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1. INTRODUCTION 

Pain is a universal human experience that serves as a 

protective mechanism against potential harm, but when it 

persists beyond the normal healing period, it evolves into 

chronic pain, posing significant challenges to individuals 

and healthcare systems worldwide. Chronic pain affects 

approximately 20% of the global adult population, 

equating to over 1.5 billion people, with estimates 

indicating that 1 in 10 adults is newly diagnosed each 

year (Goldberg & McGee, 2011; Cohen et al., 2021). 

This condition not only diminishes quality of life but also 

imposes a substantial economic burden, with costs in the 

United States alone estimated at $560–$635 billion 

annually due to medical expenses and lost productivity 

(Cohen et al., 2021). High-impact chronic pain, which 

severely limits daily activities, affects 6.9% to 8.0% of 

adults in Western countries, and similar rates have been 

observed in regions like the Middle East and among 

children and adolescents (International Association for 

the Study of Pain, 2023). Conditions such as 

osteoarthritis, musculoskeletal disorders, and 

inflammatory pain contribute significantly to this 

prevalence, underscoring the need for effective and safe 

management strategies. 

 

Conventional treatments for pain, particularly 

inflammatory and musculoskeletal types, often rely on 

nonsteroidal anti-inflammatory drugs (NSAIDs) like 

diclofenac, ibuprofen, and indomethacin, which inhibit 

cyclooxygenase (COX) enzymes to reduce prostaglandin 

synthesis and alleviate symptoms (Harutyunyan et al., 

2013). While effective for short-term relief, prolonged 
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ABSTRACT 

Pain management remains a critical challenge, particularly in inflammatory conditions, where conventional 

nonsteroidal anti-inflammatory drugs (NSAIDs) are limited by gastrointestinal, cardiovascular, and renal toxicities. 

This study evaluated the safety profile and analgesic efficacy of curcumin (≥95% purity), Boswellia serrata extract 

(65% boswellic acids), and their combination in adult male Wistar rats. Acute oral toxicity was assessed in 

accordance with OECD Guideline 423 at doses up to 2000 mg/kg body weight for individual extracts and 1000 + 

1000 mg/kg for the combination. No mortality, clinical signs of toxicity, body weight changes, or gross necropsy 

abnormalities were observed over 14 days, indicating LD₅ ₀  > 2000 mg/kg and GHS Category 5 classification. 

Analgesic activity was examined using the hot plate test (central nociception) and acetic acid-induced writhing test 

(peripheral visceral pain). In the hot plate test, treatments prolonged reaction latencies in a dose-dependent manner, 

with peak effects at 90 min. The combination (200 + 200 mg/kg) achieved a maximum possible effect (MPE) of 

52%, approaching that of diclofenac (60%), and showed significant synergy relative to single agents (p < 0.05). In 

the writhing test, the high-dose combination reduced writhes by 63.6%, approaching diclofenac's 67.3% inhibition, 

with enhanced efficacy attributable to complementary inhibition of the COX-2 and 5-LOX pathways. These results 

demonstrate the low acute toxicity and potent, synergistic analgesic effects of curcumin and Boswellia serrata 

extract, supporting their potential as safe, natural alternatives for managing inflammatory and nociceptive pain. 
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NSAID use is associated with severe adverse effects, 

including gastrointestinal complications such as ulcers 

and bleeding, cardiovascular risks like myocardial 

infarction and stroke, renal disturbances, and 

hypertension (Harutyunyan et al., 2013; Scally et al., 

2016). For instance, NSAIDs can increase systolic blood 

pressure by 5 mmHg and elevate the risk of heart failure 

hospitalization by up to 2.28-fold for certain agents 

(Scally et al., 2016). These side effects are particularly 

concerning in vulnerable populations, such as the elderly 

or those with comorbidities, prompting a shift toward 

exploring natural alternatives with potentially safer 

profiles. 

 

Among natural compounds, curcumin, the active 

polyphenol derived from the rhizome of Curcuma longa 

(turmeric), has garnered attention for its multifaceted 

therapeutic properties. Curcumin exhibits potent anti-

inflammatory and analgesic effects by modulating 

pathways such as nuclear factor-kappa B (NF-κB), tumor 

necrosis factor-alpha (TNF-α), and COX-2 inhibition, 

which collectively reduce oxidative stress and cytokine 

release (Liu et al., 2017; Henrotin et al., 2019). 

Preclinical studies in animal models have demonstrated 

its dose-dependent efficacy in alleviating nociceptive 

pain, with mechanisms involving suppression of 

prostaglandin E2 and enhancement of antioxidant 

defences (Henrotin et al., 2019). Similarly, extracts from 

Boswellia serrata, standardized to contain boswellic 

acids, target the 5-lipoxygenase (5-LOX) pathway to 

inhibit leukotriene synthesis, thereby exerting anti-

inflammatory and analgesic effects distinct from those of 

traditional NSAIDs (Henrotin et al., 2019; Marchesi et 

al., 2022). Boswellic acids have shown promise in 

reducing joint inflammation and pain in models of 

arthritis, with minimal gastrointestinal toxicity compared 

to synthetic drugs (Marchesi et al., 2022). 

 

The rationale for combining curcumin and Boswellia 

serrata extract lies in their complementary mechanisms: 

curcumin's focus on COX-2 and cytokine modulation 

synergizes with Boswellia's leukotriene inhibition, 

potentially enhancing overall efficacy while mitigating 

individual limitations such as poor bioavailability 

(Harwood et al., 2022; Rudrappa et al., 2022). Recent 

clinical and preclinical evidence supports this synergy; 

for example, a randomized trial of a curcumin-Boswellia 

co-delivery system reported superior reductions in pain 

and stiffness in spondylitis patients, attributing the 

effects to improved bioavailability and anti-inflammatory 

potentiation (Kumar et al., 2025). Another study on a 

turmeric-Boswellia formulation demonstrated rapid pain 

relief in exercise-induced musculoskeletal pain, with 

93% of participants achieving at least 50% reduction in 

intensity (Rudrappa et al., 2022). In osteoarthritis 

management, combinations have yielded clinically 

meaningful improvements in pain and function, often 

comparable to or exceeding those of glucosamine or 

celecoxib, with fewer adverse events (Harwood et al., 

2022; Chopra et al., 2013). These findings suggest that 

such combinations could offer a viable, natural 

alternative for pain relief, particularly in chronic 

conditions where long-term safety is paramount. 

 

Despite promising in vitro and clinical data, 

comprehensive evaluations of the safety and analgesic 

efficacy of curcumin, Boswellia serrata extract, and their 

combination in standardized animal models remain 

essential to validate their therapeutic potential. The 

present study aims to assess the acute oral toxicity of 

these agents individually and in combination using 

OECD guidelines and to evaluate their analgesic effects 

in rat models of central (hot-plate test) and peripheral 

(acetic acid-induced writhing test) pain. By comparing 

outcomes with standard drugs such as diclofenac, this 

research seeks to elucidate dose-dependent responses, 

synergistic interactions, and overall safety profiles, 

thereby contributing to the evidence base for natural 

analgesics in pain management. 

 

2. MATERIALS AND METHODOLOGY 

2.1. Chemicals and Plant Extracts 

Curcumin, a polyphenolic compound derived from the 

rhizome of Curcuma longa, was obtained with a purity of 

≥95% from Sigma-Aldrich (St. Louis, MO, USA). This 

high purity level ensures minimal interference from 

impurities in pharmacological assays, as curcumin's 

bioavailability and efficacy can be influenced by its 

formulation and purity (Zielińska et al., 2020). Boswellia 

serrata extract, standardized to contain 65% boswellic 

acids, was also sourced from Sigma-Aldrich. 

Standardization to boswellic acids is critical for 

reproducibility in studies evaluating anti-inflammatory 

and analgesic properties, given the variability in natural 

extracts (Abdel-Tawab et al., 2011). Indomethacin, λ-

carrageenan, and carboxymethylcellulose (CMC) were 

procured from the same supplier to ensure consistent 

reagent quality. All other chemicals used were of 

analytical grade and met standards that minimize 

experimental artifacts in toxicological and 

pharmacological evaluations. The combination treatment 

was formulated by mixing equal parts (by weight) of 

curcumin and B. serrata extract in a 1% CMC 

suspension, which served as the vehicle. This suspension 

method enhances solubility and uniform administration, 

as CMC is commonly used as a non-toxic suspending 

agent in oral gavage studies (Henrotin et al., 2013). 

 

2.2. Animals 

Adult male Wistar rats, weighing 150–200 g, were 

procured from the National Institute of Animal Nutrition 

and Physiology, ensuring genetic consistency and health 

status suitable for pharmacological research. A total of 78 

rats were employed across the study to accommodate 

group sizes necessary for statistical power while 

adhering to the principles of reduction in animal use. 

Animals were housed in standard polycarbonate cages 

under controlled environmental conditions: temperature 

maintained at 22 ± 2°C, relative humidity at 50–60%, 

and a 12-h light/dark cycle to mimic natural circadian 
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rhythms and minimize stress-induced variability in 

behavioural responses (Castelhano-Carlos & Baumans, 

2009). They had ad libitum access to a standard pellet 

diet and filtered water to support nutritional stability. All 

experimental procedures were approved by the 

Institutional Animal Ethics Committee (IAEC) and 

conducted in strict compliance with the guidelines of the 

Committee for the Purpose of Control and Supervision of 

Experiments on Animals (CPCSEA, 2018). To allow 

physiological and psychological acclimatization, animals 

were housed for one week prior to the initiation of 

experiments, a practice that reduces baseline stress and 

enhances data reliability in rodent models (Sharp et al., 

2002). 

 

2.3. Acute Oral Toxicity Study 

The acute oral toxicity of curcumin, B. serrata extract, 

and their combination was assessed using the Acute 

Toxic Class Method, as outlined in OECD Guideline 423 

(OECD, 2002). This stepwise approach minimizes 

animal use by employing fixed doses and monitoring for 

signs of toxicity, and classifying substances according to 

the Globally Harmonized System (GHS). Fasted adult 

male Wistar rats (n = 3 per group) were administered the 

test substances via oral gavage at escalating doses: 500, 

1000, and 2000 mg/kg body weight (b.w.) for the 

individual extracts, and 1000 + 1000 mg/kg b.w. for the 

combination. A vehicle control group received 1% CMC 

suspension alone to establish baseline responses. Dosing 

volumes were standardized to 10 mL/kg body weight 

(b.w.) to ensure consistent administration. Observations 

commenced immediately post-dosing and continued 

daily for 14 days, encompassing mortality, clinical signs 

of toxicity (such as lethargy, salivation, diarrhea, 

tremors, convulsions, and piloerection), body weight 

fluctuations, and alterations in food and water intake. 

These parameters were monitored in accordance with 

standard toxicological protocols to detect subtle systemic 

effects (Gad & Chengelis, 1998). At the conclusion of 

the observation period, animals were humanely 

euthanized via CO₂ inhalation, a method recommended 

for its minimal distress (AVMA, 2020). Gross necropsy 

was performed on major organs, including the liver, 

kidneys, heart, and lungs, to evaluate macroscopic 

pathological changes, providing insights into potential 

organ-specific toxicity. 

 

2.4. Analgesic Evaluation 

Analgesic efficacy was evaluated using two established 

rodent models: the hot plate test for central analgesia and 

the acetic acid-induced writhing test for peripheral 

analgesia. These models were selected for their 

sensitivity to distinct pain pathways and for their 

relevance to inflammatory pain mechanisms targeted by 

curcumin and boswellic acids (Deuis et al., 2017). Rats 

were randomly assigned to groups (n = 6 per group): 

normal control (vehicle only), disease control (induced 

pain without treatment), standard drug (diclofenac at 20 

mg/kg), curcumin (100 or 200 mg/kg), B. serrata extract 

(100 or 200 mg/kg), and combinations (100 + 100 mg/kg 

or 200 + 200 mg/kg). Treatments were administered 

orally 60 min prior to pain induction to allow for 

absorption and onset of action. 

 

2.4.1. Hot Plate Test 

The hot plate test was conducted to assess centrally 

mediated thermal nociception, following standard 

procedures (Woolfe & MacDonald, 1944). Rats were 

placed individually on a hot-plate apparatus (Ugo Basile, 

Italy) maintained at 55 ± 0.5°C and enclosed in a 

transparent acrylic cylinder to prevent escape. Reaction 

latency was recorded as the time from placement on the 

plate until the first nocifensive behaviour, such as hind 

paw licking, withdrawal, or jumping. A cutoff time of 20 

s was enforced to prevent tissue damage. Measurements 

were taken at baseline and at post-treatment time points 

(30, 60, 90, 120, and 180 min) to capture peak effects 

and duration. The percentage maximum possible effect 

(%MPE) was calculated as. 

%MPE = [(post-treatment latency - baseline latency) / 

(cutoff time - baseline latency)] × 100, 

providing a normalized measure of analgesic potency 

(Deuis et al., 2017). This test is particularly sensitive to 

opioids and centrally acting analgesics, but also detects 

anti-inflammatory agents like NSAIDs. 

 

2.4.2. Acetic Acid-Induced Writhing Test 

Peripheral analgesic activity was evaluated using the 

acetic acid-induced writhing model, a visceral pain assay 

sensitive to inflammatory mediators (Koster et al., 1959). 

Pain was induced by intraperitoneal injection of 0.6% 

acetic acid (10 mL/kg body weight [b.w.]), which 

triggers prostaglandin release and abdominal 

contractions. Writhing responses—defined as abdominal 

constrictions, hind limb extensions, and body twisting—

were counted over a 30-min observation period starting 5 

min post-injection to exclude immediate non-specific 

reactions. The percentage inhibition of writhing was 

computed as: % Inhibition = [(mean writhes in control - 

mean writhes in treated) / mean writhes in control] × 

100. This model effectively screens for peripherally 

acting analgesics, as acetic acid stimulates nociceptors 

via cyclooxygenase pathways (Rezaei & Mohammadi, 

2020). 

 

2.5. Statistical Analysis 

All data were expressed as the mean ± standard error of 

the mean (SEM) to account for within-group variability. 

Statistical comparisons were performed using one-way 

analysis of variance (ANOVA) to assess overall 

treatment effects, followed by Dunnett's post hoc test for 

multiple comparisons against the disease control or the 

corresponding single-dose groups. This approach 

controls the family-wise error rate while maintaining 

power for specific contrasts in pharmacological studies 

(Wang, 2017). Analyses were conducted with GraphPad 

Prism software (version 9.0; GraphPad Software, San 

Diego, CA, USA). Statistical significance was defined at 

p < 0.05, with the following notation: *p < 0.05, **p < 
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0.01, ***p < 0.001 versus disease control; #p < 0.05 

versus the corresponding single-dose treatments. 

 

3. RESULTS 

3.1. Acute Oral Toxicity Study 

Curcumin, Boswellia serrata extract, and their 

combination (1000 + 1000 mg/kg) were administered 

orally by gavage to fasted rats at doses up to 2000 mg/kg 

b.w.  A vehicle control group received only the 

suspending agent. Over the 14-day observation period, 

no mortality, clinical signs of toxicity (lethargy, 

salivation, diarrhea, tremors, convulsions, piloerection), 

or behavioral abnormalities were observed in any group. 

Body weight gain, food, and water intake remained 

normal and comparable to controls. Gross necropsy of 

major organs (liver, kidneys, heart, lungs) revealed no 

macroscopic changes. These results indicate very low 

acute oral toxicity (LD₅₀ > 2000 mg/kg b.w.), classifying 

the substances as GHS Category 5 (or unclassified). The 

findings support the safety profile of curcumin and 

boswellic acids for further therapeutic evaluation. 

 

Table 1: Acute Oral Toxicity Study Observations. 

Group Treatment 

Dose 

(mg/kg 

b.w.) 

Mortality 

(Dead/Total) 

Clinical 

Signs of 

Toxicity 

Body 

Weight 

Change 

Food/Water 

Intake 

Gross Necropsy 

Findings 

1 
Vehicle 

Control 
- 0/3 

None 

observed 

Normal 

gain 
Consistent 

No pathological 

changes 

2 Curcumin 500 0/3 
None 

observed 

Normal 

gain 
Consistent 

No pathological 

changes 

3 Curcumin 1000 0/3 
None 

observed 

Normal 

gain 
Consistent 

No pathological 

changes 

4 Curcumin 2000 0/3 
None 

observed 

Normal 

gain 
Consistent 

No pathological 

changes 

5 B. serrata 500 0/3 
None 

observed 

Normal 

gain 
Consistent 

No pathological 

changes 

6 B. serrata 1000 0/3 
None 

observed 

Normal 

gain 
Consistent 

No pathological 

changes 

7 B. serrata 2000 0/3 
None 

observed 

Normal 

gain 
Consistent 

No pathological 

changes 

8 Combination 
1000 + 

1000 
0/3 

None 

observed 

Normal 

gain 
Consistent 

No pathological 

changes 

 

3.2. Analgesic Evaluation 

3.2.1. Hot Plate Test 
The disease control group exhibited stable to slightly 

declining latencies (baseline 6.4 ± 0.3 s to 5.9 ± 0.3 s at 

180 min), serving as the reference. All active treatments 

significantly prolonged reaction latencies compared to 

the disease control (p < 0.05 to p < 0.001), with peak 

effects at 90 min and dose-dependent responses. 

Diclofenac produced the greatest prolongation (14.0 ± 

0.8 s at 90 min; ***p < 0.001). Curcumin increased 

latencies to 9.5 ± 0.5 s (100 mg/kg; *p < 0.05) and 11.0 ± 

0.6 s (200 mg/kg; **p < 0.01). Boswellia serrata extract 

extended latencies to 9.0 ± 0.5 s (100 mg/kg; *p < 0.05) 

and 10.5 ± 0.6 s (200 mg/kg; **p < 0.01). The 

combinations yielded superior results: 12.5 ± 0.7 s (100 

+ 100 mg/kg; ***p < 0.001, #p < 0.05 vs. single low 

doses) and 13.5 ± 0.7 s (200 + 200 mg/kg; ***p < 0.001, 

#p < 0.05 vs. single high doses), approaching diclofenac 

efficacy. Latencies gradually returned toward baseline by 

180 min, indicating an analgesic duration of 

approximately 2–3 h. Percentage maximum possible 

effect (%MPE) at the 90-min peak (cutoff 20 s; disease 

control latency ≈ 6.1 s) was: diclofenac 60%, curcumin 

100 mg/kg 20%, curcumin 200 mg/kg 32%, B. serrata 

100 mg/kg 18%, B. serrata 200 mg/kg 30%, combination 

100 + 100 mg/kg 42%, and combination 200 + 200 

mg/kg 52%. These results demonstrate dose-dependent 

central analgesic activity of curcumin and B. serrata 

extract, with a clear synergistic effect when combined. 

 

Table 2: Reaction Time (s) in Hot Plate Test. 

Group Treatment Baseline 30 min 60 min 90 min 120 min 180 min 

1 Normal control 6.5 ± 0.4 6.6 ± 0.4 6.7 ± 0.5 6.8 ± 0.4 6.7 ± 0.4 6.6 ± 0.4 

2 Disease control 6.4 ± 0.3 6.3 ± 0.3 6.2 ± 0.4 6.1 ± 0.3 6.0 ± 0.3 5.9 ± 0.3 

3 Diclofenac (20 mg/kg) 6.4 ± 0.3 9.0 ±0.5*** 12.0 ± 0.7*** 14.0 ± 0.8*** 13.0 ± 0.7*** 10.5 ± 0.6*** 

4 Curcumin (100 mg/kg) 6.4 ± 0.3 7.2 ± 0.4 8.5 ± 0.5* 9.5 ± 0.5* 8.8 ± 0.4* 7.5 ± 0.4 

5 Curcumin (200 mg/kg) 6.5 ± 0.4 7.8 ± 0.5* 9.8 ± 0.6** 11.0 ± 0.6** 10.2 ± 0.5** 8.2 ± 0.5* 

6 B. serrata (100 mg/kg) 6.4 ± 0.3 7.0 ± 0.4 8.2 ± 0.5* 9.0 ± 0.5* 8.5 ± 0.4* 7.2 ± 0.4 

7 B. serrata (200 mg/kg) 6.5 ± 0.4 7.5 ± 0.5* 9.2 ± 0.5** 10.5 ± 0.6** 9.8 ± 0.5** 8.0 ± 0.5* 

8 Combination  6.4 ± 0.3 8.2 ± 0.5** 10.8 ± 0.6***# 12.5 ± 0.7***# 11.5 ± 0.6***# 9.2 ± 0.5** 
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(100 + 100 mg/kg) 

9 
Combination  

(200 + 200 mg/kg) 
6.5 ± 0.4 8.5 ± 0.5** 11.5 ± 0.6***# 13.5 ± 0.7***# 12.5 ± 0.6***# 9.8 ± 0.5**# 

ANOVA: F(8, 45) values as above, p < 0.0001 at post-baseline time points, indicating significant treatment effects. 

*p < 0.05, **p < 0.01, ***p < 0.001 vs. disease control (Group 2, Dunnett’s test); #p < 0.05 vs. corresponding single-

dose treatments (e.g., Group 8 vs. Groups 4 and 6, Group 9 vs. Groups 5 and 7, Dunnett’s test). 

 

 
Figure 1: Effect of Treatment on %MPE over time. 

 

3.2.2. Acetic Acid-Induced Writhing Test 

The disease control group exhibited 55 ± 3 writhes. All 

treatments significantly reduced writhing counts in a 

dose-dependent manner (p < 0.05 to p < 0.001 vs. disease 

control). Diclofenac produced the greatest inhibition (18 

± 1 writhes; 67.3% inhibition, ***p < 0.001). Curcumin 

reduced writhes to 40 ± 3 (27.3% inhibition, *p < 0.05) 

at 100 mg/kg and 32 ± 2 (41.8%, **p < 0.01) at 200 

mg/kg. Boswellia serrata extract decreased writhes to 42 

± 3 (23.6%, *p < 0.05) at 100 mg/kg and 35 ± 2 (36.4%, 

**p < 0.01) at 200 mg/kg. Combinations showed 

enhanced efficacy: 28 ± 2 writhes (49.1% inhibition, 

***p < 0.001; #p < 0.05 vs. single low doses) at 100 + 

100 mg/kg and 20 ± 1 writhes (63.6% inhibition, ***p < 

0.001; #p < 0.05 vs. single high doses) at 200 + 200 

mg/kg, with the high-dose combination approaching 

diclofenac’s effect. These results demonstrate potent 

peripheral analgesic activity of curcumin and B. serrata 

extract, with clear synergistic effects in combination, 

likely due to complementary inhibition of COX-

2/prostaglandin pathways (curcumin) and 5-

LOX/leukotriene pathways (boswellic acids), supporting 

their potential as natural agents for managing visceral 

and inflammatory pain. 

 

Table 3: Number of Writhes and Percentage Inhibition in Acetic Acid-Induced Writhing Test. 

Group Treatment Number of Writhes % Inhibition 

1 Normal control (saline) 3 ± 1*** - 

2 Disease control 55 ± 3 - 

3 Diclofenac (20 mg/kg) 18 ± 1*** 67.3 

4 Curcumin (100 mg/kg) 40 ± 3* 27.3 

5 Curcumin (200 mg/kg) 32 ± 2** 41.8 

6 B. serrata (100 mg/kg) 42 ± 3* 23.6 

7 B. serrata (200 mg/kg) 35 ± 2** 36.4 

8 Combination (100 + 100 mg/kg) 28 ± 2***# 49.1 

9 Combination (200 + 200 mg/kg) 20 ± 1***# 63.6 

ANOVA: F(7, 40) = 57.82, p < 0.0001, indicating significant treatment effects. 

*p < 0.05, **p < 0.01, ***p < 0.001 vs. disease control 

(Group 2, Dunnett’s test); #p < 0.05 vs. corresponding 

single-dose treatments (e.g., Group 8 vs. Groups 4 and 6, 

Group 9 vs. Groups 5 and 7, Dunnett’s test). 
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Figure 2: Effect of Treatment on Acetic Acid-Induced Writhing Test. 

 

4. DISCUSSION 

The findings from this study provide compelling 

evidence for the safety and analgesic potential of 

curcumin, Boswellia serrata extract, and their 

combination in rat models, highlighting their viability as 

natural alternatives to conventional nonsteroidal anti-

inflammatory drugs (NSAIDs). In the acute oral toxicity 

assessment, no mortality, clinical signs of toxicity, or 

macroscopic organ changes were observed at doses up to 

2000 mg/kg body weight for individual extracts and 

1000 + 1000 mg/kg for the combination, classifying 

them under Globally Harmonized System (GHS) 

Category 5 (unclassified, LD₅₀ > 2000 mg/kg). These 

results align with prior toxicological evaluations of 

curcumin, which have consistently demonstrated low 

acute toxicity in rodents, with LD₅₀ values exceeding 

2000 mg/kg in rats and mice, attributed to its poor 

bioavailability and rapid metabolism (Sharma et al., 

2007). Similarly, Boswellia serrata extracts standardized 

to boswellic acids have shown negligible toxicity in 

acute studies, with no adverse effects at doses up to 5000 

mg/kg in rats, supporting their traditional use in 

Ayurvedic medicine without significant safety concerns 

(Krüger et al., 2008). The absence of toxicity in the 

combination treatment suggests no additive or synergistic 

adverse interactions, which is crucial for polyherbal 

formulations where compound interactions could 

potentially amplify risks (Ekor, 2014). This safety profile 

is particularly advantageous compared to NSAIDs like 

indomethacin, which exhibit gastrointestinal and renal 

toxicity even at therapeutic doses, underscoring the need 

for safer options in chronic pain management 

(Harirforoosh et al., 2013). 

 

In the hot plate test, which evaluates centrally mediated 

thermal nociception, both curcumin and B. serrata 

extract demonstrated dose-dependent prolongation of 

reaction latencies, with peak effects at 90 minutes and 

%MPE values ranging from 18–32% for individual 

treatments at 100–200 mg/kg. These outcomes 

corroborate previous investigations into curcumin's 

central analgesic mechanisms, which involve modulation 

of descending pain pathways, including inhibition of NF-

κB and enhancement of opioid receptor sensitivity in the 

central nervous system (Zhao et al., 2012). For instance, 

a study by De Paz-Campos et al. (2014) reported similar 

dose-dependent increases in hot plate latencies with 

curcumin in mice, linking the effects to reduced 

glutamate release and neuroinflammation. Likewise, B. 

serrata extract's efficacy in this model may stem from its 

ability to cross the blood-brain barrier and inhibit central 

inflammatory mediators, as evidenced by reduced pain 

responses in thermal hyperalgesia models (Bishnoi et al., 

2011). Notably, the combinations yielded superior 

%MPE (42–52%) approaching that of diclofenac (60%), 

with statistical significance over single agents (#p < 

0.05), indicating synergy. This potentiation could arise 

from complementary actions: curcumin's COX-2 

inhibition and Boswellia's 5-LOX blockade, collectively 

suppressing prostaglandin and leukotriene pathways 

more effectively than monotherapy (Sengupta et al., 

2008). Such synergistic effects have been observed in 

other polyherbal studies, where combined 

phytochemicals enhance bioavailability and target 

multiple pain cascades, reducing the required doses and 

potential side effects (Harwood & Chrubasik-Hausmann, 

2022). 

 

The acetic acid-induced writhing test, a model for 

peripheral visceral pain driven by inflammatory 

mediators, further substantiated the analgesic properties, 

with individual treatments achieving 23.6–41.8% 
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inhibition of writhes at 100–200 mg/kg. Curcumin's 

peripheral analgesia is well-documented, involving 

suppression of prostaglandin E2 synthesis and 

antioxidant activity that mitigates acetic acid-induced 

oxidative stress (Bulboacă et al., 2019). Comparable 

results were reported by Tajik et al. (2017), where 

curcumin at 200 mg/kg reduced writhing by 

approximately 40% in mice via COX pathway 

modulation. For B. serrata, the observed inhibition 

aligns with its leukotriene antagonism, which disrupts 

inflammatory cascades in peripheral tissues, as shown in 

carrageenan-induced paw edema models where boswellic 

acids decreased pain scores by 30–50% (Kumar et al., 

2019). The combinations exhibited enhanced inhibition 

(49.1–63.6%), nearing diclofenac's 67.3%, with 

synergistic significance (#p < 0.05). This synergy likely 

reflects the dual blockade of arachidonic acid 

metabolites—prostaglandins by curcumin and 

leukotrienes by boswellic acids—providing broader anti-

inflammatory coverage than single agents (Ammon, 

2016). Clinical parallels exist; a meta-analysis of 

randomized trials found curcumin-boswellia 

combinations effective in reducing pain in osteoarthritis 

patients, with effect sizes comparable to NSAIDs but 

fewer gastrointestinal adverse events (Bannuru et al., 

2018). 

 

Overall, the dose-dependent analgesic effect and low 

toxicity support the therapeutic promise of curcumin and 

B. serrata for inflammatory pain, particularly when 

combined, which may offer additive benefits through 

multi-target mechanisms. This is consistent with the 

growing body of evidence for phytomedicines in pain 

therapy, in which natural compounds demonstrate 

efficacy with improved tolerability (Fürst & Zündorf, 

2014). However, limitations include the use of male rats 

only, which may overlook sex-specific responses, and the 

acute nature of the models, which may not fully capture 

chronic pain dynamics (Machelska & Celik, 2020). 

Future studies should explore chronic models, 

bioavailability-enhancing strategies (e.g., piperine co-

administration), and human translation to validate these 

findings. In conclusion, this research underscores the 

potential of curcumin-Boswellia combinations as safe, 

synergistic analgesics, warranting further investigation 

for clinical applications in pain management. 

 

5. CONCLUSION 

The present study establishes that curcumin, Boswellia 

serrata extract, and their combination exhibit excellent 

safety profiles with no acute toxicity up to 2000 mg/kg in 

rats, alongside robust, dose-dependent analgesic activity 

in both central and peripheral pain models. The observed 

synergy in the combination treatment, evidenced by 

superior latency prolongation in the hot plate test and 

enhanced writhing inhibition compared to monotherapy, 

highlights the therapeutic advantage of targeting 

complementary inflammatory pathways (COX-

2/prostaglandins and 5-LOX/leukotrienes). These 

findings align with emerging evidence on 

phytotherapeutic combinations offering efficacy 

comparable to NSAIDs with improved tolerability. Given 

the growing demand for safer alternatives in chronic pain 

management, this research supports further preclinical 

chronic models and clinical translation of curcumin-

Boswellia formulations to validate their role as effective, 

natural analgesics. 
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