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ABSTRACT

Background: The management of acute postoperative pain commonly relies on multimodal regimens combining paracetamol with
nonsteroidal anti-inflammatory drugs (NSAIDs) like ibuprofen. These approaches may pose adverse effects, highlighting the need
for safer adjuvant alternatives. Cocoa, rich in polyphenols and flavonoids, shows potential as an anti-inflammatory and analgesic
agent. Objectives: To compare the efficacy of cocoa and ibuprofen as adjuvants to paracetamol in reducing acute pain and plasma
interleukin-1 beta (IL-1pB) levels in a rat model of postoperative femoral fracture. Methods: Eighteen healthy male Wistar rats
(150-300g, 16-24 weeks) were randomized into three groups (n=6): control (placebo), cocoa-paracetamol, and ibuprofen-
paracetamol. Standardised femoral fracture surgery was performed under anaesthesia, followed by assigned treatments. Pain
evaluation was performed 24 hours postoperatively using the Von Frey filament test; plasma IL-1f was measured by ELISA. Data
were analyzed using ANOVA and post-hoc Tukey test (p<0.05). Results: IL-1B levels were significantly lower in the cocoa-
paracetamol (2.50+0.89ng/ml) and ibuprofen-paracetamol (4.32+0.52ng/ml) groups compared to control (7.41+0.65ng/ml;
p=0.000). Cocoa-paracetamol showed significantly lower IL-1B than ibuprofen-paracetamol (p=0.001). Von Frey scores were
significantly higher (indicating better analgesia) in the cocoa-paracetamol (19.38+4.15gf) and ibuprofen-paracetamol
(26.19£8.01gf) groups than control (9.52+1.63gf; p<0.001); there was no statistically significant difference between cocoa-
paracetamol and ibuprofen-paracetamol (p=0.098). IL-1p levels and Von Frey scores were moderately negatively correlated (r=—
0.529, p=0.024). Conclusion: Cocoa as an adjuvant to paracetamol provided analgesic efficacy comparable to ibuprofen and
superior anti-inflammatory effect as assessed by IL-1B. Cocoa is a promising, safer adjuvant alternative to NSAIDs for
postoperative pain management.
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INTRODUCTION

Effective management of acute postoperative pain is essential for patient comfort, recovery, and prevention of chronic pain.1-3
Multimodal analgesia, typically combining paracetamol and NSAIDs such as ibuprofen, enhances pain control through distinct
mechanisms.4,5 However, long-term or high-dose NSAID use increases risks of gastrointestinal, renal, and cardiovascular
adverse effects.6,7 Therefore, the search for natural products with analgesic and anti-inflammatory properties8 and a better safety
profile is warranted.9

Cocoa (Theobroma cacao) is a rich source of polyphenols, particularly flavonoids such as epicatechin and proanthocyanidins,
which have demonstrated anti-inflammatory, neuroprotective, and analgesic effects in preclinical models.10,11 Animal studies
suggest cocoa extracts can reduce central and peripheral inflammation and modulate pain pathways by inhibiting nuclear factor
kappa-B (NF-kB), cytokine production, and oxidative stress.12,13

Interleukin-1 beta (IL-1B) is a key pro-inflammatory cytokine involved in nociception and central sensitization in acute and
chronic pain states.14,15

Most research on the analgesic and anti-inflammatory effects of chocolate/cocoa has been conducted on general inflammatory
pain models (such as orofacial pain, neuropathic, soft tissue inflammation), not on femur fracture or bone fracture models.
Therefore, it remains unclear whether the cocoa + paracetamol effect would be equally effective in bone trauma conditions
involving hard tissue damage, cytokine release, and bone healing mechanisms. Research by De Feo et al. shows effects on various
inflammation and oxidative stress models, but not specifically on bone fractures.9
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Several studies compare chocolate-rich diets with controls, but there is very rarely research that directly compares the effects of
chocolate + paracetamol combination with NSAID + paracetamol combination. Ammar et al. shows the analgesic effect of
chocolate as a paracetamol adjuvant, but only on neuropathic pain models, not on bone fracture models.16 Research by Fathani
et al. shows that low doses of cocoa are already effective in several models (for example, a dose of 0.5 mg/gBW) for reducing
TNF-a and increasing pain threshold.17 However, it is still unclear what the optimal cocoa dose is in combination with other
analgesics for fracture models, as well as whether its effects are dose-dependent and safe in the short/long term.

This study aims to compare the effects of cocoa and ibuprofen as adjuvants to paracetamol on acute pain behaviour and plasma
IL-1B in a rat model of complete femoral fracture.

METHODS

Experimental Design and Animals

This laboratory-based true experimental study employed a randomized post-test only control group design. Eighteen healthy male
Wistar rats (Rattus norvegicus), 150-300g, aged 1624 weeks, were housed under standard conditions with 7-day acclimatization,
and randomized into three groups (n=6/group):

1. KO: Control (placebo)
2. K1: Cocoa extract 1g/kg body weight + Paracetamol 15mg/kg BW
3. K2: lbuprofen 10mg/kg BW + Paracetamol 15mg/kg BW

The study received ethical clearance from the Animal Ethics Committee, Airlangga University, Surabaya.

Femoral Fracture Model

Rats underwent anaesthesia with rat cocktail (ketamine/xylazine/acepromazine, dosed as per standard protocols). A complete
right mid-femur fracture was surgically induced, stabilized with intramedullary pinning, and followed by closure with layered
sutures.

Treatments
Treatments were administered orally via gavage every 8 hours post-surgery for 24 hours, adjusted for individual body weights.
Control rats received placebos in the same vehicle (CMC-Na 1%).

Cocoa Extract Preparation
Raw, roasted cocoa beans from Puslitkoka Jember (Vicco brand) were dried, ground, subjected to 70% ethanol extraction,
filtration, evaporation, and resuspension in 1% CMC-Na to yield 100mg/ml cocoa suspension.

Measurement of Outcomes

Pain Behaviour

Mechanical pain thresholds were assessed using the electronic VVon Frey test 24 hours postoperatively. The pressure (gram-force)
required to elicit paw withdrawal on the operated limb was recorded.

Plasma IL-1p
After pain testing, animals were euthanized, and blood was collected via cardiac puncture. Plasma was separated and IL-1 levels
quantified using ELISA (Bioassay Technology Laboratory, Shanghai).

Statistical Analysis
Data were tested for normality (Shapiro-Wilk), followed by ANOVA with Tukey’s post-hoc test for intergroup comparisons.
Correlation between IL-1p and Von Frey thresholds was analyzed by Pearson’s method. Significance was set at p<0.05.

RESULTS
IL-1P Levels
Mean IL-1p plasma concentrations (ng/ml):

Table 1: IL-li distribution between irouis

KO (control) 7,407 + 0,648 ng/ml 0,242* Normal
K1 (cocoa 1 mg/gBW and oral paracetamol 15 mg/kgBW) 2,500 + 0,889 ng/ml 0,624* Normal
K2 (oral ibuprofen 10 mg/kgBW and oral paracetamol -

mg/kgBW) 4,318 £ 0,523 ng/ml 0,771 Normal

Based on Table 1, plasma IL-1p levels in the control group (K0) showed the highest mean value of 7.407 £ 0.648 ng/ml. This
indicates a relatively high inflammatory response without any treatment. Meanwhile, the group given a combination of cocoa 1
mg/gBW and paracetamol 15 mg/kgBW (K1) experienced the greatest decrease in IL-1p levels, reaching 2.500 + 0.889 ng/ml.
This reduction demonstrates that the combination has a quite strong anti-inflammatory effect. In the group with ibuprofen 10
mg/kgBW and paracetamol 15 mg/kgBW combination (K2), IL-1f levels also decreased to 4.318 + 0.523 ng/ml, but not as
effectively as group K1. The Shapiro-Wilk normality test showed that all groups had normal data distribution (p > 0.05), allowing
further analysis with parametric tests. Overall, these results indicate that cocoa combined with paracetamol is capable of
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suppressing pro-inflammatory cytokine IL-1p levels better than the ibuprofen-paracetamol combination, pointing to the potential
role of bioactive compounds in cocoa as anti-inflammatory agents.

Table 2: IL-1B Anova test

KO (control) 7,407 £ 0,648 ng/ml
K1 (cocoa 1 mg/gBW and oral paracetamol 15 mg/kgBW) 2,500 £ 0,889 ng/ml  0,000* Significant
K2 (oral ibuprofen dose 10 mg/kgBW and oral paracetamol 15 mg/kgBW 4,318 + 0,523 ng/ml

The ANOVA test results for IL-1p levels showed significant differences between treatment groups (p = 0.000; p < 0.05). This
confirms that the treatments significantly affected IL-1p level reduction. In the control group (KO), IL-1f levels remained high at
7.407 £ 0.648 ng/ml, while in the treatment groups, these pro-inflammatory cytokine levels decreased. Group K1 (cocoa 1
mg/gBW and paracetamol 15 mg/kgBW) had the lowest mean IL-1p level at 2.500 + 0.889 ng/ml, showing the strongest
effectiveness in suppressing inflammatory response. Meanwhile, group K2 (ibuprofen 10 mg/kgBW and paracetamol 15
mg/kgBW) also reduced IL-1p levels to 4.318 + 0.523 ng/ml, but the reduction was not as significant as group K1. Thus, these
results strengthen the finding that cocoa combined with paracetamol provides more effective anti-inflammatory effects compared
to ibuprofen combined with paracetamol, indicating an active role of bioactive compounds in cocoa that can significantly
modulate IL-1p levels.

Table 3: IL-1p Post Hoc

KO (control) K1 (cocoa and paracetamol) .
7,407 + 0,648 ng/ml 2,500 + 0,889 ng/ml* <001 Significant
KO (control) K2 (ibuprofen and paracetamol) .
7,407 + 0,648 ng/ml 4,318 + 0,523 ng/ml* <001 Significant
K1 (cocoa dan paracetamol) K2 (ibuprofen and paracetamol) N
2,500 + 0,889 ng/ml 4,318 + 0,523 ng/ml* 0,001 Significant

*P value <0,05 significant difference

ANOVA indicated a significant effect of treatment on IL-1 levels (p < 0.01). Tukey's post-hoc test confirmed all pairwise
differences were significant (KO vs K1, KO vs K2, K1 vs K2; all p<0.05). This confirms that both cocoa-paracetamol and
ibuprofen-paracetamol combinations are equally effective in reducing pro-inflammatory cytokine levels compared to no
treatment. Additionally, the comparison between K1 and K2 also showed significant differences (p = 0.001), where group K1
had lower IL-1B levels than K2. This finding strengthens evidence that cocoa combined with paracetamol can provide stronger
anti-inflammatory effects compared to ibuprofen combined with paracetamol. Therefore, it can be concluded that all treatments
affect IL-1p levels, but the cocoa-paracetamol combination shows the highest effectiveness in suppressing inflammation.

Pain Thresholds (Von Frey Test)
Mean Von Frey scores (gram-force):

Table 4: Von Frey distribution between groups

KO (control) 9,517 £1,625 gf 0,846 Normal
K1 (cocoa dosage 1 mg/gBW and oral paracetamol :
mg/kgBW) 19,380 £ 4,146 gi 0,126 Normal

K2 (ibuprofen dosage 10 mg/kgBW and oral paracetam
15 mg/kgBW)
*P value > 0,05 normal distribution

26,190 + 8,007 gf 0,993 Normal

Pain threshold test results using the Von Frey method showed that all groups had normal data distribution (p > 0.05, Shapiro-
Wilk test). The mean Von Frey score in the control group (KO0) was 9.517 + 1.625 gf, indicating the lowest pain threshold.
Increased pain thresholds were seen in the treatment groups. Group K1 (cocoa 1 mg/gBW + paracetamol 15 mg/kgBW) showed
a mean pain threshold of 19.380 + 4.146 gf, almost twice as high as the control group. Meanwhile, group K2 (ibuprofen 10
mg/kgBW + paracetamol 15 mg/kgBW) had the highest mean value of 26.190 + 8.007 gf, meaning the strongest pain threshold
increase effect. Overall, these results show that combination therapy administration can increase pain thresholds compared to
control, with effectiveness order: K2 > K1 > KO. This indicates that both cocoa and ibuprofen combined with paracetamol have
analgesic effects, but the ibuprofen-paracetamol combination provides greater pain threshold increases compared to the cocoa-
paracetamol combination.

Table 5: Von Frey Anova test

KO (control) 9,517 + 1,625 ¢f <001 Significant
K1 (cocoa dosage 1 mg/gBW and oral paracetamol 15 mg/kgBW) 19,380 + 4,146 gf ' g
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K2 (ibuprofen dosage 10 mg/kgBW and oral paracetamol

mg/kgBW) 26,190 + 8,007 gf

*P value <0,05 significant difference

The ANOVA test on Von Frey data showed p < 0.001 (p < 0.05), meaning there were significant pain threshold differences
between groups. The control group (K0) had the lowest pain threshold at 9.517 + 1.625 gf, indicating that conditions without
treatment resulted in high pain sensitivity. Administration of cocoa 1 mg/gBW combined with paracetamol 15 mg/kgBW (K1)
increased the pain threshold to 19.380 * 4.146 gf, while ibuprofen 10 mg/kgBW combined with paracetamol 15 mg/kgBW (K2)
produced the highest pain threshold at 26.190 + 8.007 gf. These results confirm that all treatments significantly affected pain
threshold increases. Thus, both K1 and K2 combination therapies are effective in reducing pain sensitivity, but the strongest effect
was obtained in group K2, indicating ibuprofen's superiority in increasing pain thresholds compared to cocoa when combined
with paracetamol.

Table 6: Von Frey Post Hoc

KO (control) K1 (cocoa and paracetamol) .

9,517 + 1,625 gf 19,380 + 4,146 gf* 0,015 Significant

KO (control) K2 (ibuprofen and paracetamol) .

9,517 + 1,625 of 26,190 + 8,007 gf* <001 Significant

K1 (cocoa and paracetamol) K2 (ibuprofen and paracetamol) -
19,380 + 4,146 of 26,190 + 8,007 gf 0,098 Not significant

*P value <0,05 significant difference

ANOVA indicated significant differences among groups (p<0.001). Both treatment groups had higher pain thresholds than control
(KO vs K1: p=0.015; KO vs K2: p<0.001). The difference between K1 and K2 did not reach statistical significance (p=0.098).
This shows that although K2 had higher average pain thresholds compared to K1, the difference was not statistically strong
enough. Therefore, it can be concluded that both combination treatments effectively increase pain thresholds, but there is no
significant difference between the analgesic effects of cocoa-paracetamol combination compared to ibuprofen-paracetamol
combination.

Correlation Between IL-1p and Von Frey

Table 7: Correlation IL-1p with Von Fre
\ r P value Information

IL-1B with Von Frey 18 -0,529 0,024 Correlate
*significant correlation if p value < 0,05

DISCUSSION

This study demonstrates that acute pain and inflammation following surgical femoral fracture can be effectively mitigated by
both cocoa and ibuprofen when used as adjuvants to paracetamol, as judged by IL-1p levels and mechanical pain thresholds.
Cocoa-paracetamol was similar in analgesic efficacy to ibuprofen-paracetamol (Von Frey test), but cocoa exerted significantly
stronger anti-inflammatory action (lower IL-1B). This may be attributed to the multi-modal anti-inflammatory actions of cocoa
polyphenols, which suppress NF-«xB, cytokine production, and oxidative stress.11-13 The superiority of cocoa in lowering IL-1B
levels highlights its potential to reduce postoperative inflammation more safely than NSAIDs, whose gastrointestinal,
cardiovascular, and renal risks are well known.6,7

The results of this research show that there is no significant difference in analgesic effects (pain threshold) between the cocoa-
paracetamol combination and the ibuprofen-paracetamol combination. This finding supports previous clinical data showing that
several natural products, including flavonoids and polyphenols, can function as adjuvants or alternatives in pain management
without reducing the effectiveness of standard analgesics.18 In other words, cocoa is capable of providing analgesic effects
equivalent to NSAIDs, but with potentially lower risk of side effects, considering that cocoa is natural and has a good safety
profile.

This finding also extends previous animal studies that have demonstrated the analgesic and anti-inflammatory effects of cocoa in
various pain models, including neuropathic and inflammatory pain.16,17,19 Cocoa contains polyphenols such as epicatechin and
proanthocyanidins that are known to suppress the NF-kB inflammatory pathway, reduce COX-2 expression, and decrease
oxidative stress, thereby reducing the production of pro-inflammatory cytokines such as IL-1B. This effect explains why cocoa
can significantly reduce inflammation, even in post-fracture pain models, and supports the idea that inflammation modulation can
contribute to analgesic effects indirectly.

Furthermore, the moderate negative correlation between plasma IL-1p levels and pain threshold confirms the role of inflammatory
cytokines as biomarkers and mediators of hyperalgesia.14 Increased IL-1p is associated with increased pain sensitivity through
activation of sensory neurons in the spinal cord and induction of prostaglandins, which causes post-trauma hyperalgesia. Thus,
the reduction of IL-1B by cocoa not only demonstrates anti-inflammatory effects but also indicates an indirect analgesic
mechanism through modulation of inflammatory pathways.
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Overall, these results emphasize that cocoa can function as an effective analgesic adjuvant, providing analgesic effects equivalent
to NSAIDs while reducing inflammatory mediators such as IL-1f3. This has important clinical translational implications,
especially for postoperative patients who require short to medium-term pain management, where reducing NSAID use can lower
the risk of gastrointestinal, cardiovascular, and renal side effects. Further studies are needed to explore optimal dosing, long-term
duration effects, as well as clinical trials in humans to confirm the effectiveness and safety of cocoa as an analgesic adjuvant.

IL-1B is a major mediator of hyperalgesia that increases the excitability of sensory neurons in the spinal cord and increases
prostaglandin production, thereby increasing pain sensitivity. Polyphenols in cocoa, including epicatechin and proanthocyanidins,
are capable of inhibiting the NF-xB, COX-2, and MAPK pathways, thereby reducing pro-inflammatory cytokine production and
oxidative stress. Interestingly, although cocoa reduces IL-1p more significantly compared to ibuprofen, its analgesic effect is
equivalent, indicating that cocoa targets inflammatory processes more than direct pain pathways, and possibly works
synergistically with paracetamol. From a clinical perspective, this finding shows the potential of cocoa as a safe analgesic adjuvant
to reduce postoperative NSAID use, thereby reducing the risk of gastrointestinal, cardiovascular, and renal side effects.

This study’s limitations include lack of single-drug intervention groups (cocoa or ibuprofen alone), relatively short follow-up,
and use of an animal model. Future research should include longer-term, dose-finding, and human trials.

CONCLUSION

Cocoa as a paracetamol adjuvant provides analgesic effects equivalent to the ibuprofen-paracetamol combination, as evidenced
by mechanical pain thresholds, while simultaneously demonstrating stronger anti-inflammatory effects, shown by the significant
reduction in IL-1p levels. This finding supports the role of cocoa as a natural product with multimodal mechanisms, which can
reduce inflammation through inhibition of NF-xB, COX-2, and MAPK pathways, as well as reduce oxidative stress. These results
confirm that cocoa has potential as a safe analgesic adjuvant, particularly in postoperative pain management, with the possibility
of reducing NSAID use and the risk of gastrointestinal, cardiovascular, and renal side effects. Further studies are needed to explore
optimal dosing, long-term effects, as well as translational trials in humans so that the effectiveness and safety of cocoa as an
analgesic adjuvant can be clinically confirmed.
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