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Phytochemical  and Heamatological Profile of Methanol Extracts of Morinda citrofolia Leaves in Wistar Rats

Abstract
Blood is an essential body fluid comprising blood plasma and blood cells. These blood cells are essential heamatological components necessary for healthy bodily function. These hematological parameters can deviate from their normal ranges for various reasons, which can have adverse effects. The study is aimed to evaluate the phytochemical and heamatological profile of methanol extracts of morinda citrofolia leaves in wistar rats.The heamatological study lasted for 21days and comprised of four groups with six (6) rats each. Group 1 received 1 mL normal saline (control), Group 2 received 100 mg/kg body weight of methanol extract of M.citrifolia leaves, Group 3 received 200 mg/kg body weight of methanol extract of M.citrifolia leaves and Group 4 received 400mg/kg of body weight of methanol extract of M. citrifolia leaves. Blood samples were collected weekly for three (3) weeks for heamatological studies. Phytochemical evaluation (Qualitative and quantitative), haematological parameter; (Packed Cell Volume (PCV), Erythrocytes (RBC) Count, White Blood Cells (WBC) Count, Hemoglobin Concentration (Hb), Mean Corpuscular Volume (MCV) and  Mean Corpuscular Hemoglobin (MCH)  were conducted using standard laboratory procedures.The phytochemical profile of methanol extracts of Morinda citrifolia leaves  revealed high presence of Alkaloids (+++). Moderate Saponins, Phlobacternins, Reducing Sugars and Volatile oils were detected. The quantitative phytochemical analysis correlated with the qualitative which revealed the concentration of 1540 ± 14.34 mg/100g for alkaloids and flavonoids (734 ± 11.32 mg/100g) as most abundant. Group 3 (45.00±8.49) and 4 (44.50±4.34)   revealed a significant (p≤0.05) increase in week 3 for PCV. RBC (x1017/L) significantly (p≤0.05) increased in Group 2 (59.50±2.83) at week 3. Group 4 significantly (p≤0.05) increased in WBC (×1011/L) (51.00±1.41), Hb (g/dl) (15.00±2.83) and MCH (pg) (11.86.±2.00) in week 3. Thus, prolong consumption of methanol extracts of Morinda citrifolia leaves extract may effectively improve haematological parameters.
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INTRODUCTION
Haematological studies focus on blood and its diseases, encompassing inherited disorders like haemoglobinopathy and malignancies such as acute leukaemia. They involve understanding blood components, including red cells, platelets, and immune responses from polymorphonuclear neutrophils (Haematological Disease, 2022).Plantextracts have proven to significantly increased red blood cells, hemoglobin, white blood cell counts, and platelets, indicating potential benefits in managing hematological disorders through its phytochemical properties (Jorum et al., 2016)
Scientific study on any medicinal herb is necessary to avoid significant harmful effects (Silalahi, 2020). According to several studies, 80% of residents of African origin use medicinal plants as their primary source of healthcare (Mendoza and Silva, 2018). Morinda citrifolia is the scientific name of the commercially known plant Noni. The name Morinda citrifolia is also referring to the botanical name which is originally derived from the two Latin words “morus” imputing to mulberry, and “indicus” imputing to Indian, it belongs to the Rubiaceae family.  In Hawaii M. citrifolia called Noni, whereas in India it is called Indian mulberry and nuna, or ach. Malaysians call it mengkudu and in Southeast Asia it is called nhaut, while in the Caribbean, it is called the painkiller bush or cheese fruit (Goswami, 2024). Currently, there are two recognized varieties of M. citrifolia (M. citrifolia var. citrifolia and M. citrifolia var. bracteata) and one cultivar (M. citrifolia cultivar Potteri) with The most commonly found variety is M. citrifolia   having the greatest health and economic importance (Vuanghao and Laghari, 2017). Morinda citrifolia  is an evergreen tree that is cultivated in the tropical and subtropical countries, including Polynesia, Vietnam, Malaysia, India, Cambodia, Costa Rica, South America, and China (Goswami,2024).  Each part of the plant, from its roots to its seeds, is widely used in folk medicine, and several therapeutic effects have already been reported. Several in vitro and in vivo studies have been performed in recent years, seeking to demonstrate the biological potential of M. citrifolia and/or its isolated compounds, and the results have been promising (Torres et al., 2017). Despite the reported benefits of noni plant, there are concerns regarding its potential toxicity, especially at high doses (West et al., 2018). Prolonged exposure to methanol extracts has been shown to disrupt hematological balance in some studies, with cases of hemolysis or altered hematopoiesis being reported (Kumar et al., 2022). The major components have been identified in the noni plant such as scopoletin, octanoic acid, potassium, vitamin C, terpenoids, alkaloids, anthraquinones (Paul et al., 2024) and iridoids, such as asperuloside, asperulosidic acid, deacetylasperuloside, citrifolinin, citrifoside, and dehydroepoxymethoxygaertneroside . The iridoid, which belongs to flavonoid compound, was mainly found in the Noni leaves (Setyani, and Setyowati, 2018). Thus the study is aimed to evaluate the phytochemical and heamatological profile of methanol extracts of morinda citrofolia leaves in wistar rats
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[bookmark: _Toc155853075]Figure 1: The fruits and leaves of morinda citrofolia (Chong, et al., 2019)
[bookmark: _Toc155853088][bookmark: _Toc70805618] MATERIALS AND METHODS
[bookmark: _Toc70805615][bookmark: _Toc155853089]Materials
Reagents/Chemicals
Distilled water, Chloroform, Acetone, Ammonia, Acetic acid, Blood serum, Hydrogen peroxide, Formaldehyde, Randox test kits, Formal saline, Normal saline, Methanol, Filter paper, Glass bottles, Hydrochloric acid, Wagner’s reagent, 10% Sodium hydroxide, 10% Ferric chloride.
[bookmark: _Toc155853090]Equipment and Apparatus
Hand gloves, centrifuge, spectrophotometer, syringe and needle, micro pipette, test tubes (anticoagulant free), sample bottles, conical flask, electronic weighing balance, scale, pipette, measuring cylinder, refrigerator and olympus microscope, rotatory evaporator, cages, drinkers, canula, beakers, electrical blenders, test tubes, test tube rack, water bath, spatula, cotton wool, surgical kit, 
[bookmark: _Toc155853091]Methods
[bookmark: _Toc70805619][bookmark: _Toc155853092]Collection and Authentication of Plant
[bookmark: _Toc70805620][bookmark: _Toc155853093]The leaves of Morinda citrofolia were collected from Makurdi, Benue State Nigeria. The leaves were identified by a Taxonomist in the Department of Botany and Plant Science, Joseph sarwuanTarkaa University Makurdi, Benue State.
Preparation of Plant Extract
The leaves of Morinda citrofolia were air dried under room temperature. The dried leaves of the plant were pulverized using an electrical blender. The grounded sample (352 g) of Morinda citrofolia was macerated in 1500 mL of the solvent (Methanol) at room temperature for 48hours with occasional shaking. This was followed by filtration using Whatman No. 1 filter paper. The filterate was then concentrated under reduced pressure using rotatory vacuum evaporator at 400C. It was then stored in an airtight container until required for the phytochemical analysis and administration to the animal model (Olatunde et al., 2020).
The percentage yield of the extracts was calculated as follows:

[bookmark: _Toc155853094]Experimental animals.
 Seventy two (72) female wistar rats, weighing 85–150g before the experiment were bought from the animal farm of the College of Veterinary Medicine, Joseph SarwuanTarkaa University Makurdi, Benue State Nigeria. On arrival, the rats were weighed and assigned randomly in polypropylene plastic cages with wood chips for bedding and housed in an animal room with controlled conditions.The animals were acclimatized in the animal house, College of Veterinary Medicine, Joseph SarwuanTarka University Makurdi, for one week. The rats were fed with standard commercial rat pellets (Pfizer feed plc, Lagos, Nigeria), and water was given ad-libitum. The animals were used in accordance with the guideline and recommendation of the ethic Committee on the use of animals for research of Joseph SarwuanTarka University.
Experimental desgn
Wistar rats were grouped into four (4) and treated as follows:

Group 1: Received 1ml normal saline (control)
Group 2: Administered with 100mg/kg body weight of methanol extract of M.citrifolia leaves
Group 3: Administered with 200mg/kg body weight of methanol extract M.citrifolia leaves
Group 4: Administered with 400mg/kg of body weight of methanol extract of M. citrifolia leaves 
6 (six) rats from each group were taken and sacrificed on the 1th, 2nd and 3rd week.
[bookmark: _Toc70805622][bookmark: _Toc155853098]Qualitative Phytochemical Analysis	
[bookmark: _Toc155853099]The phytochemical test (qualitative) was conducted using standard procedures as described by (Fitroh et al., 2023)
Qualitative Test for Flavonoids
[bookmark: _Toc155853100]The extract (1 mL) was treated with few drops of sodium hydroxide solution separately in a test tube. Formation of an intense yellow colour, which becomes colourless on addition of drops of dilute acid, indicated the presence of flavonoids.
 Qualitative Test for Saponin
The extract (1 mL) was diluted with distilled water in separate test tubes and they were shaken for one minute. The formation of layer of foam indicated the presence of saponins.
[bookmark: _Toc155853101]Qualitative Test for Tannins
[bookmark: _Toc155853102]The extract (1 mL) was dissolved in distilled water in the test tubes. To these solutions, 2 mL of 5% ferric chloride solution was added. The formation of blue, green or violet colour indicated the presence of tannins 
 Qualitative Test for Alkaloid
To the extracts, dilute hydrochloric acid was added, shaken well and filtered. To 3 mL of the filtrate, few drops of Meyer’s reagent were added along sides of test tube. Formation of creamy precipitate indicated the presence of alkaloids.
[bookmark: _Toc155853103]Qualitative Test for Cardiac Glycosides
[bookmark: _Toc155853104]Keller-Killiani test: 1 mL of glacial acetic acid was added to 2 mL of filtrate. 1 mL of ferric chloride was added followed by 1 mL of concentrated Sulphuric acid. Green-blue colouration indicates the presence of glycosides.
Qualitative Determination of Phlabotannins
[bookmark: _Toc155853105]The plant extract (2 mL) was boiled with 2 mL of 1% Hydrochloric acid, the formation of red precipitate indicates the presence of phlabotannins
Qualitative Test for Reducing sugar
[bookmark: _Toc155853106]Diluted Sulphuric acid (2.5 mL) was added to5 mL of the extract. The tube was boiled for 15minutes. The mixture was then allowed to cool and then neutralized with 10% sodium hydroxide. A brick -red precipitate indicated the presence of reducing sugar.
Qualitative Test for Terpenoids
[bookmark: _Toc155853107]Libermann- Burchardit test: To 1 mL of the plant extract, 1ml of Chlorofoam, 2 mL of acetate anhydride, 2 drops of concentrated Sulphuric acid wasadded. Pink or red colouration indicates the presence of terpenoid
Qualitative Test for Volatile oil
Diluted sodium hydroxide (0.1 mL) was added to2 mL of the extract and small quantity of diluted HCl was added and the mixture was shook vigorously. Formation of white precipitates indicates the presence of volatile oil.
[bookmark: _Toc155853108][bookmark: _Toc155853109]Quantitative Analysis
Estimation of Total Phenolic Content
FolinCiocalteaureagent (0.5ml) was added to 0.5ml of the extracts in the test tubes. 0.5ml of 15% sodium carbonate (NaCO3)was added after few minutes, 2.5ml of distilled water was added also to make up the solutions to 4ml. The mixtures were allowed to stand for 20 minutes and the absorbance was read at 760nm. The same experiment was carried out on tannic acid (reference standard) which is a known phytochemical (Nnaomaet al., 2023). The concentration was calculated using this equation:
Concentration of sample (X) =  x concentration of standard
[bookmark: _Toc155853110]Estimation of Total Flavonoid Content
 To 1ml of the plant extracts 75µL of 5% sodium nitrate (NaNO3) was added. After five minutes 150 µL 10% of alluminium chloride hydrate (Al2Cl3) and 500µL of 10% sodium hydroxide (NaOH) were added. 275µL of distilled water was added after six minutes and the absorbance was read at 510nm. The same experiment was carried out on quercetin (reference standard) which is a known phytochemical (Nnaoma et al., 2023). The concentration was calculated using this equation:
Concentration of sample (X) =  x concentration of standard
[bookmark: _Toc155853111]Estimation of Total Tannin Content
FeCl3 (800µL) and 800µL Potassium ferrocyanidetrihydrate (K4Fe (CN)6.3H2O)were added to 1ml of the filtrate (filtered extracts) in the test tubes. The absorbance was taken within 10 minutes. The same experiment was carried out on tannic acid (reference standard) which is a known phytochemical. The concentration of was calculated using this equation:
Concentration of sample (X) =  x concentration of standard
[bookmark: _Toc155853112]
Estimation of Total Alkaloid Content
 The extracts (2ml) taken into conical flasks and they were titrated with concentrated ammonia until precipitation was completed.  The samples were allowed to settle down for 5 minutes. Filter papers were weighed; after which they were used to filter the samples. The filtrates were washed using NH3. The filter papers were labeled and allowed to dry. The dried filter papers were weighed and the differences in mass were recorded. The percentage of alkaloids present was calculated using the formula below;
x 100
[bookmark: _Toc155853113]Collection of Blood Samples
At the end of the experiment, animals were anesthetized using chloroform and blood samples was collected via cardiac puncture and stored in EDTA tubes for heamatological  assay. 
Determination of Hematological Parameters.
[bookmark: _Toc145436116]Packed Cell Volume (PCV) Determination
The Packed Cell Volume PCV was determined using microhematocrit method as described by Coles (1986). Blood was drawn from tails of the mice in different groups by filling the capillary tube to about three quarters with anticoagulated blood. One end of the capillary tube was thereafter sealed with plasticine, by holding the tube vertically above the compound and then pushing down formally into it, twisting at the same time. The tube was then placed in the microhematocrit centrifuge with the sealed end outside. The capillary tube was centrifuged at 12,000 rpm for 5 minutes and the PCV read using the hematocrit reader.	
[bookmark: _Toc145436117]Erythrocytes (RBC) Count
The Red Blood Cells (RBC) count was estimated using the Neubauerhemocytometer (Ramnik, 2009). The blood was well mixed and drawn up in the red pipette to 0.5 mark and diluted to 101 marks with the red blood cell count diluting fluid (Diacies fluid). The pipette was shaken for 3 minutes. The counting chamber was cleaned and a cover slip placed on top of the ruled area after which the chamber was filled with the mixture. Before filling of the chamber, the first 4 or 5 drops of the mixture was blotted out using a piece of gauze. The filled counting chamber was allowed to stand for approximately 3 minutes before counting. Using x 40 objective, 5 of the 25 tertiary squares each containing 16 smaller squares were counted.
The number of red blood cells was then calculated using the formula:
RBC x 1012/L = RBC counted x Correction for volume x Correction for dilution.	
[bookmark: _Toc145436118]White Blood Cells (WBC) Count
Neubauer counting chamber was used for the white blood cells count (Rodak, 2016). The blood was well mixed and drawn using an aspirator and white cell pipette to 0.5 mark. The white cell counts diluting fluid (Turk’s diluting fluid which consists of 1% glacial acetic acid, tinged with gentian violet) was aspirated until the mixture reached the 11 marks. The content of the pipette was shaken for 3 minutes. The first 4 or 5 drops of the mixture was dispensed into a piece of gauze, after which a clean counting chamber with a cover slip on top of the ruled area was filled. The filled counting chamber was allowed to stand for approximately 1 minute before counting. Using x 40 objective, all cells contained in the 4-corner square ml was enumerated. The number of white blood cells per mm3 was calculated as shown below:
WBC x 109/L = WBC counted x Correction for volume x Correction for dilution.
[bookmark: _Toc145436119]
Determination of Hemoglobin Concentration (Hb)
Colorimetric method for the determination of hemoglobin concentration was used (Busari, et al., 2021). To 5 ml of Drab skin’s solution in a series of test tubes was added 0.2 cm3 of blood and allowed to stand for 3 minutes so that the blood could react with the ferricyanide solution properly. The colorimeter was warmed to 10 minutes before used. The content of each test tube was transferred into a cuvette and the optical density of each determined using a filter of 520 wavelengths. The Haemoglobin concentration was calculated using the formula; 
Hb (g/dL) = OD (test)OD (standard) x Conc. of. STD (g/L) 
Where, 
OD = Optical density 
STD = Standard
(Busariet  al., 2021).
Mean Corpuscular Volume (MCV)
To determine the Mean Corpuscular Volume, an automated heamatology analyzer was used. Blood samples were collected in EDTA tubes to prevent coagulation. The analyzer measured the volume of red blood cells (RBCs) by passing the cells through an electrical field and recording the changes in impedance (Busari et  al., 2021). The MCV was calculated by dividing the hematocrit (Hct) by the red blood cell count (RBC), and the result was expressed in femtoliters (fL) (Hoffbrand and Moss, 2016) 
Mean Corpuscular Hemoglobin (MCH)
The Mean Corpuscular Hemoglobin (MCH) was measured using the automated heamatology analyzer. The MCH value was obtained by dividing the total hemoglobin concentration by the red blood cell count (RBC), with the result expressed in picograms (pg) (Lewis et al., 2016).
Statistical Analysis 
[bookmark: _Toc155853121]Results obtained were recorded as mean ± SD and subjected to one-way analysis of variance (ANOVA) and where significant differences exist, means were compared using Duncan multiple range test. It was performed using Statistical Analysis System at 0.05 significant level (p≤0.05). The statistical analysis was carried out using Statistical Package for Social Sciences Software version 26 (SPSS Inc., IL, USA)
RESULTS
[bookmark: _Toc155853122]Phytochemical Analysis of Morindacitrifolia
[bookmark: _Toc155853123]Qualitative Phytochemical analysis of M citrifolia
The phytochemical analysis of methanol extracts of morinda citrofolia leaves revealed high presence of Alkaloids (+++), Saponins, Phlobacternins, Reducing Sugars and Volatile oils were moderate while Tannins, Flavanoidsand Steroids were in low amount. However, Terpenoids was not detected
 (Table 1).
Quantitative Phytochemical analysis of M citrifolia
The quantitative phytochemical analysis reveals the concentration of the different phytochemicals tested for  concentration    Alkaloids has the highest concentration (1540 ± 14.34 mg/100g) and flavonoids (734 ± 11.32 mg/100g), indicating significant pharmacological potential.   Although total phenols (1.54 ± 0.11 mg/100g) are present in smaller amounts. Tannins (36 ± 4.21 mg/100g), present in moderate concentrations.
(Table 2)
Effect of Methanol Extracts of Morinda Citrofolia Leaves on PCV 
The results highlight the varying responses to Morindacitrifolia treatment on PCV across four different groups within the period of three weeks.  Group 1 showed a significant increase in PCV in Week 3 (46.50±0.71). Group 2 exhibits non-significant increase across the weeks.Group 3 and 4 further revealed a significant increase in week 3 (45.00±8.49) and (44.50±4.34) respectively.However, there was no significant different when compared within the groups. 
(Table 3)
Effect of Methanol Extracts of Morinda Citrofolia Leaves on RBC (x1017/L)
The results highlight the varying responses to Morinda citrifolia treatment on RBC across four different groups within the period of three weeks.  Group 1 showed   non- significant increase in RBC. Group 2 exhibits a significant increase week 3(59.50±2.83). Group 3 and 4 revealed   non significant increase across the weeks. However, there was non significant different when compared within the groups.(Table 4)
Table 1: Qualitative phytochemical analysis of Methanol Extracts of Morinda Citrofolia Leaves 
	Phytochemicals
	Bioavailability

	Alkaloids
	+++

	Saponins
	++

	Tannins
	+

	Phlobacternin
	++

	Flavanoids
	+

	Reducing Sugars
	++

	Volatile oil
	++

	Steroid
	+

	Terpenoids
	-



Key:   -   not detected 
        +    Present in low quantity
       ++ Present in moderate quantity
      +++ Present in high quantity









Table 2: Quantitative phytochemical analysis of Methanol Extracts of Morinda Citrofolia Leaves
	Phytochemicals
	Concentration (mg/100g)

	Alkaloids
	1540±14.34

	Flavonoids
	734±11.32

	Total phenols
	1.54±0.11

	Tannins
	36±4.21


Values represent triplicate analysis of n=3

















Table 3: Effect of Methanol Extracts of Morinda Citrofolia Leaves on PCV of Wistar Rats
	Group
	Week1 (%)
	Week2 (%)
	Week3 (%)

	Group 1
	41.00±4.24aA
	42.50±3.54aA
	46.50±0.71aB

	Group 2
	34.50±0.71aA
	38.50±2.12aA
	40.00±4.24aA

	Group 3
	40.00±8.49aA
	40.00±9.90aA
	45.00±8.49aB

	Group 4
	34.00±1.41aA
	39.00±5.65aA
	44.50±4.34a B



Values are expressed as mean ± SD; (n =6). Values with different small letters down the column and capital letters across the column as superscript are considered   statistically significant at p ≤0.05
Where; Goup1= Normal Control (1ml of Normal saline), Group 2= 100mg/kg body weight of plant extract,Group 3=200mg/kg body weight of plant extract and Group 4= 400mg/kg body weight of  plant extracts













Table 4: Effect of Morinda citrifolia Methanol Extracts of Morinda Citrofolia Leaves on RBC of Wistar Rats
	Group
	Week1 (x1017/L)
	Week2 (x1017/L)
	Week3 (x1017/L)

	Group 1
	62.00±5.66aA
	62.25±24.75aA
	62.25±2.47aA

	Group 2
	52.75±3.18aA
	55.25±1.06aA
	59.50±2.83aB

	Group 3
	62.75±4.60aA
	59.25±4.60aA
	60.75±5.30aA

	Group 4
	54.50±2.83aA
	60.75±4.60aA
	60.25±6.01aA



Values are expressed as mean ± SD; (n =6). Values with different small letters down the column and capital letters across the column as superscript are considered   statistically significant at p ≤0.05
Where; Goup1= Normal Control (1ml of Normal saline), Group 2= 100mg/kg body weight of plant extract,Group 3=200mg/kg body weight of plant extract and Group 4= 400mg/kg body weight of  plant extracts











Effect of Methanol Extracts of Morinda Citrofolia Leaves on WBC (×1011/L)
The results highlight the varying responses to Morindacitrifolia treatment on WBC across four different groups within the period of three weeks.  Group 1 showed a non-significant increase in WBC across the weeks. Group 2 and 3 also exhibits a non-significant increase across the weeks.Group 4 revealed a significant increase in week 3 (51.00±1.41).However, there was non significant different when compared within the groups. 
(Table 5)
Effect of Methanol Extracts of Morinda Citrofolia Leaves on Hb (g/dl)
The results highlight the varying responses to Morindacitrifolia treatment on Heamoglobin (Hb) across four different groups within the period of three weeks.  Group 1,2 and 3 showed a non-significant increase in Hb across the weeks .Group 4 revealed a significant increase in week 3 (15.00±2.83) .However, there was no significant different when compared within the groups.
 (Table 6)
Effect of Methanol Extracts of Morinda Citrofolia Leaves on MCV (fL)
The results highlight the varying responses to Morinda citrifolia treatment on MCV across four different groups within the period of three weeks.  Group 1,2,3 and 4 showed a non-significant increase in MCV across the weeks .Similarly, there was non significant different when compared within the groups. 
(Table 7)
Effect of Methanol Extracts of Morinda Citrofolia Leaves on MCH (g/dl)
The table presents result on the effect of Morindacitrifolia methanol leaf extracts on Mean Corpuscular Hemoglobin (MCH). Group 1,2 and 3 showed a non-significant increase in MCH across the weeks .Group 4 revealed a significant increase in week 3 (11.86.±2.00) .However, there was no significant different when compared within the groups.
(Table 8)





Table 5: Effect of Methanol Extracts of Morinda Citrofolia Leaves on WBC of Wistar Rats
	Group
	Week1 (×1011/L)
	Week2 (×1011/L)
	Week3 (×1011/L)

	Group 1
	67.00±12.72aA
	54.00±8.49aA
	54.00±2.82aA

	Group 2
	53.00±4.24aA
	56.00±5.66aB
	55.00±1.41aB

	Group 3
	52.00±2.83aA
	52.00±5.66aA
	55.00±4.24aA

	Group 4
	50.00±5.66aA
	45.00±1.41aA
	51.00±1.41aB



Values are expressed as mean ± SD; (n =6). Values with different small letters down the column and capital letters across the column as superscript are considered   statistically significant at p ≤0.05
Where; Goup1= Normal Control (1ml of Normal saline), Group 2= 100mg/kg body weight of plant extract,Group 3=200mg/kg body weight of plant extract and Group 4= 400mg/kg body weight of  plant extracts










Table 6: Effect of Methanol Extracts of Morinda Citrofolia Leaves on Hb of Wistar Rats 
	Group
	Week1 (g/dl)
	Week2 (g/dl)
	Week3 (g/dl)

	Group 1
	13.67±1.41aA
	15.50±0.24aA
	14.17±1.18aA

	Group 2
	11.50±0.24aA
	13.33±1.41aA
	12.83±0.71aA

	Group 3
	13.33±2.83aA
	13.34±3.30aA
	14.84±0.23aA

	Group 4
	12..47±1.41aA
	13.00±1.88aA
	15.00±2.83aB



Values are expressed as mean ± SD; (n =6). Values with different small letters down the column and capital letters across the column as superscript are considered   statistically significant at p ≤0.05
Where; Goup1= Normal Control (1ml of Normal saline), Group 2= 100mg/kg body weight of plant extract,Group 3=200mg/kg body weight of plant extract and Group 4= 400mg/kg body weight of  plant extracts













Table 7: Effect of Methanol Extracts of Morinda Citrofolia Leaves on MCV of Wistar Rats
	Group
	Week1 (fL)
	Week2 ( fL)
	Week3 (fL)

	Group 1
	6.67±1.29aA
	7.47±0.18aA
	7.16±0.30Aa

	Group 2
	5.80±0.40aA
	7.23±2.63aA
	7.30±0.04aA

	Group 3
	6.67±1.98aA
	6.84±2.20aA
	7.14±0.83aA

	Group 4
	7.45.00±2.33.aA
	8.90.00±1.00aA
	8.32±0.76.aA



Values are expressed as mean ± SD; (n =6). Values with different small letters down the column and capital letters across the column as superscript are considered   statistically significant at p ≤0.05
Where; Goup1= Normal Control (1ml of Normal saline), Group 2= 100mg/kg body weight of plant extract,Group 3=200mg/kg body weight of plant extract and Group 4= 400mg/kg body weight of  plant extracts






Table 8: Effect of Morindacitrifolia Methanol Leaves Extract on MCH 
	Group
	Week1 (pg)
	Week2 (pg)
	Week3 (pg)

	Group 1
	6.67±1.29aA
	7.47±0.18aA
	7.16±0.30aA

	Group 2
	5.80±0.40aA
	7.23±0.63aA
	7.30±0.04aA

	Group 3
	7.14±0.83aA
	6.84±2.20aA
	6.67±1.98aA

	Group 4
	9.10±1.40aA
	9.70±0.20aA
	11.86.±2.00aB



Values are expressed as mean ± SD; (n =6). Values with different small letters down the column and capital letters across the column as superscript are considered   statistically significant at p ≤0.05
Where; Goup1= Normal Control (1ml of Normal saline), Group 2= 100mg/kg body weight of plant extract,Group 3=200mg/kg body weight of plant extract and Group 4= 400mg/kg body weight of  plant extracts











Discussion  
Phytochemicals derived from plants play a significant role in modulating heamatological  parameters due to their diverse bioactive properties (Thakur, 2011). Alkaloids, for instance, promote erythropoiesis and enhance oxygen transport by stimulating the production of heamoglobin and red blood cells. Flavonoids and phenols, as potent antioxidants, protect erythrocytes from oxidative stress and maintain membrane stability, thereby preserving PCV and RBC integrity(Khalidet al., 2021). Tannins, with their anti-inflammatory and antimicrobial properties, contribute to immune modulation, supporting WBC function and enhancing the body’s defense mechanisms (Choi et al., 2022).Together, these phytochemicals provide a natural means of improving hematological health, with studies consistently highlighting their potential in treating anemia, reducing oxidative damage, and bolstering immune responses(Goswamiet al., 2024).This interplay of phytochemicals and heamatology underscores the therapeutic promise of plant-based interventions(Paul et al., 2024).
The findings of this study reveal a rich phytochemical composition of for alkaloids (1540 ± 14.34 mg/100g ) and flavonoids (734 ± 11.32 mg/100g) as most abundant in Morinda citrifolia methanol leaf extract, providing a foundation for its therapeutic potential. This findings aligned with studies of Setyaniand (2018) which reported similarly high alkaloid content in M. citrifolia extracts. Alkaloids are renowned for their role in hematopoiesis, as they promote erythrocyte production and enhance the oxygen-carrying capacity of blood (Wang et al., 2020). They also exhibit anti-inflammatory properties, which may support the maintenance of healthy hematological parameters by reducing systemic oxidative stress (Muscolo et al., 2024).Flavonoids were the second most abundant phytochemicals, in this study, they have demonstrated the ability to enhance packed cell volume (PCV) and maintain RBC stability under stress conditions (Robbins, 1975). 
Tannins were present in moderate amounts (36 ± 4.21 mg/100g) and are known for their antimicrobial and astringent properties. Their ability to bind and neutralize free radicals complements the antioxidant effects of flavonoids and phenols. Additionally, tannins may reduce inflammation and oxidative damage, indirectly supporting hemoglobin synthesis and erythropoiesis. Total phenols, although present in lower concentrations (1.54 ± 0.11 mg/100g), play a synergistic role with flavonoids and tannins in maintaining antioxidant defenses.This findings are in line with that of Setyani and Setyowati (2018) who also detected these phytochemicals  in M. citrifolia leave extract. 
Generally, alkaloids have shown to stabilize erythrocyte membranes, reducing deformity and preventing parasite-induced damage (Opajobi et al., 2022). This stabilization leads to increased heamoglobin levels and improved hematological indices, countering anemia associated with infections.Also, they have  demonstrated regenerative effects on granulocytic hemopoiesis by enhancing the function of hemopoietic progenitor cells and improving the microenvironment for blood cell production (Zyuz’kov et al., 2013).
Flavonoids on the other hand, neutralize reactive oxygen species (ROS) by donating hydrogen atoms and electrons, which helps in reducing oxidative stress, this factor posses delirious effects to heamatological health (Rodríguez et al., 2023). They also enhance the activity of endogenous antioxidant enzymes, further protecting blood cells from oxidative damage (Rodríguez et al., 2023).Further more,their molecular activities cut across downregulation of  pro-inflammatory cytokines like TNF-α and IL-6, which are involved in inflammatory responses that can affect blood health (Boniface et al., 2022).
Packed Cell Volume (PCV) is a crucial hematological parameter that measures the proportion of red blood cells in the blood, reflecting the oxygen-carrying capacity of the blood (Mondal and Lotfollahzadeh, 2023).It is an essential indicator of overall health, with low levels potentially indicating anemia or other medical conditions, while high levels may suggest dehydration or polycythemia. The result in this study suggests that Morinda citrifolia exhibit a significant toxic effect on the PCV. This agrees with the findings of (Obeagu et al., 2024).
Red Blood Cells (RBC) are essential for transporting oxygen throughout the body, and their count is a key indicator of overall health (Mhatre and Marar, 2016). The findings of Mhatreand  Marar, (2016) suggest that Noni does not have a significant toxic effect on RBC counts in Wistar rats, aligning with this study which indicate its beneficial effects on blood parameter. White Blood Cells (WBC) are crucial for the immune system, as they help fight infections and other diseases. Abnormal WBC counts can indicate various health issues, such as infections, inflammation, or immune disorders. In this study, there was no significant (p≤) toxic effect on the WBC which was in tandem with the findings of Saminathan et al., 2014 that had similar values of the tested hematological parameters. Hemoglobin (Hb) is a vital protein in red blood cells responsible for transporting oxygen from the lungs to the body's tissues and returning carbon dioxide from the tissues back to the lungs (Meng, 2019). Saminathan et al. (2014) found that Noni fruit juice significantly increased Hb levels in Sprague-Dawley rats induced with mammary carcinogenesis, suggesting a potential beneficial effect on Hb levels.
Conclusion  
The phytochemical profile of Methanol Extracts of Morinda citrofolia Leaves revealed high alkaloids and flavanoids which may be responsible for the significant increase in PCV, WBC, RBC, HB and MCH across the three (3) weeks tested. 
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