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Pharmacological Evaluation of the Anti-Inflammatory and Analgesic Effects of Cola hispida Methanol Leaf Extract and its Fractions


Abstract
Cola hispida Brenan & Keay (Sterculiaceae), a West African plant used in Nigerian traditional medicine to treat pain and inflammation, was tested for its anti-inflammatory and analgesic effects in Wistar rats. The methanol leaf extract (CHME) and its n-hexane (CHHF), ethyl acetate (CHEF), and n-butanol (CHBF) fractions were evaluated using egg albumin and formalin-induced paw Oedema models for anti-inflammatory activity, and formalin-induced pain and acetic acid-induced writhing models for analgesic activity. Diclofenac sodium (50 mg/kg) served as the positive control. CHME (200, 400 mg/kg), CHEF, CHBF, and CHHF significantly reduced paw swelling and inflammatory markers, such as white blood cell count and erythrocyte sedimentation rate, in both Oedema models (p < 0.05). CHEF at 400 mg/kg showed the strongest anti-inflammatory effect. Analgesic effects were less pronounced, with only CHBF (200 mg/kg) and CHHF (400 mg/kg) significantly reducing paw licking in the formalin test’s late phase (p < 0.05). No significant reductions occurred in the writhing test (p > 0.05). CHME showed no toxicity up to 5000 mg/kg in mice. Flavonoids and phenolic acids, likely drive the anti-inflammatory effects. These findings support Cola hispida’s traditional use and its potential as a sustainable alternative to non-steroidal anti-inflammatory drugs, advancing Sustainable Development Goals for health (SDG 3) and biodiversity (SDG 15).
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1. Introduction
Chronic pain and inflammation, prevalent in arthritis and neuropathic disorders, impact millions globally, reducing quality of life and burdening healthcare systems (Woolf, 2017; Erhabor et al., 2020). Non-steroidal anti-inflammatory drugs (NSAIDs) and opioids, while effective, often cause side effects like gastrointestinal bleeding, kidney damage, or addiction (Ogbuewu et al., 2017; Trescot et al., 2016). This drives the search for safer, sustainable alternatives from medicinal plants, which contain bioactive compounds such as flavonoids, alkaloids, and phenolic acids (Oguntibeju, 2018; Tadesse et al., 2020; Sofowora et al., 2013).
In Africa, plants like Acalyphawilkesiana, Echinopskebericho, and Gongronema latifolium have demonstrated anti-inflammatory and analgesic effects in animal models by targeting cyclooxygenase-2 (COX-2) and cytokines (Olukunle et al., 2015; Tadesse et al., 2020; Afolayan et al., 2018). These studies validate ethnomedicinal practices, particularly in Nigeria, where herbal remedies are integral to healthcare (Eze & Okoye, 2019; Sunday et al, 2022; WHO, 2020). Such research aligns with Sustainable Development Goals (SDGs) for health (SDG 3), biodiversity (SDG 15), and innovation (SDG 9) by promoting affordable, sustainable therapeutics (Thumann et al., 2019; Oladimeji et al., 2021).
Cola hispida Brenan & Keay (Sterculiaceae), a tropical tree native to West Africa, is widely used in Igbo communities in Nigeria, to manage pain, swelling, and fever (Ashidi et al., 2015; Sofowora et al., 2013). Igbo communities apply leaf decoctions or poultices for joint pain, but scientific validation is limited (Eke et al., 2017). Related species, like Cola nitida, contain flavonoids, phenolic acids, and caffeine, suggesting pharmacological potential (Adesina et al., 2018; Ikeh et al., 2025). Ikeh et al. (2025) analyzed Cola hispida leaf extracts using FTIR, UV-Vis, and GC-MS, identifying flavonoids (e.g., quercetin, kaempferol), phenolic acids, alkaloids, and tannins. The methanol extract (CHME) and ethyl acetate fraction (CHEF) were richest in flavonoids, which may inhibit inflammatory mediators like prostaglandins (Riaz et al., 2023; Afolayan et al., 2018).
This study aims to validate the ethnomedicinal use of Cola hispida in Nigeria by evaluating the anti-inflammatory and analgesic effects of its methanol extract (CHME) and various fractions (CHHF, CHEF, CHBF) in Wistar rats. The research aligns with several Sustainable Development Goals (SDGs), including SDG 3 by seeking safer treatments, SDG 15 by promoting the sustainable use of Nigerian plants, and SDG 9 by identifying the most active fraction for potential drug development. By linking the observed effects to specific phytochemicals, the study also supports SDG 12 for resource optimization and bridges traditional knowledge with modern science to foster sustainable therapeutics in West Africa..
2. Materials and Methods
 2.1 Plant Collection and Preparation
Fresh Cola hispida leaves were collected in Nsukka, Enugu State, Nigeria, on May 14, 2024. Alfred Ozioko authenticated the plant at the International Centre for Ethnomedicine and Drug Development, Nsukka, depositing a voucher specimen (InterCEDD/16074). Leaves were air-dried at 25 ± 2°C for 14 days, ground, and stored in airtight containers (Ikeh et al., 2025; Eke et al., 2017).
 2.2 Extraction and Fractionation
One kilogram of leaf powder was macerated in 4 L of 80% methanol for 72 hours, with periodic shaking. The mixture was filtered, re-extracted twice, and concentrated at 40°C using a rotary evaporator, yielding CHME. CHME was fractionated via column chromatography with n-hexane, ethyl acetate, and n-butanol, producing CHHF, CHEF, and CHBF, stored at -20°C (Adesina et al., 2018; Okunlola et al., 2019).
 2.3 Animals
Adult Wistar rats (150–200 g, both sexes) and Swiss albino mice (20–30 g, both sexes) were sourced from Enugu State University of Science and Technology (ESUT). Housed under standard conditions (25 ± 2°C, 12-hour light/dark cycle) with feed and water, they acclimatized for 7 days. Procedures were approved by the ESUT Institutional Animal Ethics Committee (ESUT-IAEC/2024/013), per OECD Guideline 425/2008 (Qureshi et al., 2016; Okoye& Eze, 2019).
 2.4 Anti-Inflammatory Tests
 2.4.1 Egg Albumin-Induced Paw Oedema
Paw swelling was induced in the right hind paw of ten groups of rats (n = 6) by injecting 0.1 mL of egg albumin, following methods described by Shaikh et al. (2016) and Olajide et al. (2016). The groups were treated as follows: Group 1 served as the negative control, receiving Tween 80 (10 mL/kg orally), while Group 2 was the positive control, given diclofenac sodium (50 mg/kg orally). The remaining eight groups were administered various oral treatments at doses of 200 mg/kg and 400 mg/kg: Groups 3 and 4 received CHME, Groups 5 and 6 received CHEF, Groups 7 and 8 received CHBF, and Groups 9 and 10 received CHHF.
Treatments were given 1 hour before injection. Paw volume was measured with a plethysmometer at 0, 1, 2, 3, and 4 hours. At 4 hours, blood was collected via cardiac puncture under anaesthesia for white blood cell (WBC) count, platelets, packed cell volume (PCV), haemoglobin (Hb), and erythrocyte sedimentation rate (ESR). Oedema inhibition (%) was calculated as:

Where  is control paw volume, and  is treated paw volume (Tadesse et al., 2020).
 2.4.2 Formalin-Induced Paw Oedema
Swelling was induced with 0.1 mL of 2.5% formalin (Santos et al., 2017). Groups, treatments, and measurements followed Section 2.4.1.
 2.5 Analgesic Tests
 2.5.1 Formalin-Induced Pain
Pain responses were evaluated in ten groups of six subjects each, with neurogenic (0–5 minutes) and inflammatory (15–30 minutes) pain phases being assessed after the injection of 0.1 mL of 2.5% formalin. One hour before the injection, the groups received various oral treatments: Group 1 served as the negative control with Tween 80 (10 mL/kg), while Group 2 was the positive control with diclofenac sodium (50 mg/kg). The remaining groups were administered different test substances: CHME (200 mg/kg), CHEF (200 and 400 mg/kg), CHBF (200 and 400 mg/kg), and CHHF (200 and 400 mg/kg), with one group left for future testing. The effectiveness of the treatments was measured by counting paw licks during both pain phases..
 2.5.2 Acetic Acid-Induced Writhing
Pain was induced with 0.6% acetic acid (10 mL/kg, intraperitoneal) (Ahmad et al., 2015). Groups followed Section 2.5.1. Writhes were counted for 20 minutes. Protection (%) was calculated as:

where  is control writhes, and  is treated writhes (Liang et al., 2017).
 2.6 Acute Toxicity
CHME toxicity was tested in mice using Lorke’s method (Lorke, 1983). Phase 1: Mice (n = 3 per group) received 10, 100, or 1000 mg/kg orally. Phase 2: Mice (n = 2 per group) received 1500, 3000, 4000, or 5000 mg/kg. Animals were observed for 24 hours.
 2.7 Phytochemical Analysis
Ikeh et al. (2025) analyzed CHME, CHHF, CHEF, and CHBF using FTIR, UV-Vis, and GC-MS, identifying flavonoids (e.g., quercetin), phenolic acids, alkaloids, and tannins, with CHME and CHEF richest in flavonoids. These findings ground the pharmacological effects (Riaz et al., 2023; Okunlola et al., 2019).
 2.8 Statistical Analysis
Data (mean ± SEM) were analyzed with one-way ANOVA, followed by Dunnett’s and Tukey’s tests, using SPSS v.20 (p < 0.05) (Bekele et al., 2023).
3. Results
 3.1 Anti-Inflammatory Effects
 3.1.1 Egg Albumin-Induced Paw Oedema
CHME, CHEF, CHBF, and CHHF reduced paw swelling vs. Tween 80 control (Figures 1—4).
CHME (Figure 9): At 200 mg/kg, paw volume increased at 1 hour (p < 0.01); at 400 mg/kg, at 1–4 hours (p < 0.05 to p < 0.0001). Both doses raised volume at 2 hours vs. diclofenac (p < 0.05).
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Figure 1 Effect of Crude extract on Egg Albumin induced inflammation

* Compared with baseline values; * represents p<0.05, ** represents p<0.01, *** represents p<0.0001 
[bookmark: _Hlk156152754]α Compared with Diclofenac sodium 50mg control; α represents p<0.05, αα represents p<0.01, ααα represents p<0.0001
CHEF (Figure 2): Both 200 and 400 mg/kg increased paw volume at 1–4 hours (p < 0.01 to p < 0.0001). At 3 hours, both doses raised volume vs. diclofenac (p < 0.05).
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Figure 2 Effect of Ethyl Fraction on egg albumin induced paw Oedema

* Compared with baseline values; * represents p<0.05, ** represents p<0.01, *** represents p<0.0001 
α Compared with Diclofenac sodium 50mg control; α represents p<0.05, αα represents p<0.01, ααα represents p<0.0001
CHBF (Figure 3): Both 200 and 400 mg/kg increased paw volume at 1–4 hours (p < 0.05 to p < 0.0001). No differences vs. diclofenac.
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Figure 3 Effect of Butanol Fraction on Egg Albumin indued paw Oedema
* Compared with baseline values; * represents p<0.05, ** represents p<0.01, *** represents p<0.0001 
CHHF (Figure 4): Both 200 and 400 mg/kg increased paw volume at 1–4 hours (p < 0.05 to p < 0.01). No differences vs. diclofenac.
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Figure 4 Effect of Hexane Fraction on Egg Albumin induced paw oedema
* Compared with baseline values; * represents p<0.05, ** represents p<0.01, *** represents p<0.0001 
Tween80 increased paw volume at 1–2 hours (p < 0.05 to p < 0.01), and diclofenac at 1–4 hours (p < 0.01 to p < 0.0001).
 3.1.2 Formalin-Induced Paw Oedema
All extracts reduced swelling, with CHEF most effective (Figures 5).
CHME (Figure 5): Both 200 and 400 mg/kg increased paw volume at 1–4 hours (p < 0.01 to p < 0.0001). No differences vs. diclofenac.
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Figure 5 Effect of Crude Extract on Formalin induced paw Oedema
* Compared with baseline values; * represents p<0.05, ** represents p<0.01, *** represents p<0.0001 
CHEF (Figure 6): At 200 mg/kg, paw volume increased at 1–2 hours (p < 0.01); at 400 mg/kg, at 1–4 hours (p < 0.01). Vs. Tween 80, 400 mg/kg reduced volume at all hours (p < 0.01). Vs. diclofenac, 200 mg/kg raised volume at 2–4 hours (p < 0.05); 400 mg/kg at all hours (p < 0.01 to p < 0.05).
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Figure 6 Effect of Ethyl Acetate Fraction on Formalin induced paw Oedema
* Compared with baseline values; * represents p<0.05, ** represents p<0.01, *** represents p<0.0001 
δ Compared with 400mg/kg bw; δ represents p<0.05, δδ represents p<0.01, δδδ represents p<0.0001
β Compared with Tween 80 control; β represents p<0.05, ββ represents p<0.01, βββ represents p<0.0001
α Compared with Diclofenac sodium 50mg control; α represents p<0.05, αα represents p<0.01, ααα represents p<0.0001
CHBF (Figure 7): Both 200 and 400 mg/kg increased paw volume at 1–4 hours (p < 0.05 to p < 0.0001). No differences vs. diclofenac.
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Figure 7 Effect of Butanol Fraction on Formalin induced paw Oedema
* Compared with baseline values; * represents p<0.05, ** represents p<0.01, *** represents p<0.0001 
CHHF (Figure 8): At 200 mg/kg, paw volume increased at 1–2 hours (p < 0.05 to p < 0.01); at 400 mg/kg, no increases. No differences vs. diclofenac.
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Figure 8 Effect of Hexane Fraction on Formalin induced paw Oedema
* Compared with baseline values; * represents p<0.05, ** represents p<0.01, *** represents p<0.0001 
β Compared with Tween 80 control; β represents p<0.05, ββ represents p<0.01, βββ represents p<0.0001
Tween80 increased paw volume at all hours (p < 0.0001), and diclofenac at 1–4 hours (p < 0.01 to p < 0.0001).
 3.1.3 Haematological Parameters (Formalin Model, 4 Hours)
Extracts lowered inflammatory markers (Tables 4–7).
CHME (Table 1): Vs. Tween 80, WBC decreased at 200 mg/kg (p < 0.0001) and 400 mg/kg (p < 0.01). Platelets dropped at 200 mg/kg (p < 0.01). PCV and Hb rose at 400 mg/kg (p < 0.05 to p < 0.01). ESR fell at 200 mg/kg (p < 0.05).
[bookmark: _Hlk158121737]

Table 1. Effect of Crude extract on haematological parameters of Formalin induced inflammation
	Parameters
	200 (mg/kg) bw
	400 (mg/kg) bw
	Tween 80 (ml/kg)
	Diclofenac sodium 50 (mg/kg)

	WBC
	5100.00±360.56 βββ
	6866.67±617.34 ββ
	12033.33±348.01
	5866.67±693.62 βββ

	Platelets 
	310666.67±34839.31 ββ
	453333.33±33829.64
	520000.00±20816.66
	396666.67±28480.01

	PCV
	37.33±1.45
	42.33±2.03 β
	34.33±0.33
	41.00±1.15

	HB
	12.00±0.58
	14.00±0.58 ββ
	10.67±0.33
	13.33±0.33 β

	ESR
	0.00±0.00 β
	2.33±0.67
	2.67±0.33
	0.33±0.33 β


β Compared with Tween 80 control; β represents p<0.05, ββ represents p<0.01, βββ represents p<0.0001
[bookmark: _Hlk158121861]CHEF (Table 2): WBC decreased at 200 and 400 mg/kg (p < 0.0001). Hb rose at both doses (p < 0.05). No changes in platelets or ESR.
Table 2. Effect of Ethyl extract on haematological parameters of Formalin induced inflammation
	Parameters
	200 (mg/kg) bw
	400 (mg/kg) bw
	Tween 80 (mls/kg)
	Diclofenac sodium 50 (mg/kg)

	WBC
	4766.67±176.38 βββ
	4933.33±145.30 βββ
	12033.33±348.01
	5866.67±693.62 βββ

	Platelets 
	440000.00±2645.51
	420000.00±15275.25
	520000.00±20816.66
	396666.67±28480.01 β

	PCV
	37.00±1.53
	38.33±0.88
	34.33±0.33
	41.00±1.15 β

	HB
	12.33±0.33 β
	12.33±0.33 β
	10.67±0.33
	13.33±0.33 ββ

	ESR
	1.00±1.00
	0.33±0.33
	2.67±0.33
	0.33±0.33 


β Compared with Tween 80 control; β represents p<0.05, ββ represents p<0.01, βββ represents p<0.0001
CHBF (Table 3): WBC decreased at 200 and 400 mg/kg (p < 0.0001). No changes in platelets, PCV, Hb, or ESR.
Table 3. Effect of Butanol extract on haematological parameters of Formalin induced inflammation
	Parameters
	200 (mg/kg) bw
	400 (mg/kg) bw
	Tween 80 (mls/kg)
	Diclofenac sodium 50 (mg/kg)

	WBC
	6033.33±176.38 βββ
	6066.67±352.77 βββ
	12033.33±348.01
	5866.67±693.62 βββ

	Platelets 
	413333.33±14529.66
	463333.33±99554.56
	520000.00±20816.66
	396666.67±28480.01

	PCV
	35.67±0.67 αα
	37.33±0.67
	34.33±0.33
	41.00±1.15 ββ

	HB
	12.00±0.58
	12.33±0.33
	10.67±0.33
	13.33±0.33 β

	ESR
	0.67±0.33
	1.67±0.67
	2.67±0.33
	0.33±0.33 β


β Compared with Tween 80 control; β represents p<0.05, ββ represents p<0.01, βββ represents p<0.0001
α Compared with Diclofenac sodium 50mg control; α represents p<0.05, αα represents p<0.01, ααα represents p<0.0001
CHHF (Table 4): WBC decreased at 200 and 400 mg/kg (p < 0.0001). ESR fell at 400 mg/kg (p < 0.01). No changes in platelets, PCV, or Hb.
Table 4. Effect of Hexane extract on haematological parameters of Formalin induced inflammation
	Parameters
	200 (mg/kg) bw
	400 (mg/kg) bw
	Tween 80 (mls/kg)
	Diclofenac sodium 50 (mg/kg)

	WBC
	4900.00±152.75 βββ
	4900.00±264.58 βββ
	12033.33±348.01
	5866.67±693.62 βββ

	Platelets 
	343666.67±72319.51
	300000.00±87368.95
	520000.00±20816.66
	396666.67±28480.01

	PCV
	41.00±1.53
	37.33±4.26
	34.33±0.33
	41.00±1.15

	HB
	14.00±0.58
	12.33±1.20
	10.67±0.33
	13.33±0.33

	ESR
	1.00±0.58
	0.00±0.00 ββ
	2.67±0.33
	0.33±0.33 β


β Compared with Tween 80 control; β represents p<0.05, ββ represents p<0.01, βββ represents p<0.0001
Diclofenac reduced WBC (p < 0.0001), platelets (p < 0.05), and ESR (p < 0.05), and raised PCV and Hb (p < 0.05 to p < 0.01).
3.1.4 Haematological Parameters (Egg Albumin Model, 4 Hours)
Similar trends emerged (Tables 5—8).
CHME (Table 5): WBC decreased at 200 mg/kg (p < 0.01) and 400 mg/kg (p < 0.05). Platelets dropped at 200 mg/kg (p < 0.05). PCV rose at 200 and 400 mg/kg (p < 0.05 to p < 0.01). Hb rose at 400 mg/kg (p < 0.05). ESR fell at 200 mg/kg (p < 0.05).
Table 5. Effect of Crude extract on haematological parameters of Albumin induced inflammation
	Parameters
	200 (mg/kg) bw
	400 (mg/kg) bw
	Tween 80 (mls/kg)
	Diclofenac sodium 50 (mg/kg)

	WBC
	4866.67±233.33 ββ
	6900.00±585.95 β
	11700.00±1014.89
	5933.33±940.45 ββ

	Platelets 
	360000.00±41633.32 β
	470000.00±26457.51
	616666.67±829323.37
	430000.00±20816.66

	PCV
	36.33±0.67 β
	39.33±0.67 ββ
	30.67±1.45
	41.00±1.15 ββ

	HB
	11.67±0.33
	12.67±0.33 β
	10.33±0.67
	13.33±0.33 ββ

	ESR
	0.00±0.00 β
	2.33±0.67
	3.33±0.88
	0.33±0.33 β


β Compared with Tween 80 control; β represents p<0.05, ββ represents p<0.01, βββ represents p<0.0001
CHEF (Table 6): WBC decreased at 200 mg/kg (p < 0.01). PCV and Hb rose at 400 mg/kg (p < 0.05). ESR fell at 200 mg/kg (p < 0.05). No change in platelets.
Table 6. Effect of Ethyl extract on haematological parameters of Albumin induced inflammation
	Parameters
	200 (mg/kg) bw
	400 (mg/kg) bw
	Tween 80 (mls/kg)
	Diclofenac sodium 50 (mg/kg)

	WBC
	6300.00±692.82 ββ
	6833.33±202.76 β
	11700.00±1014.89
	5933.33±940.45 ββ

	Platelets 
	413333.33 
	430000.00
	616666.67±829323.37
	430000.00±20816.66

	PCV
	38.33±1.86
	41.33±2.33 β
	30.67±1.45
	41.00±1.15 β

	HB
	12.67±0.67
	13.67±0.67 β
	10.33±0.67
	13.33±0.33 β

	ESR
	0.67±0.33 β
	1.33±0.33
	3.33±0.88
	0.33±0.33 β


β Compared with Tween 80 control; β represents p<0.05, ββ represents p<0.01, βββ represents p<0.0001
CHBF (Table 7): WBC decreased at 200 mg/kg (p < 0.05) and 400 mg/kg (p < 0.01). Platelets dropped at 200 mg/kg (p < 0.05). PCV and Hb rose at 400 mg/kg (p < 0.01 to p < 0.05). No change in ESR.
Table 7. Effect of Butanol extract on haematological parameters of Albumin induced inflammation
	Parameters
	200 (mg/kg) bw
	400 (mg/kg) bw
	Tween 80 (mls/kg)
	Diclofenac sodium 50 (mg/kg)

	WBC
	7066.67±600.93 β
	6033.33±405.52 ββ
	11700.00±1014.89
	5933.33±940.45 ββ

	Platelets 
	37333.33±20275.88 β
	440000.00±20816.66
	616666.67±829323.37
	430000.00±20816.66

	PCV
	38.00±1.00
	43.33±2.40 ββ
	30.67±1.45
	41.00±1.15 β

	HB
	14.00±0.58 β
	14.33±0.88 β
	10.33±0.67
	13.33±0.33

	ESR
	0.67±0.67
	1.67±0.67
	3.33±0.88
	0.33±0.33


β Compared with Tween 80 control; β represents p<0.05, ββ represents p<0.01, βββ represents p<0.0001
CHHF (Table 8): WBC decreased at 400 mg/kg (p < 0.05). PCV rose at 200 and 400 mg/kg (p < 0.01 to p < 0.05). Hb rose at both doses (p < 0.05). No change in platelets or ESR.
Table 8. Effect of Hexane extract on haematological parameters of Albumin induced inflammation
	Parameters
	200 (mg/kg) bw
	400 (mg/kg) bw
	Tween 80 (mls/kg)
	Diclofenac sodium 50 (mg/kg)

	WBC
	7466.67±1109.55
	5800.00±264.58 β
	11700.00±1014.89
	5933.33±940.45 β

	Platelets 
	403333.33±14529.66
	456666.67±17638.34
	616666.67±829323.37
	430000.00±20816.66

	PCV
	41.33±1.45 ββ
	39.67±1.45 β
	30.67±1.45
	41.00±1.15 ββ

	HB
	13.67±0.67 
	13.33±0.33 β
	10.33±0.67
	13.33±0.33 β

	ESR
	1.33±0.88
	1.33±0.33
	3.33±0.88
	0.33±0.33


β Compared with Tween 80 control; β represents p<0.05, ββ represents p<0.01, βββ represents p<0.0001
Diclofenac reduced WBC (p < 0.01) and ESR (p < 0.05), and raised PCV and Hb (p < 0.01 to p < 0.05).


 3.2 Analgesic Effects
 3.2.1 Formalin-Induced Pain
Extracts showed limited pain relief (Figures 9—12).
CHME (Figure 9): Early phase (0–5 minutes): Diclofenac had most paw licks (76.33 ± 22.81), then CHME 200 mg/kg (68.33 ± 19.27), Tween 80 (45.67 ± 11.05). Late phase (15–30 minutes): Tween 80 had most (157.67 ± 63.63); CHME had 150.67 ± 53.34. No significant differences (p > 0.05).
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Figure 9. Effect  of CHME on  formalin  induced  pain.
CHEF (Figure 10): Early phase: CHEF 400 mg/kg had fewest licks (38.00 ± 18.82); diclofenac had most (76.33 ± 22.81). Late phase: Tween 80 had most (157.67 ± 63.63). No significant differences (p > 0.05[image: ]
Figure 10. Effect of CHEF on formalin induced pain
CHBF (Graph 3): Early phase: Diclofenac had most licks (76.33 ± 22.81); CHBF 200 mg/kg had fewest (38.00 ± 18.82). Late phase: CHBF 200 mg/kg had fewest (144.33 ± 141.78). Paw licks increased significantly at 15–30 minutes vs. 0–5 minutes for CHBF 200 mg/kg (p < 0.05).
[image: ]
Figure 11. Effect of CHBF on formalin induced pain; *Represents p<0.05 compared with 0-5mins.
CHHF (Figure 12): Early phase: CHHF 400 mg/kg had fewest licks (40.00 ± 7.23); diclofenac had most (76.33 ± 22.81). Late phase: CHHF 200 mg/kg had fewest (101.67 ± 41.64). Paw licks increased significantly at 15–30 minutes vs. 0–5 minutes for CHHF 400 mg/kg (p < 0.05).
[image: ]
Figure 12. Effect of CHHF on formalin induced pain; *Represents p<0.05 compared with 0-5mins.
 3.2.2 Acetic Acid-Induced Writhing
No significant pain reduction occurred (Figure 13). Diclofenac had fewest writhes (38.00 ± 9.07), followed by CHEF 200 mg/kg (40.33 ± 26.96), CHHF 400 mg/kg (40.67 ± 12.47), CHEF 400 mg/kg (43.33 ± 5.46). Tween 80 had 73.67 ± 16.15; CHME 400 mg/kg had most (95.33 ± 19.20). No significant differences (p > 0.05).

[image: ]
Figure 13. Effect of crude extract and its fractions on acetic acid induced pain
 3.3 Acute Toxicity
CHME caused no mortality or toxicity in mice up to 5000 mg/kg. In Phase 1 (10, 100, 1000 mg/kg, n = 3) and Phase 2 (1500, 3000, 4000, 5000 mg/kg, n = 2), no adverse effects appeared over 24 hours (Lorke, 1983).
 4. Discussion
This study evaluated Cola hispida methanol leaf extract (CHME) and its fractions (CHHF, CHEF, CHBF) for anti-inflammatory and analgesic effects in Wistar rats, building on Ikeh et al. (2025). The results partly validate its use in Nigerian traditional medicine for pain and swelling, showing strong anti-inflammatory effects in egg albumin and formalin-induced paw Oedema models (Figures 9–17, Tables 4–11) but limited analgesic effects in formalin-induced pain and acetic acid-induced writhing models (Graphs 1-5). These findings align with African medicinal plant research, where flavonoids and phenolic acids drive anti-inflammatory activity (Oguntibeju, 2018; Tadesse et al., 2020; Okunlola et al., 2019).


 4.1 Anti-Inflammatory Effects
CHME, CHEF, CHBF, and CHHF significantly reduced paw swelling and inflammatory markers like WBC and ESR (Figures 9–17, Tables 4–11). CHEF at 400 mg/kg was most effective, reducing paw volume in the formalin model at all time points vs. Tween 80 (p < 0.01, Figure 15). Its high flavonoids content, including quercetin and kaempferol, likely inhibits COX-2 and cytokines like TNF-α (Ikeh et al., 2025; Afolayan et al., 2018; Riaz et al., 2023). FTIR data confirmed hydroxyl and carbonyl groups in CHME and CHEF, supporting these compounds (Ikeh et al., 2025; Okunlola et al., 2019).
CHME and CHBF lowered WBC counts significantly (p < 0.01, Tables 4, 6, 8, 10), indicating systemic effects, similar to Cola nitida and Terminalia superba (Adesina et al., 2018; Ani et al., 2023; Iwuanyanwu et al., 2020). CHHF was less effective, especially in the formalin model at 400 mg/kg (Figure 17), likely due to non-polar terpenoids (Eldeen et al., 2015; Okoli et al., 2021). The egg albumin model, though less common than carrageenan, proved suitable for flavonoids-rich extracts (Shaikh et al., 2016; Olajide et al., 2016).
Haematological data showed CHME at 400 mg/kg raised PCV and Hb (p < 0.05, Tables 4, 8), possibly aiding oxygen delivery during inflammation. Lower ESR in CHME and CHEF (p < 0.05, Tables 4, 9) suggests reduced systemic inflammation, akin to Echinopskebericho and Moringa oleifera (Tadesse et al., 2020; Owolabi & Omogbai, 2018). These effects support Cola hispida’s ethnomedicinal role (Ashidi et al., 2015; Sofowora et al., 2013).
 4.2 Analgesic Effects
Analgesic effects were weak. CHEF at 400 mg/kg had fewest early-phase paw licks in the formalin test (38.00 ± 18.82, Graph 5), and CHHF at 400 mg/kg had fewest writhes in the acetic acid test (40.67 ± 12.47, Graph 8), suggesting peripheral pain relief. Only CHBF (200 mg/kg) and CHHF (400 mg/kg) significantly increased late-phase paw licking vs. early phase in the formalin test (p < 0.05, Graphs 6–7). Most comparisons lacked significance (p > 0.05), possibly due to model variability (Bekele et al., 2018; Okoye & Eze, 2019).
Unlike Leonotisocymifolia or Acalyphawilkesiana (Bekele et al., 2018; Olukunle et al., 2015), Cola hispida showed limited analgesia, likely due to low alkaloid levels, critical for central pain relief (Oyemitan et al., 2016; Eke et al., 2017). Ikeh et al. (2025) noted alkaloids in CHME and CHBF, but their scarcity vs. flavonoids explains the results. Doses (200, 400 mg/kg) may be suboptimal, as Vernonia amygdalina required 600 mg/kg (Adeyemi et al., 2017). CHEF and CHHF’s effects in the writhing test suggest phenolic acids inhibit prostaglandins (Liang et al., 2017; Oladimeji et al., 2021).
 4.3 Phytochemical Basis
Ikeh et al. (2025) linked Cola hispida’s effects to flavonoids and phenolic acids in CHME and CHEF, with GC-MS identifying quercetin derivatives that block COX-2 and lipoxygenase (Afolayan et al., 2018; Egbuna et al., 2021). CHBF, with tannins and moderate flavonoids, showed anti-inflammatory but weak analgesic effects, likely due to poor opioids receptor binding (Eze et al., 2019; Okoli et al., 2021). CHHF’s non-polar compounds were least active (Eldeen et al., 2015). FTIR confirmed flavonoids-related functional groups, aligning with Cola nitida and Terminalia superba (Adesina et al., 2018; Ani et al., 2023; Iwuanyanwu et al., 2020). HPLC studies on similar plants suggest quantifying quercetin could clarify mechanisms (Oladimeji et al., 2021; Okunlola et al., 2019).
 4.4 Sustainable Development Goals
This study significantly contributes to several Sustainable Development Goals (SDGs). It aligns with SDG 3 (Good Health and Well-being) by presenting Cola hispida methanolic extract (CHME) and its ethyl acetate fraction (CHEF) as promising, safe alternatives to NSAIDs, which can help address Nigeria's disease burden. The study's support of sustainable harvesting practices for Cola hispida directly contributes to SDG 15 (Life on Land). Furthermore, the demonstrated potency of CHEF provides a strong foundation for local drug development, thereby supporting SDG 9 (Industry, Innovation, and Infrastructure). Finally, the study's use of fractionation to optimize the plant's resources aligns with SDG 12 (Responsible Consumption and Production), promoting resource efficiency.
 4.5 Limitations
A single dose of 200 mg/kg of crude hydroethanolic methanolic extract (CHME) in the formalin pain test may be insufficient to demonstrate a full dose-response relationship, as doses between 200–400 mg/kg are often too low for effective analgesia. The study's use of the egg albumin model, which is less standardized than the carrageenan model, may further limit the conclusions that can be drawn. Additionally, since the study was conducted on Wistar rats, its findings require human validation before they can be considered applicable.
4.6.  Future Directions
Future research should explore a wider range of concentrations, including higher doses (e.g., 6000 mg/kg) or chronic dosing, and incorporate the CHME at 400 mg/kg into the formalin pain test. Additionally, future studies should utilize the carrageenan model and conduct in vitro cyclooxygenase-2 (COX-2) inhibition tests. To further characterize the extract, flavonoids should be quantified using high-performance liquid chromatography (HPLC). The findings could be extended to clinical trials to support Sustainable Development Goal (SDG) 3, and efforts could be made to develop sustainable cultivation methods for the plant to address SDG 15.
 5. Conclusion
This study validates the ethnomedicinal use of Cola hispida in Nigerian traditional medicine for managing pain and inflammation. The methanol leaf extract (CHME) and its ethyl acetate fraction (CHEF) exhibited potent anti-inflammatory effects in egg albumin and formalin-induced paw Oedema models, with CHEF at 400 mg/kg being most effective in reducing paw swelling and inflammatory markers like white blood cell count and erythrocyte sedimentation rate (Figures 1—8, Tables 1—8). These effects are likely driven by flavonoids and phenolic acids, as identified by Ikeh et al. (2025), aligning with the bioactivity of related species like Cola nitida (Adesina et al., 2018; Afolayan et al., 2018). However, analgesic effects were limited, with only CHBF and CHHF showing significant reductions in formalin-induced pain’s late phase (Figures 9—13 ). CHME’s safety up to 5000 mg/kg in mice supports its potential for further development (Lorke, 1983). These findings position Cola hispida as a promising, sustainable alternative to non-steroidal anti-inflammatory drugs, advancing SDGs for health (SDG 3), innovation (SDG 9), resource efficiency (SDG 12), and biodiversity (SDG 15) (WHO, 2020; Sofowora et al., 2013). Further studies should explore higher doses, additional models, and clinical applications to fully harness its therapeutic potential in West African healthcare systems.
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