plantar surface. The von Frey filament stimu-
lation was applied in three consecutive trials, pressing 
down on the hind paw until the animal withdrew its paw 
or the filament bent. Paw lifting was ignored due to natural 
locomotor behavior. The withdrawal threshold was calcu-
lated for the smallest fiber size that induced at least two 
withdrawal responses through three consecutive trials us-
ing the same filament. Each stimulation was applied for 
approximately 1 s with an interstimulus interval of 5 s.
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Assessment of cold allodynia (acetone test)

The modified acetone spray test was used for cold al-
lodynia assessment (Yoon et al., 1994). While the rats 
stood on the perforated floor, 250 μL of acetone was 
sprayed onto the plantar skin using a smooth needle at-
tached to a syringe. The trial was repeated 5 times (with 
an interval of 3 minutes) to the left paw. Withdrawal 
frequency is determined as a percentage (number of 
withdrawals/number of trials ×100) (Banafshe et al., 
2014; Seltzer et al., 1990).

Statistical analysis 

The obtained data were analyzed by a 2-way analysis 
of variance (ANOVA). The Tukey test was applied as 
post hoc. Between-group differences were considered 
significant with a P<0.05. The data are presented as 
Mean±SEM.

3. Results

Heat hyperalgesia in the CCI group

With the application of the radiant heat on the hind 
paw, the animals lifted their feet and showed aversive 
behaviors such as shaking, trapping, or licking the af-
fected paw. Figure 1A reports the heat hyperalgesia af-
ter CCI injury in the control groups. Statistical analysis 
indicated a significant difference between the testing 
groups (F(3, 28)=99, P=0.0001). The sham group dis-
played an analogous withdrawal latency with the CON 
animals. Also, no significant difference was evident be-
tween the behavior of the CCI and CCI+saline groups. 
The CCI group significantly decreased the withdrawal 
latency in response to heat stimulation on days 4, 7, 21, 
28 (P<0.001), and 14 (P<0.01), compared to the sham 
group. 

The effect of caffeine on the heat hyperalgesia

A considerable difference was found between the 
caffeine and vehicle-treated groups (F(3, 28)=52.818, 
P=0.0001). The Caf.10 group resembled the CCI+saline 
group in the heat hyperalgesia test. The withdrawal la-
tency increased at day 4 in the Caf.50 rats (P<0.001). 
The maximum effect of caffeine was observed in the 
dose of 100 mg/kg, where the Caf.100 group showed 
a considerably increased withdrawal latency on days 7 
(P<0.001), 14, 28 (P<0.05), and 21 (P<0.01) compared 
to the CCI+saline group. We selected the dose of 50 
mg/kg as the minimum effective concentration of caf-
feine to investigate the possible role of the NO-cGMP 

signaling pathway. Figure 1B illustrates the acute ad-
ministration of caffeine on the pain threshold in heat 
hyperalgesia.

The effect of NO-cGMP signaling pathway on 
heat hyperalgesia

General statistics indicated a possible involvement 
of the NO-cGMP signaling pathway in the heat hyper-
algesia test (F(3, 28)=35.78, P=0.0001). Treatment with 
L-NAME significantly attenuated hyperalgesia on days 
14 (P<0.05), 21 (P<0.001), and 28 (P<0.01) in the L-
NAME group compared to the CCI+saline group. Fur-
thermore, L-NAME+Caf significantly reduced hyper-
algesia on days 4 (P<0.01), 7 (P<0.01), 14 (P<0.01), 21, 
and 28 (P<0.001). Moreover, compared with the Caf.50 
group, the L-NAME+Caf group reduced the heat hy-
peralgesia on days 14 (P<0.01), 21, and 28 (P<0.001). 
A significant variation was also found between the 
L-NAME+Caf and the L-NAME groups on day 4 
(P<0.05). Figure 1C shows the effect of L-NAME or 
L-NAME+Caf on heat hyperalgesia. The data analysis 
showed that L-arginine or L-arginine+caffeine signifi-
cantly influenced the heat hyperalgesia threshold (F(3, 

28)=26.312, P<0.001, Figure 1D). The animals treated 
with L-ARG or L-ARG+Caf showed no significant 
difference in paw withdrawal latency compared to the 
CCI+saline group. The L-ARG+Caf group showed 
significantly reduced withdrawal latency on day 4 
(P<0.01) compared to the Caf.50 group. L-ARG+Caf 
revealed no significant difference with the L-ARG 
group.

Mechanical allodynia

Before surgery, the subjects rarely responded, even to 
the intense von Frey filament. Still, after the CCI proce-
dure, the ipsilateral hind paw was sensitive to mechani-
cal stimuli even with weak stimulations. 

The statistical analysis showed a substantial variation 
between the testing groups (F(3, 28)=11.96, P=0.0001). 
The CON and sham groups showed an analogous pat-
tern of behavior in the mechanical allodynia test. The 
response to the mechanical stimulus was markedly in-
creased in the CCI compared to sham rats on days 21 
(P<0.01) and 28 (P<0.01). The CCI and CCI+saline 
groups also showed a similar response to this test. Fig-
ure 2A compares the results of the mechanical allodyn-
ia test in different groups.
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Figure 1. Heat hyperalgesia after CCI injury 

A) Hyperalgesia in CCI rats and sham animals (**P<0.01, ***P<0.001 CCI vs sham group)

B) Effect of different doses of Caf (10, 50, and 100) on hyperalgesia (***P<0.001 Caf.50 vs CCI+saline group, &P<0.05, &&P<0.01, 
&&&P<0.001 Caf.100 vs CCI+saline group)

C) Effect of L-NAME or L-NAME+Caf on hyperalgesia (***P<0.001, Caf.50 vs CCI+saline group, &P<0.05, &&P<0.01, &&& P<0.001, 
L-NAME vs CCI+saline group, ^^P<0.01, ^^^P<0.001, L-NAME+Caf vs CCI+saline group, ++P<0.01, +++P<0.001, L-NAME+Caf 
vs Caf.50 group. #P<0.05 L-NAME+Caf vs L-NAME group) 

D) Effect of L-ARG or L-ARG+Caf on hyperalgesia (***P<0.001, Caf.50 vs CCI+saline group, ++P<0.01, L-ARG+Caf vs Caf.50 
group)
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Figure 2. Mechanical allodynia after CCI injury 

A) Mechanical allodynia in CCI rats and sham animals (**P<0.01 CCI vs sham group)

B) Effect of different doses of Caf (10, 50, and 100) on mechanical allodynia (*P<0.05, ***P<0.001 Caf.50 vs  CCI+saline group, 
&P<0.05, &&&P<0.001 Caf.100 vs CCI+saline group) 

C) Effect of L-NAME or L-NAME+Caf on mechanical allodynia (*P<0.05, ***P<0.001 Caf.50 vs CCI+saline group, &P<0.05, 
&&&P<0.001 L-NAME vs CCI+saline group, ^P<0.05, ^^^P<0.001 L-NAME+Caf vs CCI+saline group)

D) Effect of L-ARG or L-ARG+Caf on mechanical allodynia (*P<0.05, ***P<0.001 Caf.50 vs CCI+saline group)
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Figure 3. Cold allodynia after CCI injury 

A) Cold allodynia in CCI and sham animals (***P<0.001 CCI vs sham group) 

B) Effect of Caf (10, 50, and 100) on cold allodynia (*P<0.05, **P<0.01, ***P<0.001 Caf.10 vs CCI+saline group) 

C) Effect of L-ARG or L-ARG+Caf on cold allodynia (*P<0.05, **P<0.01, L-ARG+Caf vs CCI+saline group, ##P<0.01, ###P<0.001, 
L-ARG+Caf vs Caf.50 group, &P<0.05 L-ARG+Caf vs L-ARG group)

D) Effect of L-NAME or L-NAME+Caf on cold allodynia (*P<0.05, **P<0.01, L-NAME vs CCI+saline group, &P<0.05, &&P<0.01 
L-NAME+Caf vs CCI+saline group, ++P<0.01, +++P<0.001, L-NAME+Caf vs Caf.50 group)
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The effect of caffeine on the mechanical allodynia

A generally significant difference was evident be-
tween the caffeine-administered groups’ responses to 
the mechanical allodynia test (F(3, 28)=11, P=0.0001). The 
Caf.10 group showed a negligible difference from the 
CCI+saline group in the withdrawal threshold. However, 
the withdrawal threshold was increased in the Caf.50 and 
Caf.100 groups on days 14 (P<0.001) and 28 (P<0.05), 
compared with the CCI+saline group (Figure 2B).

The effect of NO-cGMP signaling pathway on the 
mechanical allodynia

Analysis of variance indicated a significant behav-
ioral variation when applying L-NAME (F(3, 28)=10.09, 
P=0.0001). The L-NAME and L-NAME+Caf groups sig-
nificantly attenuated the response to the allodynia test on 
days 14 (P<0.001) and 28 (P<0.05) in comparison to the 
CCI+saline group. However, the L-NAME+Caf group 
showed no difference in the paw withdrawal threshold 
with both L-NAME and Caf.50 rats (Figure 2C).

Statistics showed that L-arginine does not consider-
ably influence the mechanical allodynia (F(3, 28)=4.08, 
P=0.03). 

The animals treated with L-ARG or L-ARG+Caf did 
not show a significant difference in paw withdrawal 
threshold compared to the CCI+saline group. More-
over, there was no significant difference between the L-
ARG+Caf and L-ARG and Caf.50 groups (Figure 2D).

Cold allodynia

While the animals were not responsive to the acetone 
application before surgery, the ipsilateral hind paw 
showed a high sensitivity to the acetone test after the 
CCI procedure. The acetone application caused rats to 
rapidly withdraw the affected foot (with a delay of about 
0.2–0.3 s) and then shake, trap, or lick it. 

Statistical analysis showed a significant difference 
between the groups testing for the cold allodynia (F(3, 

28)=151.6, P=0.0001). The results indicate that the dif-
ference in allodynia between the CON and sham groups 
is not significant. However, an increased withdrawal 
frequency was observed in the CCI compared to sham 
groups on testing days 4, 7, 14, and 21 (P<0.001). The 
CCI and CCI+saline groups similarly behaved in the 
cold allodynia test. Figure 3A illustrates the cold allo-
dynia in the control groups. 

The effect of caffeine on the cold allodynia

The data analysis showed a substantial variation be-
tween different groups under caffeine treatment (F(3, 

28)=35.78, P=0.0001). The Caf.10 rats increased the with-
drawal frequency on days 14 (P<0.05), 21 (P<0.001), 
and 28 (P<0.01), compared with the CCI+saline group. 
However, the other caffeine-treated Caf.50 and Caf.100 
groups responded similarly to the cold allodynia, as did 
the CCI+saline group (Figure 3B).

The effect of NO-cGMP signaling pathway on the 
cold allodynia

The statistical evaluation showed the effect of L-ARG 
or L-ARG+Caf on cold allodynia. Analysis of variance 
showed that L-arginine administration significantly un-
derlies the withdrawal frequency in the cold allodynia 
testing (F(3, 28)=10.08, P=0.0001). The L-ARG group 
showed no significant difference in withdrawal frequen-
cy compared to the CCI+saline group. The L-ARG+Caf 
animals noticeably reduced the withdrawal frequency 
on days 4 (P<0.01), 7 (P<0.05), and 21 (P<0.05) com-
pared to the CCI+saline group. The L-ARG+Caf rats 
appeared to have a significant reduction in the with-
drawal frequency on days 4 (P<0.01), 7 (P<0.001), and 
21 (P<0.01) compared to the Caf.50 group. Also, the 
L-ARG+Caf animals displayed a marked reduced with-
drawal frequency on day 4 (P<0.05) compared to the L-
ARG group (Figure 3C).

We found that the L-NAME application effective-
ly affected the mechanical allodynia (F(3, 28)=20.02, 
P=0.0001). Treatment with L-NAME significantly atten-
uated the withdrawal frequency on days 4 (P<0.05) and 
7 (P<0.01) in the L-NAME compared to the CCI+saline 
group. Also, the L-NAME+Caf group significantly re-
duced the withdrawal frequency on days 4 (P<0.05), 7 
(P<0.01), 14 (P<0.01), and 21 (P<0.05) compared to the 
CCI+saline group. Moreover, L-NAME+Caf signifi-
cantly reduced allodynia on days 4 and 21 (P<0.01), 7, 
14, and 28 (P<0.001) compared with the Caf.50 group 
(Figure 3D).  

4. Discussion

The finding of this study indicated that caffeine at a 
dose of 10 displays a pronociceptive effect. Conversely, 
the doses of 50 and 100 of caffeine show antinocicep-
tive effects. Whereas L-NAME alone or pre-treated with 
caffeine has an antinociceptive impact, L-ARG pre-
treatment with caffeine increased heat hyperalgesia and 
decreased cold allodynia.
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Caffeine is an antagonist of ARs, and its main targets 
are A1 and A2A subtype receptors (Carrillo & Benitez, 
2000). Adenosine displays its analgesic role by activat-
ing A1 receptors in the nervous system. On the other 
hand, the A2A receptor shows both pronociceptive and 
antinociceptive effects (Sawynok, 2016; Vincenzi et al., 
2020; Yamamoto et al., 2003; Zahn et al., 2007). A1 re-
ceptors are found on peripheral sensory nerve endings in 
the spinal cord’s dorsal horn and supraspinal structures 
involved in pain processing (Vincenzi et al., 2020). A2 
receptors are located on inflammatory and immune cells 
and are considered targets for inflammatory and immune 
conditions (Sawynok, 2016). In the CNS, they are ex-
pressed in pre- and post-synaptic neurons in the brain 
(Antonioli et al., 2014; Popoli & Pepponi, 2012). The 
results of this study show that the lowest dose of caf-
feine had a pronociceptive effect and increased the cold 
allodynia. Consistent with our findings, it is shown that 1 
to 10 mg/kg of caffeine increases hyperalgesia and allo-
dynia (Esser & Sawynok, 2000; Wu et al., 2006). More-
over, heat hyperalgesia was exacerbated in the A1 recep-
tors knockout mice (Wu et al., 2005). The hyperalgesic 
effects of the minimum dose of caffeine may be due to 
the antagonizing effect on A1 receptors (Sawynok et al., 
2008; Sawynok et al., 2010). We showed that acute caf-
feine administration at 50 and 100 mg/kg doses reduces 
heat hyperalgesia and mechanical allodynia. Numerous 
studies confirm our results in that some doses of caf-
feine show antinociceptive effects (López et al., 2006; 
Shapiro, 2008; Wu et al., 2006). Blockade of A2A recep-
tors is one of the proposed mechanisms of analgesic ef-
fects of caffeine. Consistently, hypoalgesia was reported 
in mice lacking the A2A receptors (Ledent et al., 1997). 
Both central and peripheral A2A receptors are involved 
in pain facilitation and play a crucial pronociceptive role 
(Sawynok, 2016). It has been proposed that caffeine at 
a 100 mg/kg dose has a more inhibitory effect on A2A 
receptors. In this context, caffeine revealed a dose-de-
pendent anti-hyperalgesia, and the maximal effect was 
achieved at a dose of 100 mg/kg. Overall, our findings 
suggest that the effect of caffeine on hyperalgesia is 
partly due to its dose-dependent effect on A1 receptors 
or A2A receptors (Sawynok et al., 2010; Wu et al., 2006). 
Caffeine can modulate pain mainly through antagonism 
of ARs (Davis & Green, 2009; Massey et al., 1994; Ri-
beiro & Sebastiao, 2010). Activation of A2A receptors 
leads to increased NO production; therefore, high-dose 
caffeine’s antagonizing effect (50 and 100 mg/kg) may 
lead to decreased NO production (Esmaili & Heydari, 
2019). Some evidence indicates that NO is involved in 
the development of N (Chauhan et al., 2018; Miller et 
al., 2014; Zhao et al., 2018). To further investigate the 

role of the NO-cGMP pathway, we applied L-arginine 
as NO releasers and L-NAME (non-selective NOS in-
hibitor). The administration of L-NAME before caffeine 
decreased susceptibilities to heat hyperalgesia and cold 
and mechanical allodynia. Also, L-arginine administra-
tion before caffeine increased heat hyperalgesia. These 
findings suggest that the pain attenuation effects of L-
NAME might be mediated through an inhibitory effect 
on NOS isoforms and, subsequently, NO production. An-
other proposed mechanism to explain the antihyperalge-
sia effect of caffeine is the reduction of cyclooxygenase 
(COX-2) and prostaglandin E (PGE2). In this context, 
caffeine inhibits the synthesis of PGE2 and COX-2 in rat 
microglial cells (Fiebich et al., 2000). In addition, caf-
feine potentiates the antihyperalgesic effects of nonste-
roidal anti-inflammatory drugs (NSAIDs) (Abou-Atme 
etal., 2019). Hyperalgesia is mainly associated with in-
creased expression of COX-2 and local production of 
PGE2 (Li et al., 2018). The inhibitory effect of caffeine 
on COX-2 and reduced synthesis of PGE2 may contrib-
ute to the antihyperalgesic effect of caffeine (Fiebich et 
al., 2000). Interestingly, there is an interaction between 
NO and PGE2, so NO increases the production of PGE2 
(Ilari et al., 2020). 

5. Conclusion

In conclusion, our findings suggest that decreased NO 
production in the presence of caffeine may contribute to 
reducing PGE2 and subsequent antihyperalgesia. The 
NO-cGMP pathway’s involvement in modifying pain 
threshold might be a possible mechanism for caffeine. 
Elucidating the cause of the opposite effects of different 
doses of caffeine on pain requires further research.
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