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Abstract

The present study investigated the acute anti-inflammatory effects of methanolic leaf extract of Croton zambesicus
(MECZ) in laboratory rats using egg albumin-induced paw oedema and formaldehyde-induced arthritis models. A total
of 62 albino rats were used and grouped accordingly to receive varying doses of MECZ (25 mg/kg, 50 mg/kg, and 100
mg/kg), standard drug (Diclofenac 20 mg/kg), and normal saline. Phytochemical screening revealed the presence of
alkaloids, triterpenes, saponins, anthraquinones, cardiac glycosides, and steroids. The extract exhibited a dose-
dependent and statistically significant (p < 0.05) reduction in paw oedema compared to the control. The 100 mg/kg
MECZ dose produced effects comparable to diclofenac in both egg albumin-induced paw oedema and formaldehyde-
induced arthritis models. The LDso was calculated to be 3807.98 mg/kg, indicating a high margin of safety. These
findings suggest that MECZ possesses potent anti-inflammatory properties, supporting its traditional use in managing
inflammation-related conditions.

Keywords: Croton zambesicus; Anti-inflammatory; Phytochemicals; Paw oedema; Herbal medicine; Acute
inflammation; Formalin-induced arthritis

1. Introduction

Inflammation is a protective immunovascular response that involves immune cells, blood vessels, and molecular
mediators [1]. Nonsteroidal anti-inflammatory drugs are used worldwide for the treatment of inflammation [2]. Due to
the use of synthetic drugs, many unwanted effects usually appear [3]. When pain is associated with inflammatory
conditions, non-steroidal anti-inflammatory or steroidal drugs are administered [4], [1]. The main types of anti-
inflammatory medications are the steroidal and non-steroidal drugs. Corticosteroids (steroidal drugs) are used to treat
asthma and autoimmune inflammatory response. In addition, non-steroidal drugs are used for mild to moderate pain
and as antipyretic through the inhibition of cyclooxygenase enzyme [6].

According to the World Health Organization, approximately 80% of the world population still use plant-based drugs
which include the medicinal use of plants as anti-nociceptive drugs in traditional treatment [6]. Examples of some
medicinal plants that show anti-inflammatory or analgesic therapeutic properties includes: (Anacardiaceae) could
inhibit the production of IgE in vivo [7], Magnolia officinalis (Magnoliaceae) that reduce inflammatory arthritis in vivo
[8], Clerodendrum phlomidis L.f (Lamiaceae) that could reduce mediators responsible for synovial inflammation in vitro

* Corresponding author: Timothy Olugbenga Ogundeko

Copyright © 2025 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0.


http://creativecommons.org/licenses/by/4.0/deed.en_US
https://gsconlinepress.com/journals/gscbps/
https://doi.org/10.30574/gscbps.2025.32.3.0334
https://crossmark.crossref.org/dialog/?doi=10.30574/gscbps.2025.32.3.0334&domain=pdf

GSC Biological and Pharmaceutical Sciences, 2025, 32(03), 008-014

and in vivo [9], Arnica montana topically used as counterirritant to relieve pain [10], Withania somnifera and Panax
ginseng. (Araliaceae) both modulate COX-2 expression in vivo [11],[12], Erycibe obtusifolia Benth that prevent paw
swelling and articular damage index score [13] Glycyrrhiza uralensis which inhibit in vivo arthritis induced by collagen
[14], Lippia dulcis that inhibit in vitro elastase activity [15] etc. Currently, researchers are using a computational
platform to evaluate the potential of plant bioactive compounds towards novel, effective, and affordable drug
development candidates to gain a better understanding of drug interactions with the body’s biochemical pathways [16].
With a historical foundation in traditional medicine systems, herbal remedies have gained widespread popularity as
natural alternatives to conventional treatments.

Herbal medicine has become a good alternative to conventional drugs as it has been used for centuries to treat human
diseases [17] as it is mainly based on the idea that plants are a natural means of treatment devoid of any risks. Croton
zambesicusMuell Arg. (Euphorbiaceace) (syn C. amabilis muell. Arg., C. gratissimus Burch.) is an ornamental tree grown
in villages and towns in Nigeria. It is a slender dioecious tree up to 30 feet high, sometimes forming a bowl, with scaly
bark. The leaves have a pointed apex and are silvery rusty-scaly below. It is commonly called bushveld, and referred to
koriba or ichen maser in Hausa, Ajekobale in Yoruba, mfam in Ekoi and Moramora in Kilba [18]. Different parts of Croton
zambesicus (CZ) including the leaf, seed, stem and root are used as antimalaria, laxative, ease menstrual pain, anti-
diabetic, cough, dysentery, fever, convulsions, antioxidants, and nephron-protective activities, amongst others in Africa,
especially in Nigeria and West African sub-region, [19] - [24]. Ayanniyi et al., also reported that aqueous leaf extract of
CZ attenuated toxic effects of CCl4 on the heart and thus found to have a protective potential [25]. This highlights the
possible effects of naturally derived medicines in tropical illnesses treatment. This development follows the World
Health Organization's 2008 ratification of The Beijing Declaration, which promotes the efficacy and safety of folk
medicines and claims greater assimilation of these into national health care systems [26].

The therapeutic potential of Croton zambesicus from its rich phytochemical profile points to the need to explore the
significant biological activities via pharmacological model, as Parveen et al., asserted that the conventional treatment of
fever and inflammation with synthetic drugs often comes with significant side effects and unpredictable adverse
reactions [3]. This study aimed to assess the acute anti-inflammatory effect of methanol leaf extract of Croton zambesicus
using laboratory rat model.

2. Materials and Methods

2.1. Plant material collection and Authentication

The leaves of Croton zambesicus were collected between April and June, 2011 from Riyom, Plateau State, Nigeria. The
plant sample was identified and classified by Mr. Joseph Jeffrey Azila (a plant taxonomist) at the Federal College of
Forestry Jos, further authenticated at the Department of Pharmacognosy, University of Jos Nigeria, where it was found
to correspond with voucher specimen number UJ/PGPH/HSP/0801.

2.2. Preparation of Methanolic Extract of Croton zambesicus Leaves (MECZ)

Fresh leaves of Croton zambesicus were rinsed and dried in a well-ventilated portion at the Pharmacology Laboratory,
Faculty of Pharmaceutical Sciences, University of Jos, Nigeria for a period of 2 weeks. The dried leaves were ground into
powder with mortar and pestle, sieved into fine powder and then stored in air-tight containers. The powdered leaves
(300 g) were cold-macerated for 72 hours using methanol and filtered with Whatman filter paper (No.1). The liquid
methanolic extract that was obtained by filtration was concentrated in vacuo at 400C and all the methanol was
completely removed, after which the methanolic extract was stored at -40C in a refrigerator until used [27].

2.3. Phytochemical screening

Coloring and precipitation reactions were used to characterize the chemical groups (Anthraquinones, Alkaloids,
Steroids, Triterpenes, Cardiac glycosides and Saponins) present in the extract, using the methods described by
Houngbeme et al,, [28].

2.4. Experimental Animals

A total of 62 rats (150-200 g) were obtained from the Animal Experimental Unit of the Department of Pharmacology
and Toxicology, University of Jos. The animals were handled in accordance with the Guidelines for Laboratory
Procedures laid down by the International Animal Care and Use Committee (IACUC) in Nigeria.
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2.5. Acute Toxicity Study (Determination of LDso)

The Lethal dose (LDso) of the MECZ was determined using 12 rats according the method described by Lorke (1983) as
described by Erhirhie et al., 2018. The LDso value was determined by calculating the geometric mean of the lowest dose
that caused death and the highest dose at which all the animal survived. The formula below was however used

LDso= % MLD x MTD Where LDso= median lethal dose MLD=minimum lethal dose, MTD=maximum tolerated dose

2.6. Evaluation of Anti-inflammatory Activity of the Extract

2.6.1. SystemicAcute Inflammation of the Rat Paw

Twenty-five (25) adult albino rats divided into 5 groups of 5 rats. Fresh egg albumin was used to induce paw oedema in
the rats on right hind paw and the oedema formation was monitored in the groups immediately after chemical
administration up to 3 hours. Average oedema and its inhibition were assessed at a baseline, 30 minutes, 60 minutes,
120 minutes 180 minutes. This was done according to the method developed by Winter et al. (1962) for acute
inflammation studies Egg albumin-induced paw oedema as reported by Akindele et al., 2015 with slight modification.

2.6.2. Arthritic-Induced by Formaldehydein Rats

The anti-inflammatory activity of Croton zambesicus was evaluated by using formalin-induced hind paw edema model
using 25 rats. The animals were divided into five groups with five rats in each group. The paw edema induced by
injecting 0.1 ml of 2 % formalin into sub- plantar tissues of the rat’s paw in all groups, except for the control group that
administered normal saline only. After 1 hour of formalin administration, Diclofenac (20 mg/kg), Croton zambesicus
leaf extract (25 mg/kg, 50 mg/kg and 100 mg/kg) were administered intraperitoneally daily for six days while the
volume of oedema paw was measured and recorded according to the method of Seyle, 1947 as reported by Arega et al.,
2023 with slight modification.

2.7. Statistical Analysis

Data obtained were expressed as mean * standard error of mean (SEM). Graphs were plotted using Microsoft Excel and
analyzed using GraphPad Prism 6, Software. Statistical analysis of difference between control and treated groups was
carried out using one-way analysis of variance (ANOVA) followed by Bonferroni post-hoc test for multiple comparisons.
Statistical significance was taken at P < 0.05.

3. Results and Discussion

Table 1 Phytoconstituents in Croton zambesicus

Phytochemicals Results

Anthraquinones Present
Alkaloids Present
Steroids Present
Triterpenes Present

Cardiac glycosides | Present

Saponins Present

3.1. Lethal Dose LDso

LDsoof Croton zambesicus was determined as3807.98 mg/kg
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Table 2 Effect of MECZ extract on egg albumin Induced Paw Edema in Albino rats

Paw diameter (mm) at time (minutes) of Treatment
Treatment Baseline |After Chemical |30 minutes |60 minutes |120 180
Administration minutes minutes
Normal Saline 3.28+0.14 |4.65+0.21 7.68+0.29 |7.89+0.13 7.99+0.04 [7.74+0.22
CZ extract 25 mg/kg 3.01+£0.13 (4.73+0.03 7.19 £0.02 7.34 £ 0.04 712+0.12 [690x0.16
* * *
CZ extract 50 mg/kg 296+ 0.07 |4.61+0.05 6.93+0.06 |6.75+0.09 6.30+ 060 1579+ 004
* * * *
CZ extract 100 mg/kg |3.03+0.08 [4.64+0.11 6.39+ 0.14* |6.18£0.10 579+ 0.10 |5.14 + 0.06
: * * * *
Diclofenac 20 mg/kg 3.15+£0.10 |4.68x0.04 6.43 +0.03* |6.11+0.07 538+ 006 |4.28+ 0.05
Key: CZ= Croton zambesicus; n = 5; " p<0.05 significant compared to the control group
Table 3 Effect of MECZ Extract on Formaldehyde Induced Paw Edema in Albino rats
Treatment (mg/kg) | Dayl Day 2 Day 3 Day 4 Day 5 Day 6
Normal saline 086+0.03 | 1.82+0.14 | 2.63+0.07 | 3.11+£0.06 | 3.34+0.05 | 3.39+0.05
CZ extract 25 mg/kg | 0.39 + 0.02* | 1.23 £0.01* | 1.95 % 0.02* | 2.41 + 0.02* | 2.08 £ 0.03* | 1.75 + 0.04*
CZ extract 50 mg/kg | 0.47 + 0.10* | 1.25+0.02* | 1.82 + 0.04* | 1.43 + 0.03* | 1.23 + 0.02* | 0.47 + 0.01*
CZ extract 100 mg/kg | 0.94 + 0.03 | 1.76 £ 0.03 | 1.36 + 0.02* | 1.02 + 0.02* | 0.39 £ 0.02* | 0.06 = 0.03*
Diclofenac 20mg/kg 0.24 + 0.05* | 0.77 £0.06* | 1.21 £ 0.05* | 0.83 + 0.10* | 0.68 £ 0.39* | 0.07 £ 0.01*

*
Key: CZ= Croton zambesicus;n=5; p<0.05 significant compared to the control group

The study provides compelling evidence for the anti-inflammatory potential of Croton zambesicus methanolic leaf
extract (MECZ). The results from both egg albumin-induced paw oedema (Table 2) and formaldehyde-induced arthritis
(Table 3) models showed significant inhibition of inflammation, with effectiveness increasing in a dose-dependent
manner. The 100 mg/kg dose showed marked anti-inflammatory activity, closely mimicking the effect of the standard
NSAID (diclofenac). Our results are similar to earlier reports - In Ghana, bark poultices manage rheumatism. Ethanolic
leaf extracts (27-81 mg/kg) reduced carrageenan-induced paw edema by 40% in rats, though less potent than standard
drugs like diclofenac [26]. The phytochemical analysis revealed the presence of several bioactive compounds—
alkaloids, triterpenes, saponins, steroids, and glycosides—which are known to mediate anti-inflammatory and analgesic
effects. These compounds likely act by modulating the release of inflammatory mediators such as prostaglandins and
cytokines, or by inhibiting the cyclooxygenase (COX) pathway. Evidence for the anti-inflammatory properties of
saponins, flavonoids and other bioactive compounds has been reported by several studies using different models of
inflammation [32]-[35]. Essential oils from Croton gratissimus leaves, stem, and roots extracts in Eastern Pretoria
(South Africa) had monoterpenoids such as a-phellandrene, a-pinene, and Z- and E-f-ocimene [36]. Interestingly, the
most frequent Croton alkaloids are compounds similar to benzylisoquinolines, in fact, crotamide and crotsparsidine
(Croton sparsiflorus), crotonamide A (C. pullei), crotonine (C. tiglium), and crotonamide (C. alienus) have been also
validated as alkaloids [37].

Notably, the high LDs, value (3807.98 mg/kg) suggests that MECZ is relatively safe for acute administration, which
aligns with previous studies that have reported the general safety of Croton zambesicus extracts [38], [39]. The dose-
dependent nature of the anti-inflammatory effect also provides a promising basis for determining therapeutic dosing
regimens in future studies.

Compared to conventional NSAIDs, which are associated with adverse gastrointestinal and renal effects, MECZ offers a
potentially safer alternative for managing inflammation. The extract’s efficacy in both models used suggests its
therapeutic relevance.

11



GSC Biological and Pharmaceutical Sciences, 2025, 32(03), 008-014

These findings support the traditional medicinal use of Croton zambesicus in the treatment of inflammation-related
ailments and highlight the importance of further pharmacological and toxicological studies to validate its efficacy and
safety in clinical settings. Additional studies could explore its mechanisms of action, bioactive compound isolation, and
long-term effects in animal and human models.

4., Conclusion

This study concludes that the methanolic leaf extract of Croton zambesicus exhibits significant acute anti-inflammatory
activity in rat models, with a safety margin supported by a high LDs, value. The results validate its traditional use in
treating inflammation and suggest that MECZ could serve as a potential alternative or complement to conventional anti-
inflammatory drugs. Further studies are recommended to explore its clinical application, mechanism of action, and
chronic toxicity profile.
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