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In vitro and In vivo Evaluation of Anti-Inflammatory Activity of Methanol Stem Bark FractionsExtract of Morinda lucida Benth. 
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ABSTRACT

Aims: To investigate the anti-inflammatory potentials of the methanol extract fraction of Morinda lucida plant stem bark.
Study design: The study involved collection and treatment of plant material, experimentation, data analysis and interpretation of results.
Place and duration of study: The studies were conducted in the Faculty of Pharmaceutical Sciences, Enugu State University of Science and Technology, Agbani, Enugu State, Nigeria between April 2024 and January 2025.
Methodology: Pulverized dried M. lucida stem bark was cold macerated in methanol for 72 hours. The liquid extract was filtered and then concentrated to a semi solid form. The extract was fractionated using vacuum liquid chromatography (VLC) to get the methanol fraction based on increasing solvent polarity. The methanol fraction was screened using standard phytochemical methods. In-vivo model (rat hind paw oedema inhibition) and in vitro models (egg albumin denaturation and red blood cell membrane stabilization) were employed for anti-inflammatory activity evaluation of the extractmethanol fraction.
Results: Phytoconstituents of therapeutic importance (flavonoid, tannin, saponin and anthraquinone glycosides) were present in the methanol fraction of Morinda lucida (MFML). At doses of 50 mg/kg bw, 100 mg/kg bw and 200 mg/kg bw the extract exhibited significant in vivo anti-inflammatory activity in animal models with no significant difference at (p>P = .05) with respect to standard diclofenac and. The red blood cell membrane stabilization and albumin denaturation tests demonstrated in vitro concentration-dependent anti-inflammatory effects at concentration range of 0.2 – 1.0 mg/ml with no statistically significant difference at (p>P = .05) with respect to the standard drug (indomethacin). 
Conclusion: M. lucida stem bark possesses significant anti-inflammatory property suspected to be due to the presence of many bioactive constituents particularly flavonoids. The extract, therefore, comes as a good biobased alternative to somesynthetic anti-inflammatory medications which are usually synthetic and chemical based.  Such as indomethacin, ibuprofen and diclofenac  many of which have been associated with some serious adverse side effects.  
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1. INTRODUCTION

Inflammation has been described as “the body’s immune system response to harmful stimuli, such as pathogens, damaged cells, toxic compounds, or irradiation” (Medzhitov, 2010) which manifests as local lesion, pains or rashes. The purpose of the inflammatory response is to bring inflammatory mediators such as leukocytes and plasma proteins that are normally circulating in blood to the site of infection or tissue damage to eliminate the causative agent and initiate healing (Belakredar, Boudou and Abdelghani, et al., 2024).  Though inflammation may be a beneficial healing process, it may, as well cause damage to the body cells, tissue and organs if unable to remove the causative agents directed against the host (Chen et al., 2018). Inflammations do often too, come with associated pains and other discomforts that need to be controlled to avoid consequential tissue damages, autoimmune responses and other serious ill health. The commercially available drugs for the treatment of inflammatory disorders fall into the pharmacological classes of steroids and non-steroidal anti-inflammatory drugs such as, dexamethazones ibuprofen, indomethacin, diclofenac and many others. These drugs have been known to exhibit many adverse side effects and toxicities such as gastric intolerance, bone marrow depression, water and salt retention, among others (Serhan et al., 2007). It is on this premise that the need for alternative, less toxic, locally available and environmentally friendly alternatives remedies are being sought for the management of inflammatory disorders.  
Medicinal plants have since antiquity, provided sources of biologically active compounds with proven therapeutic activities. Morinda lucida, an important plant in traditional medicine in West Africa has been widely used for the treatment of disease symptoms associated with inflammatory processes. It has also been reported to possess analgesic, anti-malarial, anti-diabetic, and anticancer, and insecticidal activities as well as promoting gastric emptying and intestinal motility (Kwofie et al., 2016; Nweze, 2012; Yeo et al., 2016; Chen et al., 2015). The effectiveness of this plant parts as medicine has been suggested to be due to the presence of phytoconstituents such as anthraqinones, flavonoids, terpenoids and alkaloids (Rath et al., 1995 and Chithambo et al., 2017). This background knowledge justifies the need for a scientific investigation of the phytochemical components of the stem bark extract and evaluation of the anti-inflammatory property of the methanol fraction of Morinda lucida Benth.  using in vitro and in vivo assay procedures.

2. material and methods
2.1. Materials and reagents
Morinda lucida stem bark was harvested from the Morinda lucida tree located beside Faculty of Pharmaceutical Sciences Enugu State University of Science and Technology Agbani, Nkanu Local Government Area of Enugu State, Nigeria in April, 2024. It was authenticated in the Department of Pharmacognosy Enugu State University of Science and Technology, Agbani with Herbarium number FP/Cogn/13001. Blood sample was donated by a healthy adult male volunteer who gave informed consent after the procedures were explained to him. Reagents for phytochemical studies were obtained from a licensed chemical vendor, Jeochem Chemicals, Nig. Ltd, Nsukka, Enugu State, Nigeria. Tween 20, n-hexane, ethylacetate, n-butanol, EDTA and methanol were products of Sigma Aldrich, Germany. All other chemicals and reagents were of analytical grade and were used as supplied except where otherwise specified. 

2.2. Methods 
 2.2.1. Preparation of the plant material
The stem of Morinda lucida was left to air-dry at room temperature for 14 days in a confined area after which it was pulverized to a coarse form and made ready for extraction
. 2.2.2. Extraction and fractionation 
 The pulverized stem bark (500 g) was soaked in 2 liters of methanol and left for 72 hours at room temperature with intermittent agitation. The mixture was first filtered using a cheesecloth and then filtered with funnel clogged with cottonwood. The filtrate was concentrated using a rotary evaporator at reduced pressure to obtain methanol extract. The extract was subjected to vacuum liquid chromatography using silica gel (70-230 mesh size).   The extract (30 g) was then dissolved in methanol and mixed with silica gel, dried and then triturated in a mortar to obtain finely ground powdered sample. The sample was loaded into a packed VLC column and eluted with different solvents based on increasing polarity (n-hexane, ethyl acetate, n-butanol and methanol) to obtain the methanol fractions. The methanol fraction was concentration using a rotary evaporator and then stored in a refrigerator pending further analysis. 

2.2.3. Qualitative phytochemical analysis
Qualitative phytochemical analysis of samples of the powdered methanol fraction were performed according to the methods of Harborne, (2008) and Trease and Evans, (2009).

2.2.4. Evaluation of Anti-inflammatory Effect of M. lucida Extract using rat carrageenan-induced right hind paw oedema inhibition procedure 
 A total of 25 Wister rats of both sexes weighing 180 – 200 g were procured from the animal house of the Department of Pharmacology, Enugu State University of Science and Technology, Agbani, Enugu State, Nigeria. The study was approved by the Enugu State University of Science and Technology Animal Use and Safety Ethical Committee. The animals were housed in a laboratory cage and left to acclimatize with the environment for seven days prior to the commencement of the tests while being allowed free access to food (Grower’s mash rat pellet) and water. The rats were randomly divided into five groups (n = 5 per group). Group 1 animals which served as negative control were treated with normal saline while group 5 animals received Diclofenac (30 mg/kg bw) and served as positive control/standard treatment. Groups 2, 3 and 4 animals received per oral 50, 100 and 200 (mg/kg bw) respectively of the fractionsextract. The extract was dispersed as 5 % suspension in Tween 20 before administration. One hour (1 h) after administration of the extract and controls, oedema was induced in all the animals by subcutaneous injection of 0.1 ml of 1% carrageenan solution (prepared in normal saline) into the subplantar aponeurosis of the right hind paw. Inflammation was quantified by measuring the volume of liquid (ml) displaced by the paw at 0 h (pre induction of oedema) and at 1, 2, 3, and 4 h post induction. The percentage inhibition of inflammatory oedema in test and standard control group animals was calculated by the formula first described by Newbould (1963), 	Comment by james Kamau: Include approval reference number
% Oedema inhibition = 100{ ------------------------ equation 1.
where,
 Vta = mean hind paw volume of test group animals after carageenan injection
Vca = mean hind paw volume of positive control animals after carageenan injection
Vtb = Mean hind paw volume of test/standard group animals before carageenan injection
Vcb = mean hind paw volume of positive control animals before carageenan injection  
2.2.5. Evaluation of Anti-inflammatory Effect of Extract using red blood cell membrane stabilization Model (inhibition of heat-induced RBC membrane haemolysis)
The evaluation of the anti-inflammatory property of the extract was carried out according to the method of Shinde's et al. (1999) and involved, preparation of RBC suspension followed by test for RBC membrane stabilization against heat-induced  haemolysis.
2.2.5.1. Preparation of Human Red Blood Cells Suspension
Approval for this process was obtained from the Enugu State University of Science and Technology Clinical Research Ethics Committee.	Comment by james Kamau: Inlude Ethical approval reference number
In brief, 3 ml of fresh blood was obtained by venous syringing from a male adult donor who had earlier given informed consent and had abstained from alcoholic beverages, medications and cigarette smoking for 10 days prior to blood withdrawal. The withdrawn blood sample was placed in a vacutainer containing some EDTA and then centrifuged at a speed of 3000 rpm for 10 min. The sample was washed three times with equal volume of normal saline and then reconstituted as a 40% (v/v) suspension with 10 mM sodium phosphate buffer (pH 7.4).
2.2.5.2. Evaluation of RBC membrane stabilization
 The method described in Yesmin et al (2020) was employed for the current investigation. The tests were carried out on five separate concentrations of the extract fractions made up of (0.2, 0.4, 0.6, 0.8 and 1.0) mg/ml. In brief, 0.06 ml of the RBC suspension and 0.06 ml of the extract were mixed with 2.93 ml of phosphate buffer
(pH 7.4) and the resulting mixture incubated in a water bath set at a temperature of 54 °C for 20 min (Chen et al., 2015). Thereafter, the mixture was centrifuged at a speed of 3000 rpm for 5 min after which the absorbance of the supernatant was read on a vis/uv spectrophotometer (JENWAY 7305, United Kingdom) at a wavelength of 540 nm using the phosphate buffer as blank solution. For purposes of comparismon, Diclofenac was used as standard drug while the phosphate buffer again served as the negative control. The percentage inhibition of hamolysis was calculated using equation 2.
Percentage inhibition of hemolysis = Abs control – Abs sample × 100        equation 2 
                                                                        Abs control 
2.2.6. Evaluation of anti-inflammatory effect of extract using Inhibition of albumin denaturation method

 The method of Kumari et al., ( 2015) was used to study the effect of extract on albumin denaturation. In brief, 5 ml of the reaction mixture consisting of 1 ml of the M. lucida methanol fraction of concentration 1 mg/ml, 3.8 ml of phosphate buffered saline (pH 7.4) and 0.2 ml of 1 %w/v solution of Bovine albumin was prepared and incubated for 15 min at 37 oC in a water bath and thereafter heated at 70 oC for 5 min. The mixture was allowed to stand and cool to room temperature after which the absorbance was read at 660 nm using a vis/uv spectrophotometer (JENWAY 7305, United Kingdom). The experiment was performed in triplicate. Percentage inhibition of albumin denaturation was calculated using equation 32. The process was replicated using the phosphate buffer and indomethacin as negative and standard control samples respectively.

Percentage Inhibition =    ----------------------  equation 32 

DC = Absorbance of control 
 DS = Absorbance of sample

2.2.7. Statistical Analysis
All the experimental data were expressed as mean ± Standard deviation with n=3. For data processing and analysis Student tT-test was used using GraphPad Prism 5. The results were considered significant at pP <= .05.	Comment by james Kamau: ANOVA is the most appropriate

3. results and discussion

3.1. Phytochemical analysis of methanol fraction of M. lucida stem bark 
The qualitative phytochemical screening revealed the presence of some bioactive constituents as shown in table 1.  Flavonoids and Anthraquinones were the predominant phytoconstituents in the extract followed by saponins and tannins. There was no indication of the presence of alkaloids and terpenoids. In addition to the identified phytocomponents, Juergens, (2014) and Zhong et al., (2013) reported the presence of Damnacanthal, Catechin, 1,8-cineole and p-cymene in the M. lucida plant extract which they claimed were responsible for some observed bioactivities of the extract. 
Table 1: Phytoconstituents of M. lucida stem bark extract.

	Phytoconstituent
	Relative abundance in Methanol fraction 

	Alkaloids
	-

	Flavonoids
	++

	saponins
	+

	Tannins
	+

	Terpenoids
	-

	Anthraquinones glycosides
	++


Key: (+) present and (-) absent 

3.2. Anti-inflammatory activity of methanol extract fraction of M. lucida stem bark on carrageenan-induced rat hind paw oedema

The current studyies showed that methanol fraction of Morinda lucida stem bark at doses of 50, 100 and 200 mg/kg. bw exhibited a significant inhibition of hind paw oedema induced by carrageenan (p<0.05). This inhibitory effect was noted not to be dose dependent. As depicted in figure 1, only marginal increases in percentage inhibition were observed vis - a-vis wide increases inat corresponding extract doses. For instance, increasing the extract dose from 50 mg/kg bw (group 2 animals) to 100 mg/kg bw (100% increase) (group 3 animals) resulted in only 0.125 % oedema inhibition. Extract dose of 200 mg/kg bw exerted almost equal percentage inhibition as equal dose of the positive control drug. 	Comment by james Kamau: This is not true when you compare diffrent groups in the graph	Comment by james Kamau: There seem no significant variation between all tested groups including the negative control group. There seem a problem in calculation of percentage inhibition or the fractions including the referene drug did not possess anti-inflammatory effect.
Also, the analysis of all the groups need to be carried out using ANOVA.
Figure 1: Mean inhibition of carrageenan-induced oedema in rat groups treated with different concentrations of extract fraction and diclofenac 

3.3. Effect of extract fractions on red blood cell haemolysis (membrane stabilization)
Figure 2 is the chart showing the relative anti-inflammatory effect (indicated by % inhibition of haemolysis) of various concentrations each of the M. lucida extract and the standard drug (diclofenac) as well as two other control substances (normal saline and water). Various concentrations (0.2, 0.4, 0.6, 0.8 and 1.0) mg/ml of both fractions and diclofenac exhibited significant percentage inhibition of RBC hemolysis ranging from 12 to 54 % for the extract methanol fraction and 18 – 62 % for the diclofenac solution. For the tested concentrations, the control drug exhibited higher inhibition than the corresponding strength of the fraction. These differences were statistically significant (P = .05). Inhibition by the negative controls were insignificant (P < .001).

	Comment by james Kamau: In the graph you can use * or letters to note differences
Fig.ure 2: Relative percentage inhibition of membrane haemolysis by various extract and diclofenac concentrations

3.4. Investigation of anti-inflammatory effect of methanol extract fraction by egg albumin denaturation inhibition technique
The presence of the extract in the reaction vessel reduced the denaturation of egg albumin as indicated by higher absorbance/turbidity of the albumin mixture vis a viscompaed to the control, (figure 3).  The inhibitory effect was clearly dose/concentration dependent. For instance, while 0.2 mg/ml concentration of the extract produced 12 % inhibition, equal volume of 0.8 mg/ml concentration of the same extract induced 58 % inhibition. Water as a negative control sample yielded no inhibition while 0.8 mg/ml concentration of diclofenac caused 74 % inhibition indicating greater potency of this control over 1.0 mg/ml concentration of the extract fraction. 	Comment by james Kamau: This values and those of the graphs are contrradicting 
                       
Fig.ure 3: Percentage inhibition of albumin denaturation by various concentrations of M. lucida methanol extract fractions and control samples	Comment by james Kamau: Values of diclofenac and negative control are missing
The various results and observations made in the study strongly suggested that M. lucida methanol extract fractions possess some anti-inflammatory activity. Previous reports gave similar verdict and suggested that the anti-inflammatory effect was due to the presence of flavonoids. Flavonoids have been reported to modulate the expression of enzymes involved in inflammation and pro-inflammation biomarkers through inhibition of transcription factors (Swanson, 2015). Some flavonoids like quercetin, luteolin and apigenin have also been previously reported to be directly responsible for anti-inflammatory activity of many plant extracts (Nur, 2018 and Yao et al. 2016).	Comment by james Kamau: Discussion is inadequate

4. Conclusion

 M. lucida stem bark possesses significant anti-inflammatory property possibly due to the presence of many bioactive constituents particularly flavonoids. The extract, therefore, comes as a good biobased alternative to some chemical based anti-inflammatory drugs like indomethacin and diclofenac which have been associated with many adverse effects.  Future research may however, explore the possibility of formulating the extract as orthodox pharmaceutical dosage form thereby improving its usefulness and overcoming many draw backs associated with crude drug formulations. The work has given credence to the widespread use of M. lucida the extract the in African traditional medicine. 
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