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In Vivo 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 Ethnomedicine for pain and inflammation, was evaluated for its anti-inflammatory and analgesic properties in Wistar rats. The methanol leaf extract (CHME) and its n-hexane (CHHF), ethyl acetate (CHEF), and n-butanol (CHBF) fractions were tested 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, with diclofenac sodium (50 mg/kg) as the positive control. The ethyl acetate fraction (CHEF) at 400 mg/kg exhibited the most potent anti-inflammatory effect, achieving up to 80% inhibition of paw oedema and significantly reducing white blood cell count and erythrocyte sedimentation rate (p < 0.01). CHME, CHBF, and CHHF also reduced oedema significantly (p < 0.05). Notably, CHBF (200 mg/kg) and CHHF (400 mg/kg) significantly decreased paw licking in the formalin test’s late phase by up to 36% (p < 0.05), while CHEF (200 mg/kg) and CHHF (400 mg/kg) reduced writhing by approximately 45% in the acetic acid test, demonstrating robust peripheral pain relief. CHME showed no toxicity up to 5000 mg/kg in mice. Flavonoids and phenolic acids, abundant in CHEF, likely mediate these effects. These findings validate Cola hispida ’s ethnomedicinal use and highlight its potential as a sustainable alternative to non-steroidal anti-inflammatory drugs, supporting Sustainable Development Goals for health (SDG 3) and biodiversity (SDG 15).
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1. Introduction
Inflammation and pain are hallmarks of numerous chronic and acute conditions, posing significant therapeutic challenges globally. In Nigeria and sub-Saharan Africa, inflammatory and pain-related disorders, such as rheumatoid arthritis, low back pain, and sickle cell disease, represent significant public health challenges, particularly in settings with limited access to healthcare resources. A recent study reported a lifetime prevalence of low back pain in Nigeria ranging from 30% to 85%, exceeding global averages due to occupational hazards, poor ergonomics, and inadequate medical facilities (Bello & Adebayo, 2023). Additionally, chronic inflammatory conditions, including arthritis and complications from infectious diseases, contribute to approximately 50% of mortality in sub-Saharan Africa, with non-communicable diseases such as diabetes exacerbating the burden (Mensah et al., 2022). In Nigeria, over 70% of the population relies on traditional herbal remedies due to the high cost and inaccessibility of conventional drugs, highlighting the need for affordable, locally sourced agents with anti-inflammatory and analgesic properties, such as those derived from Cola hispida , to address these pervasive health issues (Oyebode et al., 2021).
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). While the Igbo name "Oji-ogodo" is consistently referenced (Okeke et al., 2020), other ethnic groups in Nigeria use different names for the plant, such as "Ikpa obuko" in Yoruba and "Òbò kpéhé" in Igala, indicating regional linguistic diversity. Igbo communities apply leaf decoctions or poultices for joint pain (Eke et al., 2017). Related species, like Cola nitida, contain flavonoids, phenolic acids, and caffeine, suggesting pharmacological potential (Adesina et al., 2018). In an earlier study, we analysed the extract and fractions of Cola hispida leaf using FTIR, UV-Vis, and GC-MS, identifying flavonoids (e.g., quercetin, kaempferol), phenolic acids, alkaloids, and tannins (Ikeh et al., 2025). 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).
The species Cola hispida , Cola nitida, and Cola acuminata, all within the Malvaceae family, are integral to the traditional medicine of Nigeria, yet their applications and phytochemical profiles differ. The leaves of Cola hispida  are traditionally used in south-western Nigeria as a decoction for conditions with inflammatory characteristics, such as arthritis, and for mild pain (Oyebode et al., 2021). In contrast, the nuts of Cola nitida, commonly known as kola nut, are valued for their stimulant properties and used in social ceremonies and for the treatment of digestive disorders, owing to a high content of caffeine and theobromine (Adebayo & Popoola, 2022). Similarly, the nuts of Cola acuminata are applied for their stimulant effects, particularly in the management of headaches and fatigue, attributed to alkaloids such as caffeine and catechins (Adebayo & Popoola, 2022). From a phytochemical perspective, the leaves of Cola hispida  are rich in flavonoids, tannins, and phenolic compounds, with a lower content of alkaloids compared to those of Cola nitida and Cola acuminata, which may enhance the anti-inflammatory potential of Cola hispida  but limit its stimulant or centrally mediated analgesic effects. These differences position the extracts of Cola hispida  as candidates for targeted therapies with anti-inflammatory properties, distinct from the stimulant-focused applications of related species.
This study investigates the in vivo effects of the methanol leaf extract and fractions of Cola hispida  on inflammation and pain in animal models to validate their traditional use in the herbal medicine of Nigeria. The hypothesis is that the extract and fractions of Cola hispida  exhibit significant activity against inflammation, primarily through pathways mediated by flavonoids, and moderate effects on analgesia compared to standard drugs. The specific research questions are: (1) What are the potencies of the methanol leaf extract and fractions of Cola hispida  in models of egg albumin-induced paw oedema and formalin-induced paw oedema for anti-inflammatory activity and acetic acid-induced writhing for analgesic activity? (2) How do these effects compare to those of reference drugs, such as indomethacin and morphine? (3) Which phytochemical constituents contribute to the pharmacological activities of Cola hispida ? 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 Acute Toxicity
Acute toxicity of the methanol extract (CHME) was assessed in Swiss albino mice (20–30 g, both sexes) using Lorke’s method (1983). In Phase 1, mice (n = 3 per group) received oral doses of 10, 100, or 1000 mg/kg. In Phase 2, mice (n = 2 per group) received 1500, 3000, 4000, or 5000 mg/kg. Animals were observed for mortality, behavioural changes, and adverse effects over 24 hours.


2.3 Phytochemical Analysis
Phytochemical analysis of CHME, n-hexane (CHHF), ethyl acetate (CHEF), and n-butanol (CHBF) fractions was conducted using FTIR, UV-Vis, and GC-MS, and reported in our earlier findings, Ikeh et al (2025). The secondary metabolites flavonoids (e.g., quercetin), phenolic acids, alkaloids, and tannins were identified. CHME and CHEF were richest in flavonoids, supporting their pharmacological effects.
 2.4 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).
 2.5 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).
 2.6 Anti-Inflammatory Tests

 2.6.1 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).
 2.6.2 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 2.6.1.
2.6.3 Anaesthesia and Blood Collection
Rats were anesthetized for blood collection via cardiac puncture using ketamine hydrochloride (50 mg/kg, intraperitoneal; Ketalar, Pfizer, Nigeria) and xylazine (5 mg/kg, intraperitoneal; Xylaz, Vetoquinol, Nigeria). Blood (2–3 mL) was collected in EDTA tubes for haematological analysis and plain tubes for ESR, performed immediately to avoid clotting.
2.6.4 Haematological Analysis
White Blood Cell (WBC) Count and Platelets: Blood samples collected in EDTA tubes were analysed using a Sysmex KX-21N automated haematology analyser (Sysmex Corporation, Japan). The analyser was calibrated daily per manufacturer protocols to ensure accuracy, with control samples run before each batch (Sysmex Corporation, 2021). WBC count and platelet count were reported as cells per cubic millimetre (cells/mm³).
Packed Cell Volume (PCV): Blood was centrifuged in microhematocrit tubes at 10,000 rpm for 5 minutes using a Hawksley microhematocrit centrifuge (Hawksley, UK). PCV was measured as the percentage of red blood cells in the total blood volume (%) (Ochei et al., 2022).
Haemoglobin (Hb): Hb concentration was determined using the cyanmethemoglobin method with a commercial kit (Randox Laboratories, UK). Blood samples were mixed with Drabkin’s reagent, and absorbance was measured at 540 nm on a Jenway 6305 spectrophotometer (Jenway, UK). Hb was reported in grams per decilitre (g/dL) (Afolayan et al., 2023).
Erythrocyte Sedimentation Rate (ESR): ESR was measured using the Westergren method. Blood in citrate tubes was placed in a vertical Westergren tube (Greiner Bio-One, Austria), and the rate of red blood cell sedimentation was recorded after 1 hour, reported in millimetres per hour (mm/h) (Ochei et al., 2022).
Inflammatory Mediators: Analysis of cytokines such as interleukin-6 (IL-6), interleukin-1 beta (IL-1β), and tumour necrosis factor-alpha (TNF-α) was not performed in this study due to equipment limitations. Future studies should employ enzyme-linked immunosorbent assay (ELISA) kits to quantify these mediators, following standard protocols (Tadesse et al., 2021).
2.7 Analgesic Tests

2.7.1 Formalin-Induced Pain

Pain was induced with 0.1 mL of 2.5% formalin in ten groups (n = 6): Group 1 (Tween 80, 10 mL/kg), Group 2 (diclofenac, 50 mg/kg), and Groups 3–9 (CHME 200 mg/kg, CHEF 200 and 400 mg/kg, CHBF 200 and 400 mg/kg, CHHF 200 and 400 mg/kg). Treatments were administered orally 1 hour prior. Paw licking was counted in neurogenic (0–5 minutes) and inflammatory (15–30 minutes) phases.

2.7.2 Acetic Acid-Induced Writhing

Pain was induced with 0.6% acetic acid (10 mL/kg, intraperitoneal). Groups followed Section 2.7.1. Writhes were counted for 20 minutes. Protection (%) was calculated as:

where  is control writhes, and  is treated writhes (Liang et al., 2017).
2.8 Statistical Analysis
Data (mean ± SEM) were analysed 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
All paw volume measurements in anti-inflammatory tests were compared to baseline values (paw volume at 0 hours before oedema induction) and the Tween 80 negative control group (10 mL/kg), with diclofenac sodium (50 mg/kg) as the positive control, as indicated by statistical annotations (β for Tween 80, α for diclofenac).

3.1.1 Egg Albumin-Induced Paw Oedema
The methanol extract of Cola hispida  (CHME), ethyl acetate fraction (CHEF), n-butanol fraction (CHBF), and n-hexane fraction (CHHF) reduced paw swelling compared to Tween 80 (Figures 1–4). CHME at 200 mg/kg increased paw volume 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). CHEF at 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). CHBF and CHHF at 200 and 400 mg/kg increased paw volume at 1–4 hours (p < 0.05 to p < 0.01), with no differences vs. diclofenac. Tween 80 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). See Table 9 for a summary of anti-inflammatory activities.
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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
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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
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Figure 3 Effect of Butanol Fraction on Egg Albumin induced paw Oedema
* Compared with baseline values; * represents p<0.05, ** represents p<0.01, *** represents p<0.0001
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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



3.1.2 Formalin-Induced Paw Oedema
All extracts reduced swelling, with CHEF most effective (Figures 5–8). CHME at 200 and 400 mg/kg increased paw volume at 1–4 hours (p < 0.01 to p < 0.0001), with no differences vs. diclofenac. CHEF at 200 mg/kg increased paw volume at 1–2 hours (p < 0.01); at 400 mg/kg, at 1–4 hours (p < 0.01). CHEF at 400 mg/kg reduced volume vs. Tween 80 at all hours (p < 0.01). CHBF and CHHF at 200 and 400 mg/kg showed similar trends (p < 0.05 to p < 0.01), with no differences vs. diclofenac. Tween 80 increased paw volume at all hours (p < 0.0001), and diclofenac at 1–4 hours (p < 0.01 to p < 0.0001). See Table 9 for a summary.
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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
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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
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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
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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



3.1.3 Haematological Parameters (Formalin Model, 4 Hours)
[bookmark: _Hlk158121737]Extracts lowered inflammatory markers (Tables 1–4). CHME reduced WBC at 200 mg/kg (p < 0.0001) and 400 mg/kg (p < 0.01), platelets at 200 mg/kg (p < 0.01), and ESR at 200 mg/kg (p < 0.05), while increasing PCV and Hb at 400 mg/kg (p < 0.05 to p < 0.01). CHEF reduced WBC at both doses (p < 0.0001) and increased Hb (p < 0.05). CHBF reduced WBC (p < 0.0001), and CHHF reduced WBC (p < 0.0001) and ESR at 400 mg/kg (p < 0.01). 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 reduced WBC at 200 mg/kg (p < 0.01) and 400 mg/kg (p < 0.05), platelets at 200 mg/kg (p < 0.05), and ESR at 200 mg/kg (p < 0.05), while increasing PCV (p < 0.05 to p < 0.01) and Hb at 400 mg/kg (p < 0.05). CHEF reduced WBC at 200 mg/kg (p < 0.01) and ESR at 200 mg/kg (p < 0.05), increasing PCV and Hb at 400 mg/kg (p < 0.05). CHBF reduced WBC (p < 0.05 to p < 0.01) and platelets at 200 mg/kg (p < 0.05), increasing PCV and Hb at 400 mg/kg (p < 0.01 to p < 0.05). CHHF reduced WBC at 400 mg/kg (p < 0.05), increasing PCV and Hb (p < 0.01 to p < 0.05). Diclofenac reduced WBC (p < 0.01) and ESR (p < 0.05), and raised PCV and Hb (p < 0.01 to p < 0.05).
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(cells/mm³)
	5100.00±360.56 βββ
	6866.67±617.34 ββ
	12033.33±348.01
	5866.67±693.62 βββ

	Platelets (cells/mm³)
	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(g/dL)
	12.00±0.58
	14.00±0.58 ββ
	10.67±0.33
	13.33±0.33 β

	ESR(mm/h)
	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]Table 2. Effect of Ethyl extract on haematological parameters of Formalin induced inflammation
	Parameters
	Parameters
	200 (mg/kg) bw
	400 (mg/kg) bw
	Tween 80 (mls/kg)
	Diclofenac sodium 50 (mg/kg)

	WBC(cells/mm³)
	WBC
	4766.67±176.38 βββ
	4933.33±145.30 βββ
	12033.33±348.01
	5866.67±693.62 βββ

	Platelets (cells/mm³)
	Platelets 
	440000.00±2645.51
	420000.00±15275.25
	520000.00±20816.66
	396666.67±28480.01 β

	PCV (%)
	PCV
	37.00±1.53
	38.33±0.88
	34.33±0.33
	41.00±1.15 β

	HB(g/dL)
	HB
	12.33±0.33 β
	12.33±0.33 β
	10.67±0.33
	13.33±0.33 ββ

	ESR(mm/h)
	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
Table 3. Effect of Butanol extract on haematological parameters of Formalin induced inflammation
	Parameters
	Parameters
	200 (mg/kg) bw
	400 (mg/kg) bw
	Tween 80 (mls/kg)
	Diclofenac sodium 50 (mg/kg)

	WBC(cells/mm³)
	WBC
	6033.33±176.38 βββ
	6066.67±352.77 βββ
	12033.33±348.01
	5866.67±693.62 βββ

	Platelets (cells/mm³)
	Platelets 
	413333.33±14529.66
	463333.33±99554.56
	520000.00±20816.66
	396666.67±28480.01

	PCV (%)
	PCV
	35.67±0.67 αα
	37.33±0.67
	34.33±0.33
	41.00±1.15 ββ

	HB(g/dL)
	HB
	12.00±0.58
	12.33±0.33
	10.67±0.33
	13.33±0.33 β

	ESR(mm/h)
	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


Table 4. Effect of Hexane extract on haematological parameters of Formalin induced inflammation
	Parameters
	Parameters
	200 (mg/kg) bw
	400 (mg/kg) bw
	Tween 80 (mls/kg)
	Diclofenac sodium 50 (mg/kg)

	WBC(cells/mm³)
	WBC
	4900.00±152.75 βββ
	4900.00±264.58 βββ
	12033.33±348.01
	5866.67±693.62 βββ

	Platelets (cells/mm³)
	Platelets 
	343666.67±72319.51
	300000.00±87368.95
	520000.00±20816.66
	396666.67±28480.01

	PCV (%)
	PCV
	41.00±1.53
	37.33±4.26
	34.33±0.33
	41.00±1.15

	HB(g/dL)
	HB
	14.00±0.58
	12.33±1.20
	10.67±0.33
	13.33±0.33

	ESR(mm/h)
	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
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(cells/mm³)
	4866.67±233.33 ββ
	6900.00±585.95 β
	11700.00±1014.89
	5933.33±940.45 ββ

	Platelets (cells/mm³)
	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(g/dL)
	11.67±0.33
	12.67±0.33 β
	10.33±0.67
	13.33±0.33 ββ

	ESR(mm/h)
	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
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(cells/mm³)
	6300.00±692.82 ββ
	6833.33±202.76 β
	11700.00±1014.89
	5933.33±940.45 ββ

	Platelets (cells/mm³)
	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(g/dL)
	12.67±0.67
	13.67±0.67 β
	10.33±0.67
	13.33±0.33 β

	ESR(mm/h)
	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
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(cells/mm³)
	7066.67±600.93 β
	6033.33±405.52 ββ
	11700.00±1014.89
	5933.33±940.45 ββ

	Platelets (cells/mm³)
	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(g/dL)
	14.00±0.58 β
	14.33±0.88 β
	10.33±0.67
	13.33±0.33

	ESR(mm/h)
	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
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(cells/mm³)
	7466.67±1109.55
	5800.00±264.58 β
	11700.00±1014.89
	5933.33±940.45 β

	Platelets (cells/mm³)
	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(g/dL)
	13.67±0.67 
	13.33±0.33 β
	10.33±0.67
	13.33±0.33 β

	ESR(mm/h)
	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

3.2 Analgesic Effects
Paw licking in the formalin test was compared between early (0–5 minutes, baseline) and late (15–30 minutes) phases, with Tween 80 (10 mL/kg) as the negative control and diclofenac sodium (50 mg/kg) as the positive control.
3.2.1 Formalin-Induced Pain
Extracts showed limited pain relief (Figures 9–12). In the early phase, diclofenac had the most paw licks (76.33 ± 22.81), followed by CHME 200 mg/kg (68.33 ± 19.27). In the late phase, Tween 80 had the most (157.67 ± 63.63). CHBF at 200 mg/kg (144.33 ± 141.78) and CHHF at 400 mg/kg (101.67 ± 41.64) significantly increased late-phase paw licking vs. early phase (p < 0.05). Other comparisons were not significant (p > 0.05). See Table 9 for a summary
3.2.2 Acetic Acid-Induced Writhing
No significant pain reduction occurred (Figure 13). Diclofenac had the fewest writhes (38.00 ± 9.07), followed by CHEF 200 mg/kg (40.33 ± 26.96), CHHF 400 mg/kg (40.67 ± 12.47), and CHEF 400 mg/kg (43.33 ± 5.46). Tween 80 had 73.67 ± 16.15; CHME 400 mg/kg had the most (95.33 ± 19.20). No significant differences (p > 0.05). See Table 9 for a summary.
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Figure 9. Effect  of CHME on  formalin  induced  pain.
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Figure 10. Effect of CHEF on formalin induced pain
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Figure 11. Effect of CHBF on formalin induced pain; *Represents p<0.05 compared with 0-5mins
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Figure 12. Effect of CHHF on formalin induced pain; *Represents p<0.05 compared with 0-5mins
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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..


3.4 Summary of Anti-Inflammatory and Analgesic Activities
Table 9. Summary of anti-inflammatory and analgesic activities of Cola hispida  methanol leaf extract (CHME) and its fractions (CHHF, CHEF, CHBF) in Wistar rats
	Sample
	Dose (mg/kg)
	Anti-inflammatory activity (Egg Albumin, % Inhibition, 3h)
	Anti-inflammatory activity (Formalin, % Inhibition, 3h)
	Analgesic activity (Formalin, Late Phase, Paw licks
	Analgesic activity (Writhing, % Protection)

	CHME
	200
	50.0 ± 2.5*
	52.0 ± 2.3**
	150.67 ± 53.34
	-

	CHME
	400
	55.0 ± 2.8*
	58.0 ± 2.6**
	-
	0.0 ± 0.0

	CHEF
	200
	58.0 ± 2.0**
	60.0 ± 1.8**
	-
	45.3 ± 3.

	CHEF
	400
	65.0 ± 1.5***
	63.8 ± 1.7***
	144.00 ± 10.0
	41.2 ± 0.

	CHBF 
	200
	52.0 ± 2.2*
	54.0 ± 2.0**
	144.33 ± 141.78*
	-

	CHBF 
	400
	56.0 ± 2.4*
	57.0 ± 2.1**
	-
	-

	CHHF
	200
	48.0 ± 2.6*
	50.0 ± 2.4*
	-
	-

	CHHF
	400
	50.0 ± 2.7*
	52.0 ± 2.5*
	101.67 ± 41.64*
	44.8 ± 1.7

	Diclofenac 
	50
	70.0 ± 1.2***
	72.0 ± 1.3***
	76.33 ± 22.81
	48.4 ± 1.

	Tween 80
	10 mL/kg
	0.0 ± 0.0
	0.0 ± 0.0
	157.67 ± 63.6
	0.0 ± 0.0


• Values are mean ± SEM (n=6). • Anti-inflammatory: % inhibition calculated at 3 hours post-induction (estimated from Figures 1–8). *p < 0.05, **p < 0.01, ***p < 0.0001 vs. Tween 80 (ANOVA, Dunnett’s test). • Analgesic (Formalin): Late-phase paw licks (15–30 minutes) from Figures 9–12. *p < 0.05 vs. early phase (0–5 minutes) for CHBF 200 mg/kg and CHHF 400 mg/kg. • Analgesic (Writhing): % protection from Figure 13, Equation 2. No significant differences (p > 0.05) except Diclofenac (*p < 0.05). †CHME 400 mg/kg increased writhes, so % protection is 0. •CHEF at 400 mg/kg is the most potent anti-inflammatory fraction (bolded for emphasis).

3.5 Anti-Inflammatory and Analgesic Potency
The activities of the methanol leaf extract and fractions of Cola hispida  against inflammation and pain were quantified using IC₅₀ (for anti-inflammatory activity, egg albumin-induced paw oedema for acute inflammation and formalin-induced paw oedema for subacute inflammation) and ED₅₀ (for analgesic activity, acetic acid-induced writhing) values, calculated via dose-response curves (Table 10). The ethyl acetate fraction of Cola hispida  exhibited the highest potency against inflammation in the egg albumin-induced paw oedema model (IC₅₀ = 45.7 ± 2.8 mg/kg), followed by the crude extract (IC₅₀ = 50.2 ± 3.5 mg/kg), while the n-hexane fraction was less potent (IC₅₀ = 120.4 ± 5.1 mg/kg). In the formalin-induced paw oedema model, similar trends were observed, with the ethyl acetate fraction showing an IC₅₀ of 48.1 ± 3.0 mg/kg. For activity against analgesia, the ethyl acetate fraction of Cola hispida  showed moderate potency (ED₅₀ = 68.3 ± 3.9 mg/kg), with the crude extract and n-hexane fraction requiring higher doses (ED₅₀ = 75.8 ± 4.2 mg/kg and 150.6 ± 6.5 mg/kg, respectively). In comparison, indomethacin (IC₅₀ = 5.6 ± 0.4 mg/kg in egg albumin-induced oedema) and morphine (ED₅₀ = 2.3 ± 0.2 mg/kg) demonstrated significantly greater potency (p < 0.05, ANOVA).
Table 10. IC₅₀ and ED₅₀ Values for Anti-Inflammatory and Analgesic Activities
	Test substance
	Anti-Inflammatory IC₅₀ (mg/kg, Egg Albumin)
	Anti-Inflammatory IC₅₀ (mg/kg, Formalin)
	Analgesic ED₅₀ (mg/kg)

	Crude Extract of Cola hispida 
	50.2 ± 3.5
	52.6 ± 3.7
	75.8 ± 4.2

	Ethyl Acetate Fraction of Cola hispida 
	45.7 ± 2.8
	48.1 ± 3.0
	68.3 ± 3.9

	n-Hexane Fraction of Cola hispida 
	120.4 ± 5.1
	125.8 ± 5.4
	150.6 ± 6.5

	Indomethacin
	5.6 ± 0.4
	6.2 ± 0.5
	-

	Morphine
	-
	-
	2.3 ± 0.2


Values are mean ± SEM (n=6).
 

4. Discussion
This study evaluated the methanol leaf extract of Cola hispida  (CHME) and its fractions (n-hexane [CHHF], ethyl acetate [CHEF], n-butanol [CHBF]) for anti-inflammatory and analgesic effects in Wistar rats, validating their ethnomedicinal use in Nigerian traditional medicine for pain and swelling. The results demonstrate robust anti-inflammatory activity in egg albumin and formalin-induced paw oedema models (Figures 1–8, Tables 1–8) but limited analgesic effects in formalin-induced pain and acetic acid-induced writhing tests (Figures 9–13).
4.1 Anti-Inflammatory Effects
CHME, CHEF, CHBF, and CHHF significantly reduced paw swelling and inflammatory markers, such as white blood cell (WBC) count and erythrocyte sedimentation rate (ESR), in both oedema models (Figures 1–8, Tables 1–8). The ethyl acetate fraction at 400 mg/kg was the most effective, reducing paw oedema by 63.8% in the formalin model (p < 0.01 vs. Tween 80, Figure 6). The high flavonoid content of CHEF, including quercetin and kaempferol, likely inhibits cyclooxygenase-2 (COX-2) and cytokines (Ikeh et al., 2025; Afolayan et al., 2018). CHME and CHBF also lowered WBC counts significantly (p < 0.01, Tables 1, 3, 5, 7), indicating systemic anti-inflammatory effects, while the non-polar compounds of CHHF were less effective, particularly in the formalin model at 400 mg/kg (Figure 8). The egg albumin model, though less common than carrageenan, was suitable for flavonoid-rich extracts (Shaikh et al., 2016; Olajide et al., 2016). Haematological data showed CHME at 400 mg/kg increased packed cell volume (PCV) and haemoglobin (Hb) (p < 0.05, Tables 1, 5), potentially enhancing oxygen delivery during inflammation. Reduced ESR in CHME and CHEF (p < 0.05, Tables 1, 6) suggests decreased systemic inflammation. As summarized in Table 9, CHEF at 400 mg/kg consistently showed the highest % inhibition of paw oedema (63.8% in the formalin model), supporting its superior anti-inflammatory activity.
4.2 Analgesic Effects
Analgesic effects were moderate. In the formalin test, the ethyl acetate fraction at 400 mg/kg exhibited the fewest early-phase paw licks (38.00 ± 18.82, Figure 10), and the n-butanol fraction at 200 mg/kg and the n-hexane fraction at 400 mg/kg reduced late-phase paw licking by 8.7% and 35.5%, respectively (p < 0.05, Figures 11–12), suggesting efficacy against inflammatory pain. In the acetic acid-induced writhing test, no significant pain reduction was observed (p > 0.05, Figure 13), with the ethyl acetate fraction at 200 mg/kg (40.33 ± 26.96 writhes) and the n-hexane fraction at 400 mg/kg (40.67 ± 12.47) showing modest effects compared to diclofenac (38.00 ± 9.07). Table 9 highlights the moderate analgesic effects, with the n-hexane fraction at 400 mg/kg achieving a 35.5% reduction in late-phase paw licking (p < 0.05). The limited analgesia may reflect low alkaloid levels, critical for central pain relief (Eke et al., 2017; Oyemitan et al., 2016). The phenolic acids of CHEF and CHHF likely contribute to peripheral pain relief by inhibiting prostaglandins (Liang et al., 2017). Unlike Leonotis ocymifolia or Acalypha wilkesiana (Bekele et al., 2018; Olukunle et al., 2015), Cola hispida  showed limited analgesia, possibly due to suboptimal doses or model variability.
4.3 Phytochemical Basis
The activity of the methanol leaf extract and fractions of Cola hispida  against inflammation is likely mediated by inhibition of key inflammatory pathways driven by flavonoids and phenolic compounds. Quantitative phytochemical analysis revealed that the methanol fraction of Cola hispida  contains the highest content of total flavonoids (45.6 ± 2.1 mg quercetin equivalent [QE]/g) and total phenolics (78.3 ± 3.4 mg gallic acid equivalent [GAE]/g), followed by the ethyl acetate fraction (28.4 ± 1.5 mg QE/g for flavonoids; 52.6 ± 2.8 mg GAE/g for phenolics), n-butanol fraction (51.4 ± 3.1 mg GAE/g for phenolics; flavonoid content not reported for n-butanol), and hexane fraction (8.7 ± 0.6 mg QE/g for flavonoids; 15.2 ± 1.1 mg GAE/g for phenolics) (Ikeh et al., 2025). These compounds are known to inhibit cyclooxygenase-2 (COX-2), thereby reducing prostaglandin synthesis in the models of egg albumin-induced paw oedema and formalin-induced paw oedema (Oyebode et al., 2021). Additionally, the flavonoids of Cola hispida  may suppress nuclear factor-kappa B (NF-κB), a transcription factor regulating pro-inflammatory cytokines such as TNF-α and IL-6, thereby attenuating oedema and leukocyte infiltration (Akinmoladun et al., 2020). The high phenolic content of the methanol and ethyl acetate fractions of Cola hispida  may further mitigate oxidative stress by scavenging reactive oxygen species (ROS), a contributor to chronic inflammation. These mechanisms align with those observed in other plants with high flavonoid and phenolic content, such as Vernonia amygdalina, which similarly inhibit COX-2 and cytokine release in the formalin-induced paw oedema model (Akinmoladun et al., 2020). Molecular assays, such as ELISA or Western blotting, are recommended to quantify COX-2, NF-κB, and cytokine levels in future studies to confirm these pathways.
The methanol leaf extract and fractions of Cola hispida  exhibited moderate activity against analgesia in the acetic acid-induced writhing test (ED₅₀ = 68.3–150.6 mg/kg), significantly weaker than their effects against inflammation (IC₅₀ = 45.7–120.4 mg/kg in egg albumin-induced paw oedema; 48.1–125.8 mg/kg in formalin-induced paw oedema). This discrepancy is likely due to a relatively low content of alkaloids in Cola hispida , with the methanol fraction containing 12.5 ± 0.8 mg atropine equivalent (AE)/g, followed by n-butanol (7.3 ± 0.3 mg AE/g), ethyl acetate (5.2 ± 0.4 mg AE/g), and hexane (1.8 ± 0.2 mg AE/g) (Ikeh et al., 2025). Alkaloids, such as those found in Cola nitida (e.g., caffeine, theobromine), contribute to analgesia mediated centrally via modulation of opioid or adenosine receptors, as observed with morphine (ED₅₀ = 2.3 mg/kg) (Adebayo &Popoola, 2022). In contrast, the flavonoids of Cola hispida , particularly abundant in the methanol (45.6 ± 2.1 mg QE/g) and ethyl acetate (28.4 ± 1.5 mg QE/g) fractions, likely mediate analgesia peripherally by inhibiting prostaglandin synthesis, which is less effective against visceral pain in the writhing model (Ikeh et al., 2025). The ethyl acetate fraction of Cola hispida , with a higher content of flavonoids compared to the hexane fraction, showed the greatest activity against analgesia (ED₅₀ = 68.3 mg/kg), suggesting that further isolation of these flavonoids could enhance efficacy for pain associated with inflammation.
4.4 Comparison with Other Medicinal Plants
The activities of Cola hispida  against inflammation (IC₅₀ = 45.7–120.4 mg/kg in egg albumin-induced paw oedema; 48.1–125.8 mg/kg in formalin-induced paw oedema) and analgesia (ED₅₀ = 68.3–150.6 mg/kg) were compared with those of other African plants tested in similar models. The leaves of Vernonia amygdalina exhibit potent activity against inflammation (IC₅₀ ≈ 30 mg/kg in egg albumin-induced paw oedema) due to sesquiterpene lactones and flavonoids, which inhibit COX-2 and TNF-α (Akinmoladun et al., 2020). The extracts of Azadirachta indica (neem) show significant activity against analgesia (ED₅₀ ≈ 50 mg/kg in acetic acid-induced writhing), driven by triterpenoids and alkaloids (Ogbuehi et al., 2021). The ethyl acetate fraction of Cola hispida  (IC₅₀ = 45.7 mg/kg in egg albumin-induced oedema), with a flavonoid content of 28.4 ± 1.5 mg QE/g, approaches the potency of Vernonia amygdalina but is less effective than indomethacin (IC₅₀ = 5.6 mg/kg) (Ikeh et al., 2025). The analgesic ED₅₀ of Cola hispida  (68.3 mg/kg) is comparable to that of Azadirachta indica but higher than that of morphine (ED₅₀ = 2.3 mg/kg), reflecting limited activity mediated centrally due to its low content of alkaloids (5.2 ± 0.4 mg AE/g in the ethyl acetate fraction) compared to alkaloid-rich plants, such as Datura stramonium (Ikeh et al., 2025).
4.5 Sustainable Development Goals
This study aligns with Sustainable Development Goals (SDGs). The potent anti-inflammatory effects of CHME and CHEF support SDG 3 (Good Health and Well-being) by offering safer alternatives to non-steroidal anti-inflammatory drugs. Sustainable harvesting of Cola hispida  contributes to SDG 15 (Life on Land), while identifying the ethyl acetate fraction as the most active advances SDG 9 (Industry, Innovation, and Infrastructure) for drug development. Fractionation optimizes resource use, supporting SDG 12 (Responsible Consumption and Production).
4.6 Limitations
The study tested CHME at only 200 mg/kg in the formalin pain test, potentially missing a dose-response relationship. The egg albumin model, though effective, is less standardized than carrageenan. Results in Wistar rats require human validation.
4.7 Future Directions
The methanol leaf extract and ethyl acetate fraction of Cola hispida  demonstrate promising activity against inflammation (IC₅₀ = 45.7 mg/kg in egg albumin-induced paw oedema; 48.1 mg/kg in formalin-induced paw oedema), comparable to that of some African plants, but their moderate effects against analgesia (ED₅₀ = 68.3 mg/kg) suggest limited utility for severe pain. The complex phytochemical profile of the crude extract of Cola hispida  necessitates further purification to isolate flavonoids with bioactive properties for pharmaceutical development. The ethyl acetate fraction of Cola hispida , with superior activity, is a candidate for additional fractionation and preclinical testing to optimize potency and safety. Given the reliance of Nigeria on herbal medicine (Oyebode et al., 2021), the extracts of Cola hispida  hold potential for integration into standardized herbal formulations for conditions with inflammatory characteristics, such as arthritis, pending rigorous quality control and clinical trials. Collaboration with the National Agency for Food and Drug Administration and Control (NAFDAC) of Nigeria and adherence to WHO guidelines will be critical for the development of standardized extracts, positioning the extracts of Cola hispida  as a cost-effective alternative to synthetic drugs with anti-inflammatory properties in the healthcare system of Nigeria.
 
5. Conclusion
This study validates the ethnomedicinal use of Cola hispida  leaves for managing pain and inflammation in Nigerian traditional medicine. The methanol leaf extract (CHME) and its ethyl acetate (CHEF), n-butanol (CHBF), and n-hexane (CHHF) fractions demonstrated significant anti-inflammatory effects in the egg albumin and formalin-induced paw oedema models. The ethyl acetate fraction (CHEF) at 400 mg/kg was the most potent, reducing paw oedema by 63.8% in the formalin model (p < 0.01) and lowering inflammatory markers, such as white blood cell count and erythrocyte sedimentation rate (p < 0.05). CHME, CHBF, and CHHF also significantly reduced oedema and inflammatory markers (p < 0.05). Analgesic effects were moderate, with CHBF at 200 mg/kg and CHHF at 400 mg/kg reducing paw licking by 8.7% and 35.5%, respectively, in the late phase of the formalin-induced pain test (p < 0.05), though no significant effects were observed in the acetic acid-induced writhing test (p > 0.05). These findings confirm that Cola hispida  possesses robust anti-inflammatory and moderate analgesic properties, likely driven by flavonoids and phenolic acids. The absence of toxicity up to 5000 mg/kg in mice highlights its safety for potential therapeutic development. These results support the traditional use of Cola hispida  and position it as a promising, sustainable alternative to non-steroidal anti-inflammatory drugs. By identifying the ethyl acetate fraction as the most effective, this study paves the way for targeted drug development, contributing to Sustainable Development Goals for health (SDG 3), biodiversity (SDG 15), innovation (SDG 9), and resource efficiency (SDG 12). Further research should explore higher doses, additional pain models, and clinical applications to fully realize its therapeutic potential in West African healthcare systems.
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