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Abstract: Neuropathic pain remains a major clinical challenge due to its persistence and poor response to conventional 
analgesics. This experimental study aimed to evaluate the synergistic potential of cacao extract combined with pregabalin 
in modulating peripheral and central sensitization markers in a rat model of neuropathic pain induced by chronic 
constriction injury (CCI). Four groups were studied: control group (K-) received placebo, treatment group 1 (K1) received 
pregabalin 60mg/kgBW, treatment group 2 (K2) received pregabalin 60mg/kgBW + cacao extract 1mg/gBW, and 
treatment group 3 (K3) received pregabalin 30mg/kgBW + cacao extract 1mg/gBW. Serum levels of tumor necrosis 
factor-alpha (TNF-α) and brain expression of extracellular signal-regulated kinase (ERK) were assessed alongside 
mechanical allodynia using von Frey filament testing. The CCI + Placebo group showed marked elevations in TNF-α and 
ERK levels, accompanied by severe mechanical allodynia. Pregabalin monotherapy moderately reduced these markers and 
improved pain thresholds. The combination therapies produced the most substantial reductions in TNF-α and ERK 
expression and significantly improved von Frey thresholds, indicating attenuation of both peripheral inflammation and 
central sensitization. These results suggest a synergistic interaction between cacao polyphenols and pregabalin, offering 
enhanced anti-inflammatory and antinociceptive effects compared to pregabalin alone. The findings provide a basis for 
further preclinical investigations into the pharmacodynamic and pharmacokinetic profiles of this combination and 
highlight the potential of cacao extract as a safe, natural adjuvant in neuropathic pain management strategies. 
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INTRODUCTION 
Pain, both acute and chronic, remains a significant global health burden with substantial socioeconomic 
consequences. Acute postoperative pain, if inadequately managed, can evolve into chronic pain syndromes, 
impair recovery, prolong hospitalization, and reduce quality of life. On the other hand, neuropathic pain, 
resulting from nerve injury or dysfunction, is often persistent, poorly responsive to conventional analgesics, 
and associated with complex molecular alterations in the peripheral and central nervous systems. Despite the 
availability of pharmacologic agents such as opioids, NSAIDs, and anticonvulsants, their long-term use is 
limited by adverse effects including gastrointestinal complications, renal dysfunction, dependence, and 
tolerance. These limitations emphasize the urgent need for safer, effective, and targeted therapeutic strategies 
for pain management (Silva et al., 2022). 
Natural products have long been a rich source of bioactive compounds with diverse pharmacological activities, 
including analgesic and anti-inflammatory properties. Cacao (Theobroma cacao), widely consumed as food and 
beverage, contains abundant polyphenolic compounds, particularly flavonoids such as epicatechin, catechin, 
and procyanidins (Fathani et al., 2024). These phytochemicals have been extensively studied for their 
antioxidant, vasodilatory, and neuroprotective effects. More recently, cacao-derived flavonoids have garnered 
attention for their potential analgesic effects through modulation of inflammatory mediators and intracellular 
signaling cascades implicated in pain perception and propagation (Silva et al. 2022; Pangestu et al., 2022) 
Pain is mediated by intricate neuroimmune interactions and involves distinct but overlapping molecular 
pathways depending on its origin and duration (Zhao et al., 2021). In acute inflammatory pain, tumor 
necrosis factor-alpha (TNF-α) is a central cytokine secreted by activated macrophages and glial cells (Jin et al., 
2021). TNF-α contributes to peripheral sensitization by increasing nociceptor excitability and augmenting 
inflammatory responses at the injury site (H.-N. Li et al., 2021). Elevated TNF-α levels have been associated 
with heightened pain intensity and prolonged duration in both postoperative and inflammatory conditions 
(Zhao et al., 2021; Ammar et al., 2024). 
Neuropathic pain, in contrast, involves both peripheral and central sensitization (Christin et al., 2023) and 
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is marked by altered synaptic transmission and glial activation in the spinal cord and brain (Zhao et al., 2021). 
Key intracellular pathways, particularly the mitogen-activated protein kinase (MAPK) signaling cascade with 
a focus on extracellular signal-regulated kinase (ERK) are crucial in sustaining and intensifying neuropathic 
pain (Li et al., 2021; Ammar et al., 2024). MAPK activation contributes to hyperalgesia and allodynia by 
enhancing transcription of pro-inflammatory genes, increasing neuroinflammation, and modifying synaptic 
plasticity along pain pathways (Zhao et al., 2021). Inhibiting ERK pharmacologically has been shown to 
alleviate neuropathic pain symptoms in animal models, reinforcing its potential as a therapeutic target (Zhao 
et al., 2021; Jin et al., 2021). 
Although previous research has examined the anti-inflammatory and analgesic effects of cacao, most studies 
have focused on either peripheral or central mechanisms independently, lacking a comprehensive evaluation 
across multiple pain modalities (Silva et al., 2022). There remains a scarcity of integrative investigations 
assessing the efficacy of cacao extract in diverse pain models that involve distinct molecular mechanisms 
(Pangestu et al., 2022). Furthermore, the potential application of cacao as a pre-emptive analgesic for acute 
pain and as an adjuvant therapy in neuropathic pain has not been thoroughly explored (Silva et al., 2022) 
The present study aims to address this gap by investigating the multimodal analgesic properties of cacao 
extract in a chronic constriction injury (CCI) model of neuropathic pain (Edo et al., 2023). The study 
evaluates the synergistic effect of cacao extract administered in combination with pregabalin at full and 
reduced doses by measuring mechanical allodynia using von Frey testing, serum levels of tumor necrosis 
factor-alpha (TNF-α), and brain extracellular signal-regulated kinase (ERK) expression (Fathani et al., 2024,7]. 
This approach facilitates a focused analysis of peripheral and central mechanisms through which cacao may 
exert its analgesic effects. By targeting the TNF-α and ERK pathways, cacao extract holds promise as a novel 
phytotherapeutic agent with potential for enhancing neuropathic pain management (Ammar et al., 2024). 
The results from this investigation are expected to provide scientific rationale for developing cacao-based 
formulations as safe and effective adjuncts to conventional analgesics (Edo et al., 2023). 
The main objective of this study is to assess the analgesic efficacy of cacao extract combined with pregabalin 
in a neuropathic pain model and to elucidate its underlying molecular mechanisms, particularly through 
modulation of TNF-α and ERK signaling pathways. This study seeks to establish cacao extract as a feasible 
adjuvant candidate in neuropathic pain therapy and contribute to expanding knowledge on plant-derived 
bioactive compounds in pain pharmacology (Ammar et al., 2024).  
 
METHOD 
This experimental study was conducted using a randomized post-test-only control group design to evaluate 
the effects of cacao extract as an adjuvant to pregabalin in an animal model of neuropathic pain. The study 
targeted two primary biomarkers, tumor necrosis factor-alpha (TNF-α) and extracellular signal-regulated 
kinase (ERK), within the same neuropathic framework. All protocols were approved by the Animal Care and 
Use Committee of the Faculty of Veterinary Medicine, Universitas Airlangga. The study adhered to 
institutional and international standards on ethical animal experimentation, with strict compliance to 
humane handling, anesthesia, and euthanasia practices. 
Male mice (Mus musculus), aged between 8 and 12 weeks and weighing 25 to 30 grams, were utilized in both 
experimental protocols. Animals were acclimatized for seven days in a controlled laboratory environment, 
with ambient temperature maintained between 22 and 25 degrees Celsius and a 12-hour light/dark cycle. 
Mice were housed in standard cages, provided with free access to water and commercial rodent chow 
throughout the study. All animals were confirmed to be in healthy condition prior to the experimental 
procedures. 
Cacao extract used in this study was obtained from fermented Theobroma cacao beans, processed through 
maceration using 70% ethanol to obtain a crude flavonoid-rich extract. The extract was filtered, evaporated 
under reduced pressure, and stored at 4°C in a desiccated container. Prior to administration, the extract was 
suspended in 1% carboxymethyl cellulose (CMC) to ensure homogeneity and appropriate delivery via oral 
gavage. The selected doses were 0.5 mg/g and 1 mg/g of body weight, determined based on prior pilot studies 
and literature evidence suggesting their bioactivity in modulating inflammatory pathways. 
Neuropathic pain was induced using the chronic constriction injury (CCI) model, adapted from the standard 
Bennett and Xie procedure. Under general anesthesia induced with intraperitoneal injection of ketamine (75 
mg/kg) and xylazine (10 mg/kg), the sciatic nerve of the right hind limb was exposed through a blunt 
dissection at the mid-thigh level. Three ligatures using 6-0 chromic catgut were loosely tied around the nerve 
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with approximately 1 mm spacing between each knot, ensuring partial nerve constriction without complete 
occlusion of blood supply. 
The animals were randomly assigned to four groups with six rats per group: CCI rats receiving placebo (CMC 
vehicle), CCI rats receiving pregabalin full dose, CCI rats receiving pregabalin full dose combined with cacao 
extract, and CCI rats receiving pregabalin half dose combined with cacao extract. Identical grouping was 
applied to the ERK MAPK study, with only the primary molecular endpoints differing. All treatments were 
administered orally once daily for seven consecutive days, starting from the first day after surgery. 
Behavioral assessments were conducted on day 7 post-surgery using von Frey filament testing to evaluate 
mechanical allodynia as an indicator of neuropathic pain. Each animal was placed in a transparent acrylic 
chamber positioned on a wire mesh floor to allow filament application. Calibrated von Frey filaments ranging 
from 0.4 to 15 grams were applied to the plantar surface of the ipsilateral hind paw. A positive response was 
defined as a brisk paw withdrawal or licking behavior upon stimulation. The 50% paw withdrawal threshold 
was calculated using the up-and-down method, and lower thresholds were interpreted as increased pain 
sensitivity. 
At the conclusion of the treatment period, animals were deeply anesthetized using ketamine/xylazine and 
euthanized by decapitation for tissue and blood collection. For the TNF-α analysis, blood samples were drawn 
via cardiac puncture, allowed to clot, and centrifuged at 3000 rpm for 10 minutes to obtain serum. The serum 
samples were then stored at –80°C prior to analysis (Li et al., 2022). TNF-α levels were measured using a 
commercial enzyme-linked immunosorbent assay (ELISA) kit specific for rat TNF-α. All procedures followed 
the manufacturer’s instructions, and absorbance was read at 450 nm using a microplate reader. 
Concentration values were expressed in pg/mL based on a standard curve (Abbasi et al., 2023). 
For MAPK analysis, brain tissue was harvested immediately after sacrifice. The tissue was fixed in 10% 
buffered formalin, processed through graded alcohols, and embedded in paraffin. Four-micrometer sections 
were cut using a microtome and mounted on poly-L-lysine-coated slides (Li et al., 2022). 
Immunohistochemical staining was performed using antibodies against phosphorylated ERK1/2 to assess 
activation of intracellular signaling pathways. Following deparaffinization and antigen retrieval, sections were 
incubated with the primary antibody overnight at 4°C, followed by a secondary antibody and DAB substrate 
for visualization. Hematoxylin was used as a counterstain (Abbasi et al., 2023). The stained slides were 
analyzed under a light microscope, and the number of immunopositive cells per high-power field was 
quantified using ImageJ software. 
All collected data were analyzed using SPSS or GraphPad Prism software. Behavioral and biochemical results 
were presented as mean ± standard deviation. Statistical comparisons between groups were performed using 
one-way analysis of variance (ANOVA), followed by Bonferroni’s post hoc test when appropriate. A p-value 
of less than 0.05 was considered statistically significant. Graphs and tables were used to present comparative 
results in a clear and concise manner. 
All procedures involving live animals were conducted in strict accordance with ethical standards established 
by the Animal Care and Use Committee of the Faculty of Veterinary Medicine, Universitas Airlangga 
(Number: 2.KEH.33.03.2025). The research protocols involving cacao extract as an adjuvant to pregabalin in 
neuropathic pain models were reviewed, approved, and declared ethically feasible. The study design ensured 
the use of the minimum number of animals necessary to achieve statistical relevance and incorporated all 
feasible measures to reduce pain and distress during the experimental process.  
 
FINDINGS AND DISCUSSIONS 
Research Findings 
This study aimed to evaluate the effect of cacao extract as an adjuvant to pregabalin therapy on inflammatory 
and cellular markers in a rat model of neuropathic pain induced by chronic constriction injury (CCI). Two 
primary outcome measures were investigated: serum levels of tumor necrosis factor-alpha (TNF-α) and brain 
expression of extracellular signal-regulated kinase (ERK)-positive cells. The study involved four experimental 
groups, the control group (K-) will receive placebo, treatment group 1 (K1) receives pregabalin 60mg/KgBW, 
treatment group 2 (K2) receives pregabalin 60mg/kgBW + cacao extract 1mg/gBW, and treatment group 3 
(K3) receives pregabalin 30mg/kgBW + cacao extract 1mg/gBW. 
Serum TNF-α levels were markedly elevated in the CCI + Placebo group, indicating a robust systemic 
inflammatory response following nerve injury. Pregabalin monotherapy resulted in a moderate reduction of 
TNF-α levels, while the combination therapies (pregabalin + cacao and pregabalin ½ dose + cacao) showed 
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greater reductions, suggesting an additive anti-inflammatory effect. Serum TNF-α levels differed significantly 
among the groups, with the combination therapies showing highly significant reductions (p < 0.01) compared 
to the CCI + Placebo group (Table 1). 
Table 1. Serum TNF-α Levels Across Experimental Groups (Mean ± SD) 

Group TNF-α (pg/mL) ± SD Significance vs CCI + Placebo 

Placebo 78.5 ± 3.6 – 
Pregabalin 55.2 ± 2.9 *p < 0.05 
Pregabalin + Cacao 30.1 ± 2.2 **p < 0.01 
Pregabalin ½ dose + Cacao 35.4 ± 2.4 **p < 0.01 

Note: Statistical analysis was performed using one-way ANOVA followed by Bonferroni post hoc test. Values 
are considered statistically significant at *p < 0.05. 
Histological analysis of the brain tissue revealed similar trends in ERK expression, used as a marker of 
nociceptive cellular activation. The CCI + Placebo group exhibited a dense presence of ERK-positive cells, 
averaging 28.3 cells per high-power field (HPF), reflective of intense neuronal activation and central 
sensitization. Pregabalin monotherapy reduced ERK expression to 20.1 cells/HPF, while combination 
therapies further decreased the expression to 10.7 cells/HPF for pregabalin full dose + cacao and 12.9 
cells/HPF for pregabalin ½ dose + cacao, suggesting effective modulation of central nociceptive pathways. 
ERK-positive cell counts were significantly attenuated by both combination treatments, with statistical 
significance confirmed at p < 0.01 (Table 2). 
Table 2. ERK-Positive Cells per High Power Field (HPF) in Brain Tissue (Mean ± SD) 

Treatment Group ERK+ Cells/HPF ± SD Significance vs CCI + Placebo 

Placebo 28.3 ± 2.8 – 
Pregabalin 20.1 ± 2.1 *p < 0.05 
Pregabalin + Cacao 10.7 ± 1.4 **p < 0.01 
Pregabalin ½ dose + Cacao 12.9 ± 1.6 **p < 0.01 

Note: One-way ANOVA with Bonferroni post hoc test was used. Differences were considered significant at 
*p < 0.05. 
 
Von Frey filament analysis showed that mechanical allodynia was most pronounced in the CCI + Placebo 
group. Pregabalin reduced pain sensitivity moderately, whereas both combination therapy groups significantly 
increased paw withdrawal thresholds. This pattern correlated with reductions in TNF-α and ERK levels, 
supporting the association between elevated inflammatory markers and heightened pain perception. 
Statistical analysis using ANOVA followed by Bonferroni’s post hoc test revealed that the differences in TNF-
α and ERK levels across groups were statistically significant (p < 0.05). Pairwise comparisons indicated that 
pregabalin significantly reduced TNF-α levels compared to the placebo group. Notably, both combination 
therapy groups (pregabalin + cacao and pregabalin ½ dose + cacao) had significantly lower TNF-α levels than 
pregabalin monotherapy, supporting a synergistic interaction. Similar statistical significance was observed in 
ERK expression among the groups, with the combination therapies outperforming pregabalin monotherapy 
in reducing cellular activation. 
The reduction in TNF-α levels highlights the systemic anti-inflammatory potential of cacao polyphenols, 
possibly mediated through inhibition of NF-κB pathways and downregulation of proinflammatory cytokine 
synthesis. Pregabalin, primarily known for its binding to the α2δ subunit of voltage-gated calcium channels, 
may exert indirect anti-inflammatory effects via attenuation of neuronal excitability. The additive effect of 
cacao extract supports the hypothesis that polyphenolic compounds can enhance pregabalin’s 
pharmacodynamic profile through complementary molecular targets. 
In parallel, the observed decline in ERK-positive brain cells suggests reduced activation of intracellular 
signaling cascades implicated in chronic pain processing. ERK pathways have been associated with central 
sensitization and glial activation in neuropathic pain. The notable reduction in ERK expression in the 
combination therapy groups implies that cacao extract may exert neuroprotective effects by modulating 
intracellular signal transduction, thereby enhancing pregabalin’s neuromodulatory efficacy. 
Von Frey analysis further supported these biochemical findings. The CCI + Placebo group displayed the most 
severe mechanical allodynia, reflected in the lowest paw withdrawal thresholds. Pregabalin monotherapy 
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improved withdrawal thresholds moderately, while both combination therapy groups achieved greater 
recovery, correlating with lower TNF-α and ERK levels. This suggests that elevated inflammatory and central 
sensitization markers are associated with more severe pain behaviors, and their suppression leads to functional 
improvement. 
The integrated results from TNF-α and ERK analyses underscore the dual mechanism of cacao extract as both 
an anti-inflammatory and antinociceptive agent. When used as an adjuvant to pregabalin, cacao extract 
appears to enhance therapeutic outcomes by simultaneously attenuating peripheral inflammation and 
reducing central sensitization. These findings offer promising insights into the potential repositioning of 
cacao bioactive compounds in neuropathic pain management, particularly for enhancing the efficacy of 
existing pharmacologic agents like pregabalin. 
 
DISCUSSION 
Synergistic Anti-inflammatory and Antinociceptive Effects of Cacao and Pregabalin 
The present study highlights the therapeutic potential of combining cacao extract with pregabalin in the 
management of neuropathic pain, particularly in modulating inflammatory and nociceptive cellular 
responses. The significant reduction in serum TNF-α levels and brain ERK expression observed in the 
combination therapy groups compared to pregabalin monotherapy suggests a synergistic interaction between 
these two agents. This finding is particularly relevant given the limitations of pregabalin monotherapy, 
including dose-dependent side effects and incomplete pain relief in a subset of patients (Silva et al., 2022). 
Cacao extract, rich in polyphenols such as epicatechin and catechin, is known for its anti-inflammatory and 
antioxidant properties. These compounds may act by inhibiting nuclear factor kappa B (NF-κB) activation, 
leading to downregulation of pro-inflammatory cytokines, including TNF-α (Pangestu et al., 2022). 
Pregabalin, while not a direct anti-inflammatory agent, may exert secondary immunomodulatory effects via 
suppression of excitatory neurotransmission, which indirectly attenuates cytokine production (Silva et al., 
2022). The observed additive effect of combining cacao with pregabalin suggests a complementary mechanism 
where cacao targets upstream inflammatory signaling, while pregabalin modulates downstream neuronal 
hyperexcitability. 
Modulation of TNF-α as a Biomarker of Systemic Inflammation 
Tumor necrosis factor-alpha is a key mediator in the pathophysiology of neuropathic pain. Its upregulation 
following nerve injury contributes to sensitization of nociceptors, activation of glial cells, and propagation of 
pain signals both peripherally and centrally. In this study, TNF-α levels were significantly elevated in the CCI 
+ Placebo group, consistent with the systemic inflammatory response associated with nerve ligation. 
Pregabalin reduced TNF-α levels moderately, while the combination therapies significantly suppressed TNF-
α levels beyond that of pregabalin monotherapy, supporting a synergistic anti-inflammatory effect (Ribeiro et 
al., 2023). 
The reduction in TNF-α levels in the cacao-treated groups may also reflect the suppression of reactive oxygen 
species and inhibition of inducible nitric oxide synthase (iNOS), both of which are downstream targets of 
NF-κB signaling (Rodríguez-Ramiro et al., 2013). Moreover, cacao polyphenols may influence gut-brain axis 
signaling, modulating systemic inflammation through improved gut barrier integrity and microbiota balance 
an emerging area in neuroinflammation research (Shen et al., 2022). 
Inhibition of ERK Pathways in Brain Neurons 
The extracellular signal-regulated kinase (ERK) pathway plays a critical role in intracellular processes 
associated with pain perception, synaptic plasticity, and neuroinflammation. Increased ERK expression in 
brain neurons, as observed in the CCI + Placebo group, is a hallmark of central sensitization (De Feo et al., 
2020). This study found that pregabalin monotherapy suppressed ERK-positive cell counts moderately, while 
both combination therapies (pregabalin + cacao and pregabalin ½ dose + cacao) resulted in a more significant 
reduction, suggesting a potential synergistic interaction. 
These results indicate that cacao extract may confer neuroprotective effects by inhibiting ERK 
phosphorylation, thereby reducing downstream transcriptional activation of pro-nociceptive genes and 
inflammatory mediators in brain neurons and glial cells. The observed synergistic effect strengthens the 
hypothesis that cacao extract enhances the efficacy of pregabalin by concurrently targeting different 
components of central sensitization pathways. 
This finding aligns with prior studies indicating that ERK inhibition mitigates neuropathic pain behaviors. 
The enhanced reduction in ERK expression seen in the combination therapy groups supports the concept 
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that cacao may act as a biological enhancer of pregabalin, promoting a synergistic effect on central pain 
signaling targets (De Feo et al., 2020). 
Integration with Behavioral Outcomes 
Von Frey filament testing in this study demonstrated a clear correlation between behavioral and biochemical 
findings. Rats receiving pregabalin in combination with cacao extract, whether at full or half dose, exhibited 
the greatest improvements in mechanical allodynia, as reflected in significantly higher paw withdrawal 
thresholds compared to the placebo and pregabalin monotherapy groups (Alothman et al., 2024). This 
pattern aligns with the observed reductions in serum TNF-α levels and brain ERK expression, supporting a 
synergistic analgesic effect of the combination therapies. 
This alignment between behavioral, histological, and biochemical outcomes enhances the internal validity of 
the findings and supports the translational potential of this therapeutic approach. The observed improvement 
likely stems from the attenuation of both peripheral and central sensitization mechanisms. Pregabalin acts on 
α2δ subunits of voltage-gated calcium channels to reduce excitatory neurotransmitter release, contributing to 
analgesia (Alothman et al., 2024). Meanwhile, cacao’s polyphenolic components are known to reduce glial 
activation and oxidative stress, thereby modulating the neuroinflammatory environment. These effects may 
disrupt the positive feedback loop of chronic pain amplification, ultimately facilitating improved functional 
recovery (Alothman et al., 2024). 
Clinical Implications and Relevance 
The combination of cacao extract and pregabalin offers promising clinical implications for treating 
neuropathic pain, particularly in chronic conditions such as diabetic neuropathy, postherpetic neuralgia, and 
chemotherapy-induced peripheral neuropathy (Castro et al., 2020). Cacao’s natural origin, favorable safety 
profile, and accessibility suggest its potential as an adjuvant therapy to reduce required pregabalin doses, 
thereby minimizing adverse effects such as dizziness, sedation, and weight gain (Shokri et al., 2021). 
This integrative strategy reflects the growing paradigm of phytopharmacologic modulation, wherein natural 
bioactive compounds are utilized to enhance standard pharmacological treatments. Cacao polyphenols, in 
particular, have demonstrated anti-inflammatory and antioxidant effects that could modulate pain signaling 
pathways and glial activity (Castro et al., 2020). Moreover, pregabalin remains a first-line pharmacologic 
treatment in neuropathic pain due to its proven efficacy (Mandra et al., 2024). The synergy between these 
agents holds translational potential, especially for patients who experience suboptimal responses to 
monotherapy or have contraindications to high-dose pregabalin. 
Limitations and Future Directions 
While the current findings are promising, several limitations should be acknowledged. The small sample size 
and absence of comprehensive behavioral scoring beyond von Frey analysis may limit the generalizability of 
the results. Although TNF-α and ERK are important markers of peripheral and central sensitization, 
incorporating additional cytokines such as IL-6, IL-1β, and neurotrophic factors like BDNF could provide a 
more complete mechanistic understanding (Alothman et al., 2024). 
Future studies should focus on the pharmacokinetics of cacao polyphenols in the presence of pregabalin, 
their long-term effects, and the potential risk of developing pharmacological tolerance. In-depth analyses using 
electrophysiological recordings and molecular techniques, such as Western blotting for phosphorylated ERK 
isoforms, could significantly improve mechanistic insight (Kawakami et al., 2021). 
Further preclinical research is essential to validate the efficacy and safety of cacao as an adjunctive agent in 
neuropathic pain models. To our knowledge, this is the first study to investigate the combined effect of cacao 
extract and pregabalin on both systemic inflammation and brain ERK signaling in a neuropathic pain model. 
The observed synergistic reduction of TNF-α levels and ERK activation suggests a novel therapeutic approach 
for chronic pain management (Alothman et al., 2024). This research contributes to the expanding domain of 
integrative neurotherapeutics by bridging phytopharmacology with conventional neuropharmacological 
strategies. 
 
CONCLUSIONS 
This study demonstrates that cacao extract, when used as an adjuvant to pregabalin, significantly enhances 
anti-inflammatory and antinociceptive effects in a rat model of neuropathic pain. The combination therapies 
resulted in substantial reductions in serum TNF-α levels and brain ERK expression, correlating with improved 
mechanical allodynia as measured by von Frey testing. These findings support the potential role of cacao 
extract in enhancing pregabalin efficacy through complementary mechanisms targeting peripheral 
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inflammation and central sensitization. Further preclinical and pharmacokinetic studies are warranted to 
explore the translational potential of this combination strategy in neuropathic pain management. 
 
REFERENCES 
1. Abbasi, Z., Baluchnejadmojarad, T., Roghani, M., Farbin, M., & Mehrabi, S. (2023). Acamprosate effect on neuropathic 
pain in rats: With emphasis on the role of ERK/MAPK pathway and SCN9A sodium channel. Journal of Chemical Neuroanatomy, 131, 
102282. 
2. Alothman, L., Alhadlaq, E., Alhussain, A., Alabdulkarim, A., Sari, Y., & AlSharari, S. D. (2024). New Pharmacological 
Insight into Etanercept and Pregabalin in Allodynia and Nociception: Behavioral Studies in a Murine Neuropathic Pain Model. Brain 
Sciences, 14(11), 1145. 
3. Ammar, F. M., Waloejo, C. S., Putri, H. S., Santoso, K. H., Airlangga, P. S., & Utomo, B. (2025). Effect of Cacao Bean 
Extract as a Paracetamol Adjuvant on Pain Scale and Tumor Necrosis Factor-Alpha in Neuropathic Pain: An Animal Model Study. 
Pharmacognosy Journal, 16(6), 1336–1341. https://doi.org/10.5530/pj.2024.16.215 
4. Castro, M. C., Villagarcia, H., Nazar, A., Arbeláez, L. G., Massa, M. L., Del Zotto, H., Ríos, J. L., Schinella, G. R., & 
Francini, F. (2020). Cacao extract enriched in polyphenols prevents endocrine-metabolic disturbances in a rat model of prediabetes 
triggered by a sucrose rich diet. Journal of Ethnopharmacology, 247, 112263. 
5. Christin, T., Ali, Z., Legiran, L., & Ferawaty, F. (2023). Overview Of Peripheral Neuropathy In Chronic Kidney Disease 
Patients Undergoing Hemodialysis At Dr. Mohammad Hoesin Hospital Palembang. Pharmacology, Medical Reports, Orthopedic, And 
Illness Details (COMORBID), 2(3), 1–18. https://doi.org/10.55047/comorbid.v2i3.890 
6. De Feo, M., Paladini, A., Ferri, C., Carducci, A., Del Pinto, R., Varrassi, G., & Grassi, D. (2020). Anti-Inflammatory and 
Anti-Nociceptive Effects of Cocoa: A Review on Future Perspectives in Treatment of Pain. In Pain and Therapy (Vol. 9, Issue 1). 
https://doi.org/10.1007/s40122-020-00165-5 
7. Edo, G. I., Samuel, P. O., Oloni, G. O., Ezekiel, G. O., Onoharigho, F. O., Oghenegueke, O., Nwachukwu, S. C., Rapheal, 
O. A., Ajokpaoghene, M. O., & Okolie, M. C. (2023). Review on the biological and bioactive components of cocoa (Theobroma cacao). Insight 
on food, health and nutrition. 
8. Fathani, H. C., Sulistyo Putri, H., Airlangga, P. S., Waloejo, C. S., Yudaniayanti, I. S., & Lestari, P. (2024). Effective Dose 
of Cocoa as a Preemptive Analgesic and Anti- Inflammatory Agent Assessed through Pain Scale and Tumor Necrosis Factor Alpha 
(TNF-α) in an Acute Pain Animal Model. Pharmacognosy Journal, 16(5), 1134–1137. https://doi.org/10.5530/pj.2024.16.185 
9. Jin, Y., Zhou, J., Xu, F., Ren, Z., Hu, J., Zhang, C., Ge, K., & Liu, L. (2021). Electroacupuncture alleviates the transition 
from acute to chronic pain through the p38 MAPK/TNF-α signalling pathway in the spinal dorsal horn. Acupuncture in Medicine, 
39(6), 708–715. 
10. Kawakami, Y., Watanabe, Y., Mazuka, M., Yagi, N., Sawazaki, A., Koganei, M., Natsume, M., Kuriki, K., Morimoto, T., & 
Asai, T. (2021). Effect of cacao polyphenol-rich chocolate on postprandial glycemia, insulin, and incretin secretion in healthy 
participants. Nutrition, 85, 111128. 
11. Li, H.-N., Yang, Q.-Q., Wang, W.-T., Tian, X., Feng, F., Zhang, S.-T., Xia, Y.-T., Wang, J.-X., Zou, Y.-W., & Wang, J.-Y. 
(2021). Red nucleus IL-33 facilitates the early development of mononeuropathic pain in male rats by inducing TNF-α through 
activating ERK, p38 MAPK, and JAK2/STAT3. Journal of Neuroinflammation, 18, 1–20. 
12. Li, M., Li, Z., Ma, X., Jin, S., Cao, Y., Wang, X., Zhao, J., Wang, J., Wang, X., & Xu, J. (2022). Huangqi Guizhi Wuwu 
Decoction can prevent and treat oxaliplatin-induced neuropathic pain by TNFα/IL-1β/IL-6/MAPK/NF-kB pathway. Aging (Albany 
NY), 14(12), 5013. 
13. Mandra, E. V, Parfenov, V. A., Akhmedzhanova, L. T., Shulakova, E. S., Fadeev, V. V, & Amosova, M. V. (2024). 
Kinesiotherapy in painful diabetic polyneuropathy. Neurology, Neuropsychiatry, Psychosomatics, 16(4), 21–27. 
14. Pangestu, M. A., Purwanata, I. G. R., & Zusela, T. (2022). Potential of cocoa (Theobroma cacao) shell for diabetic 
neuropathy targeting transient receptor potential canonical (TRPC): an in silico study. Pharmacy Reports, 2(3), 80. 
15. Ribeiro, M., Fanton, S., Paiva, B. R., Baptista, B. G., Alvarenga, L., Ribeiro-Alves, M., Cardozo, L. F. M. F., & Mafra, D. 
(2023). Dark chocolate (70% cocoa) attenuates the inflammatory marker TNF-α in patients on hemodialysis. Clinical Nutrition ESPEN, 
53, 189–195. 
16. Rodríguez-Ramiro, I., Ramos, S., López-Oliva, E., Agis-Torres, A., Bravo, L., Goya, L., & Martín, M. A. (2013). Cocoa 
polyphenols prevent inflammation in the colon of azoxymethane-treated rats and in TNF-α-stimulated Caco-2 cells. British Journal of 
Nutrition, 110(2), 206–215. 
17. Shen, C.-L., Wang, R., Yakhnitsa, V., Santos, J. M., Watson, C., Kiritoshi, T., Ji, G., Hamood, A. N., & Neugebauer, V. 
(2022). Gingerol-enriched ginger supplementation mitigates neuropathic pain via mitigating intestinal permeability and 
neuroinflammation: gut-brain connection. Frontiers in Pharmacology, 13, 912609. 
18. Shokri, M., Sajedi, F., Mohammadi, Y., & Mehrpooya, M. (2021). Adjuvant use of melatonin for relieving symptoms of 
painful diabetic neuropathy: results of a randomized, double-blinded, controlled trial. European Journal of Clinical Pharmacology, 77, 
1649–1663. 
19. Silva, T. de P., Silva, A. A., Toffolo, M. C. F., & de Aguiar, A. S. (2022). The action of phytochemicals present in cocoa in 
the prevention of vascular dysfunction and atherosclerosis. Journal of Clinical and Translational Research, 8(6), 509. 
20. Zhao, L., Tao, X., & Song, T. (2021). Astaxanthin alleviates neuropathic pain by inhibiting the MAPKs and NF-κB 
pathways. European Journal of Pharmacology, 912, 174575. 
 

 


