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Abstract

The L-arginine/nitric oxide (NO)/cyclic guanosine monophosphate (cGMP) pathway has been implicated as a molecular mecha-
nism of antinociception produced by several antinociceptive agents, including μ-, κ-, and δ-opioid receptor agonists, nonsteroidal 
analgesics, cannabinoids, cholinergic agents, and α2C adrenoceptor agonists. In this study, we investigated whether cafestol and 
kahweol, both diterpenes present in coffee bean oil, could also activate the L-arginine/NO/cGMP pathway to elicit peripheral antino-
ciception. The nociceptive threshold was measured by the rat paw pressure test, and the hyperalgesia was induced by intraplantar 
(i.pl.) injection of prostaglandin E2 (2 μg/paw). All drugs were locally administered (i.pl.) into the right hindpaw of male Wistar rats. 
The results showed that cafestol and kahweol (40 and 80 μg/paw) elicited a local antinociceptive effect, which was antagonized 
by the nonselective NO synthase (NOS) inhibitor L-NOArg (36 and 48 μg/paw) and by the selective neuronal NOS inhibitor L-NPA 
(36 and 48 μg/paw). However, selective endothelial and inducible NOS inhibitors L-NIO and L-NIL (96 μg/paw), respectively, did 
not alter the cafestol- and kahweol-induced peripheral antinociception. In addition, the soluble guanylyl cyclase inhibitor ODQ (50 
and 100 μg/paw) blocked the action of cafestol, and the cGMP-phosphodiesterase inhibitor zaprinast (50 μg/paw) potentiated the 
antinociceptive effects of intermediate-dose (40 μg/paw) of these diterpenes. Furthermore, we found an increase in nitrite levels in 
rat paw homogenate, indicating that exogenous cafestol and kahweol induced NO release. Thus, our results suggest that both cafestol 
and kahweol stimulate the L-arginine/NO/cGMP pathway via neuronal NOS to induce peripheral antinociception.
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Introduction

It is being increasingly acknowledged that foods and beverages contain non-nutritional constituents that may possess biological 
activities with beneficial health effects, such as antinociceptive and anti-carcinogenic properties [1,2]. The full assessment of such food 
components requires a thorough investigation of both efficacy and safety.
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Cafestol and kahweol are examples of such biologically active food components. Kahweol and its dehydro derivative, cafestol (Figure 
1), are naturally occurring diterpenes found only in the unsaponifiable lipid fraction of coffee. The levels of cafestol and kahweol in a 
coffee drink are significantly influenced by the brewing method. These diterpenes are extracted from ground coffee during brewing but 
are mostly removed by paper filters. Turkish, Scandinavian, and French press (cafetière) style coffees contain high levels of cafestol and 
kahweol, while filtered, percolated, and instant style coffees contain low levels of these diterpenes [3].

Figure 1: Chemical structure of cafestol and kahweol.

Cafestol and kahweol have been shown to exhibit both adverse and chemoprotective properties. It is well documented that a mixture of 
these diterpenes increases blood cholesterol in both human and animal models [4]. However, animal studies have shown that cafestol and 
kahweol also protect against well-known carcinogens [5]. The chemoprotective effects of cafestol and kahweol have thus far been linked 
to beneficial modifications in xenobiotic metabolism [6,7], antiangiogenic properties [8], and induction of apoptosis [9-11].

Prostaglandin E2 (PGE2) is the principal pro-inflammatory prostanoid, and it primarily contributes to one of the key features of 
inflammation: pain hypersensitivity [12]. Cafestol has inhibitory activity on PGE2 production in vitro [13-15], suggesting anti-inflammatory 
and analgesic activity for this diterpene. Studies have also shown that kahweol may suppress cell adhesion molecule expression, 
inhibit cyclooxygenase-2 and inducible nitric oxide synthase expression in macrophages via suppression of the pro-inflammatory 
transcription factor NF-kB in vitro, reducing PGE2 and NO levels [16,17]. In addition, Guzzo., et al. [18-20] demonstrated, for the first 
time, the antinociceptive effect of cafestol and kahweol and proposed that both diterpenes induce peripheral antinociception by releasing 
endogenous opioid peptides and noradrenaline.

It is well established that the L-arginine/nitric oxide (NO)/cyclic guanosine monophosphate (cGMP) pathway has an important role in 
the peripheral antinociception induced by μ- [21,22], κ- and δ-opioid receptor agonists [23,24]. Based on these observations, the present 
study investigated the involvement of the L-arginine/NO/cGMP pathway in mediating the peripheral antinociception caused by cafestol 
and kahweol. 

Materials and Methods

Animals

All experiments were performed on 180 - 220g male Wistar rats (from CEBIO-UFMG). The rats were housed in a temperature-controlled 
room (23 ± 1°C) on an automatic 12h light/dark cycle (06:00 - 18:00h). All tests were conducted during the light phase (08:00 - 15:00h). 
Food and water were freely available until the onset of the experiments. All animal procedures and protocols were approved by the Ethics 
Committee on Animal Experimentation (CETEA) of the Federal University of Minas Gerais (UFMG), protocol 50/2013.
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Measurement of hyperalgesia

Hyperalgesia was induced by subcutaneous injection of PGE2 (2 μg) into the plantar surface of the hind paw. Hyperalgesia was measured 
according to the paw pressure test [25,26]. An analgesimeter (Ugo-Basile, Italy) was used, fitted with a cone-shaped paw-presser with a 
rounded tip, which applies a linearly increasing force to the hind paw. The weight in grams (g) required to elicit the nociceptive response 
of paw flexion was determined as the nociceptive threshold. A cut-off value of 300g was used to reduce the possibility of paw damage. 
The nociceptive threshold was measured in the right paw and defined as the average of the three consecutive trials recorded before and 
3h after the PGE2 injection. The threshold was calculated as the difference between these two averages (Δ of nociceptive threshold) and 
is expressed in grams.

Drugs and substances

The following drugs were used in the present study: cafestol acetate (Caf; Sigma, St. Louis, MO), kahweol (Axxora, San Diego, CA, USA), 
NG-Nitro-L-arginine (L-NOArg; RBI, USA), NW-Propyl-L-arginine (L-NPA; Sigma), N5-(1-Iminoethyl)-L-ornithine dihydrochloride (L-NIO; 
Sigma), and N6-(1-Iminoethyl)-L-lysine hydrochloride (L-NIL; Sigma) were dissolved in isotonic saline. ODQ (1H-[1,2,4]Oxadiazolo[4,3a] 
quinoxalin-1-one; RBI) and Zaprinast (1,4-Dihydro-5-[2-propoxyphenyl]-7H-1,2,3-triazolo [4,5d] pyrimidine-7-one; Sigma) were 
dissolved in 10% dimethylsulfoxide (DMSO), and PGE2 (Sigma) was dissolved in 2% ethanol in saline. All drugs were administered 
subcutaneously using an injected volume of 50 ml/paw, with the exception of PGE2, where an injected volume of 100 ml/paw was used.

Experimental protocol

Both cafestol and kahweol were administered subcutaneously in the right hind paw 2:55h after local injection of PGE2. In the protocol 
used to determine whether cafestol and kahweol were acting outside the injection paw, PGE2 was injected into both hindpaws, while 
cafestol and kahweol were singly administered 2:55h later into the left paw, after which the nociceptive threshold was measured in 
the right paw. L-NOArg, L-NPA, L-NIO, and L-NIL were administered 30 minutes before cafestol or kahweol; ODQ and zaprinast were 
administered 10 and 60 minutes, respectively, before cafestol or kahweol. 

The protocols for the dose and timing of administration of each drug used in this study were derived from the literature and pilot 
experiments. Overall, two experimenters were necessary to conduct these experiments, with measurements made by one unaware of the 
treatments.

Nitrite determination

Nitrite (NO2
-) levels were measured using the Griess reaction [27]. Cafestol (80 μg/paw) and kahweol (80 μg/paw) were administered 

2:55h after local administration of PGE2 (2 μg). After 5 minutes, the animals were killed by cervical dislocation, and the plantar surface 
of the rat paw was collected. This tissue from each animal was homogenized in 900 μl of homogenization buffer containing the following: 
30 mM Tris-HCl, pH 6.8, 5 mM EDTA, 250 mM sucrose, 30 mM KCl, 2% â-mercaptoethanol, PMSF (100 ìg/ml), benzamidine (5 ìg/ml), 
aprotinin (2 ìg/ml), and leupeptin (2 ìg/ml). Samples were then centrifuged (12,000g, 4°C, 15 minutes). Briefly, 100 μl of the homogenate 
was applied to a microliter plate well, followed by 100 μl of Griess reagent [0.2% (w/v) naphthyleneethylenediamine and 2% (w/v) 
sulfanilamide in 5% (v/v) phosphoric acid]. After 10 minutes of color development at room temperature, the absorbance was measured 
with a microplate reader (Titertek Multiskan MCC/340, Flow Lab, McLean, VA) at 545 nm. Each sample was assayed in duplicate wells. 
The NO2

- standard reference curves were made with sodium NO2
- in distilled water at concentrations of 100, 50, 25,12.5, 6.25, 3.13, and 

1.56 M. The assay’s detection limit is ~1.5 mol/L in distilled water.

Statistical analysis

All results are presented as means ± SEM. The data obtained from the nitrite determination were evaluated using Student’s t-test, and 
the other data were analyzed using one-way analysis of variance (ANOVA) and the post hoc Bonferroni test for multiple comparisons. 
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Probabilities of less than 5% (P ˂  0.05) were considered to be statistically significant. Statistical analyses were performed using GraphPad 
Prism version 5.0 for Windows (GraphPad Software, San Diego, CA, USA).

Results

Peripheral antinociceptive effect of cafestol and kahweol

The administration of cafestol and kahweol (40 and 80 μg) into the right hind paw produced an antinociceptive response (P < 0.05) 
against PGE2-induced hyperalgesia (2 μg/paw) in a dose-dependent manner (Figure 2A and 2B). Cafestol and kahweol at the 20 μg or 
vehicles did not alter (P > 0.05) the PGE2-induced hyperalgesia. Cafestol and kahweol, even at the highest dose (80 μg/paw), did not 
alter (P > 0.05) the animals’ baseline threshold in the absence of hyperalgesia (left paw). Although the 80 μg/paw dose of cafestol and 
kahweol reversed the hyperalgesia induced by PGE2, this dose alone did not alter the nociceptive threshold (Figure 2A and 2B). When 
administered into the left paw, cafestol and kahweol at a dose of 80 μg did not produce an antinociceptive effect in the right paw, indicating 
that the effect is limited to a peripheral site of action (Figure 2A and 2B, inset).

Figure 2: Effect of cafestol and kahweol on PGE2-induced hyperalgesia in rats. Cafestol (A, Caf; 20, 40, and 80 μg/paw) and kahweol (B, 

Kah; 20, 40, and 80 μg/paw) were administered 2:55h after local administration of PGE2 (2 μg). Antinociceptive response was measured 

by the paw pressure test, as described in the Methods section. Each column represents the mean ± S.E.M. (n = 5). *indicates a significant 

difference from the (PGE2 + Veh 1)-injected group (P ˂ 0.05, ANOVA + the Bonferroni test). Veh 1 = DMSO 10% in saline, Veh 2 = Ethanol 

2% in saline. Inset: Exclusion of outside paw antinociceptive effect of both cafestol and kahweol. PGE2 (2 μg) was administered in both 

hindpaws, right (R) and left (L). Cafestol and kahweol (80 μg/paw) were administered 2:55 h after PGE2 in the left hind paw (Caf or Kah 

L paw). Antinociceptive responses were measured in the right hindpaw, as described in section experimental protocol. Each column  

represents the mean ± S.E.M (n = 5). 

Involvement of the L-arginine/NO/cGMP pathway in cafestol- and kahweol-induced peripheral antinociception

The antinociceptive effect of both cafestol and kahweol (80 μg/paw) was antagonized (P < 0.05) by the nonselective NOS inhibitor 
L-NOArg (36 and 48 μg/paw) in a dose-dependent manner. L-NOArg did not induce hyperalgesia or antinociception when used alone 
(Figure 3A and 3B). Similarly, the selective neuronal NOS (nNOS) inhibitor L-NPA (36 and 48 μg/paw) blocked the action of cafestol and 
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kahweol. L-NPA did not induce hyperalgesia or antinociception when given alone (Figure 4A and 4B). The selective endothelial (eNOS) and 
inducible (iNOS) inhibitors L-NIO and L-NIL (96 μg/paw) were not able to block the antinociceptive effect induced by cafestol and kahweol 
(Figure 5A and 5B). The soluble guanylyl cyclase inhibitor ODQ (50 and 100 μg/paw) abolished the antinociceptive effect of cafestol and 
kahweol in a dose-dependent manner and had no effect when injected alone (Figure 6A and 6B). The intraplantar administration of the 
cGMP-phosphodiesterase inhibitor zaprinast (50 μg/paw) potentiated the peripheral antinociceptive effect of cafestol and kahweol at the 
40 μg/paw dose. When administered alone, zaprinast did not alter the control groups (Figure 7A and 7B). 

Figure 3: Antagonism by L-NOArg of the peripheral antinociception induced by cafestol and kahweol in hyperalgesic paws (PGE2, 2 μg). 

L-NOArg (NOArg; 24, 36, and 48 μg/paw) was administered 30 minutes before cafestol (A, Caf; 80 μg/paw) and kahweol (B, Kah; 80 μg/

paw). Each column represents the mean ± S.E.M. (n=5). * and # indicate significant differences compared to (PGE2 + Veh 1 + Veh 2) and 

(PGE2 + Veh 1 + Caf 80 or Kah 80)-injected groups, respectively (P ˂ 0.05, ANOVA + the Bonferroni test). Veh 1 = Saline, Veh 2 = DMSO 10% 

in saline, Veh 3 = Ethanol 2% in saline.

Figure 4: Antagonism by L-NPA of the peripheral antinociception induced by cafestol and kahweol in hyperalgesic paws (PGE2, 2 μg). 

L-NPA (24, 36 and 48 μg/paw) was administered 30 minutes before cafestol (A, Caf; 80 μg/paw) and kahweol (B, Kah; 80 μg/paw). Each 

column represents the mean ± S.E.M. (n = 5). * and # indicate significant differences compared to (PGE2 + Veh 1 + Veh 2) and (PGE2 + Veh 

1 + Caf 80 or Kah 80)-injected groups, respectively (P ˂ 0.05, ANOVA + the Bonferroni test). Veh 1 = Saline, Veh 2 = DMSO 10% in saline, 

Veh 3 = Ethanol 2% in saline.
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Figure 5: Effect of intraplantar administration of L-NIO and L-NIL on peripheral antinociception induced by cafestol and kahweol in  

hyperalgesic paws (PGE2, 2 μg). L-NIO and L-NIL (96 μg/paw) were administered 30 min before cafestol (A, Caf; 80 μg/paw) and kahweol 

(B, Kah; 80 μg /paw). Each column represents the mean ± S.E.M. (n = 5). *Indicates significant differences compared to (PGE2 + Veh 1 + 

Veh 2)-injected group (P ˂ 0.05, ANOVA + the Bonferroni test). Veh 1 = Saline, Veh 2 = DMSO 10% in saline, Veh 3 = Ethanol 2% in saline.

Figure 6: Antagonism by ODQ of the peripheral antinociception induced by cafestol and kahweol in hyperalgesic paws PGE2 (2 μg). ODQ 

(μg/paw) was administered 10 minutes before cafestol (A, Caf; 80 μg/paw) and kahweol (B, Kah; 80 μg /paw). Each column represents 

the mean ± S.E.M. (n = 5). * and # indicate significant differences compared to (PGE2 + Veh 1 + Veh 2) and (PGE2 + Veh 1+ Caf 80 or Kah 

80)-injected groups, respectively (P ˂ 0.05, ANOVA + the Bonferroni test). Veh 1 = DMSO 10% in saline, Veh 2 = DMSO 10% in saline, Veh 

3=Ethanol 2% in saline.
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Figure 7: Increase in the peripheral antinociceptive effect of cafestol and kahweol by intraplantar administration of the cGMP-phospho-

diesterase inhibitor zaprinast (Zap, μg/paw). Zap was administered 60 minutes before cafestol (A, Caf; 80 μg/paw) and kahweol (B, Kah; 

80 μg/paw). * and # indicate significant differences compared to (PGE2 + Veh 1 + Veh 2) and (PGE2 + Veh 1 + Caf 80 or Kah 80)-injected 

groups, respectively (P ˂ 0.05, ANOVA + the Bonferroni test). Veh 1 = DMSO 10% in saline, Veh 2 = DMSO 10% in saline, Veh 3 = Ethanol 

2% in saline.

Effect of cafestol and kahweol on the NO2- levels in the homogenized plantar surface of the rat paw

Figure 8 shows that injection of cafestol and kahweol into the paw significantly increased NO2
- levels compared with the control group.

Figure 8: Effect of cafestol and kahweol injection on nitrite concentration [NO2-] in the homogenized paw tissue. Cafestol (A, Caf; 80 μg/

paw) and kahweol (B, Kah; 80 μg/paw were administered 2:55h after local administration of PGE2 (2 μg). The tissue of the plantar  

surface of the rat hind paw was collected 3 hours after local administration of PGE2. Each column represents the mean ± S.E.M. (n = 5). 

*Indicates a significant difference in comparison with (PGE2 + Veh 1)-injected group (P ˂ 0.05, Student's t test.). Veh = DMSO 10% in 

saline. 
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Discussion and Conclusion

Nitric oxide is synthesized from the oxidation of the terminal guanidine nitrogen of L-arginine, which is then converted into L-citrulline. 
This reaction is catalyzed by a family of enzymes known as NOS, which exists in three isoforms. There are two constitutive forms of the 
enzyme: neuronal NOS (nNOS) and endothelial NOS (eNOS), and an inducible form (iNOS) [28]. Once generated, NO activates the guanylate 
cyclase enzyme, which directly increases intracellular cGMP levels [29]. The L-arginine/NO/cGMP pathway has been proposed as a 
peripheral antinociception mechanism of many drugs, such as the nonsteroidal analgesic drugs dipyrone, ketorolac and diclofenac [30-
33]; the cholinergic agonist acetylcholine [34]; the angiotensin peptide Ang-(1-7) [35]; the anesthesic ketamine [36]; the α2 adrenoceptor 
agonist xylazine [37]; the cannabinoid agonist anandamide [38] and opioid agonists [21-24,39].

In the present study, the participation of the L-arginine/NO/cGMP pathway was evaluated in the peripheral antinociception induced by 
the injection of cafestol and kahweol into the rat paw PGE2-induced hyperalgesia test. Ferreira., et al. [40] showed that a single injection of 
PGE2 can sensitize nociceptors to chemical and mechanical stimuli. This method has an advantage over other hyperalgesic tests because it 
eliminates the possibility that the peripheral analgesic effect results from blocking the release or the action of mediators produced during 
the inflammatory process.

As previously demonstrated, both cafestol and kahweol exhibit potent peripheral antinociceptive effects [18-20]. To exclude the 
possibility that cafestol (80 μg/paw) and kahweol (80 μg/paw) produced antinociception by acting at sites outside the paw, we used 
the strategy of evaluating the efficacy of ipsilateral versus contralateral paw administration. PGE2 was administered to both hindpaws, 
thereby creating identical tissue conditions and an equal likelihood that the agents would reach sites beyond the injected paw. In this 
experiment, cafestol and kahweol proved ineffective at producing antinociception in the contralateral paw. This indicates that, at this 
dose (80 μg/paw), cafestol and kahweol only acted locally. For this reason, the dose of 80 μg/paw was used in subsequent experiments to 
evaluate the peripheral antinociceptive mechanism of cafestol and kahweol.

To investigate whether the antinociceptive effect of cafestol and kahweol is dependent on the L-arginine/NO/cGMP pathway, 
experiments based on NO biosynthesis were performed. 

In the present results, pretreatment with the nonspecific NOS inhibitor L-NOArg and the soluble guanylyl cyclase inhibitor ODQ 
antagonized the peripheral antinociceptive effect induced by cafestol and kahweol in a dose-dependent manner, suggesting that this effect 
was due to the induced formation of the second messenger NO and the consequent activation of soluble guanylyl cyclase. 

After confirming that NOS participates in the antinociception induced by both cafestol and kahweol, the possible involvement of 
specific NOS isoforms in this effect was then investigated. The results suggest that cafestol and kahweol specifically activate nNOS to 
produce NO. We excluded the possibility that eNOS and iNOS are involved in this process. Previous studies have shown that nNOS is the 
isoform involved in the peripheral antinociception induced by several analgesics, including opioid agonists [41], xylazine, acetylcholine, 
anandamide, and the nonsteroidal analgesics dipyrone and diclofenac [42]. The neuronal isoform of NOS is required for the central 
antinociceptive effect induced by nitrous oxide (N2O) in mice [43,44] and in the peripheral antinociceptive effects of the Crotalus durissus 
terrificus venom in a rat paw hyperalgesic model [45].

According to Koesling and Friebe [46], activation of guanylate cyclase converts guanosine 5’-triphosphate (GTP) to cGMP, thereby 
increasing intracellular cGMP levels and eliciting antinociception [30,47]. The cGMP action is limited by degradation via a specific 
phosphodiesterase [48]. Thus, the inhibition of cGMP hydrolysis could increase the action of substances that signal via cGMP [47]. In the 
present study, the cGMP phosphodiesterase inhibitor zaprinast was shown to enhance the antinociceptive effect of an intermediate dose 
of cafestol and kahweol, thereby validating our hypothesis.
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Previous studies have shown that after NOS-induced NO release, NO is rapidly oxidized to two stable breakdown products, NO2
- and 

NO3
- [49]. NO2

- levels are a good indirect measure of the NO levels [50]. In the present study, we verified that injection of cafestol and 
kahweol into the rat paw increases NO2

- levels, thereby strengthening our hypothesis.

Considering that cafestol and kahweol induce peripheral antinociception by releasing endogenous opioid peptides [20,21], and that 
opioid agonists can induce peripheral antinociception by activating the L-arginine/NO/cGMP pathway, we believe that both cafestol and 
kahweol lead to the release of endogenous opioids, subsequently causing the local generation of NO and cGMP.

The present study concludes that the L-arginine/NO/cGMP pathway and nNOS activation are involved in the peripheral antinociceptive 
effects induced by cafestol and kahweol.
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