In Vivo Evaluation of The Anti-Anemic Potential of Talinum Triangulare on Packed Cell Volume and Histopathology in Phenyl Hydrazine-Induced Female Wistar Rats



  ABSTRACT 
Anemia is a medical condition in which the red blood cells count is less than normal. This study looked at the effect of Talinum triangulare extract (TTE) on phenylhydrazine (PHZ) induced anemic Wistar rats. 30 Female Wistar rats grouped into 5 rats per group were used; group 1 was given 100mg TTE, group 2, given 200mg TTE, group 3, given 300mg TTE, group 4, given 400mg TTE, group 5, given Bunto blood tonic and group 6 normal saline (control). PHZ was administered to rats intraperitoneally (IP) at a dose of 40 mg/kg of body for two consecutive days. Treatment began after it was certified that the rats were anemic. Packed cell volume of anemic rats was taken after 24 hours.  After medication, rats on 400 mg/kg dosage showed the greatest increase in the mean values for PCV count of 41.8%, 41.8% and 45.8% respectively, when compared to the anemic control group with p<0.05. There was increase in PCV percentage of groups 2 and 3 and no increase was shown for groups 1 and 4 on 21st day and 28th day of administration of TTE. The mean values of PCV were not significantly different between the groups treated with 400mgTTE, 300mg TTE, 200mg TTE, or 100mgTTE. Histo-pathological changes in the liver and kidney of rats treated with phenylhydrazine revealed kidneys of rats in groups 1, 2, and 3 showed normal structures, while those in groups 4 and 5 showed mild degenerative vacuolation. The liver, showed mild necrotic changes in the hepatocytes.  This study showed that the mean packed cell volume (PCV) significantly increased after TTE administration, revealing the anti-anemic potentials of TTE noting varied efficacy levels post-treatment. The study showed Talinum triangulare as a futuristic medicinal plant in the management of anaemia.
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  INTRODUCTION                                                 
Anemia represents a significant public health concern that affects populations in both developed and developing countries. It is associated with substantial health burdens, including reduced work capacity, impaired cognitive function, and increased susceptibility to infections, making it a critical issue for global health systems (Aduwamai et al., 2018; Adewuyi et al., 2025). It is defined as a physiological condition in which the concentration of haemoglobin, the protein responsible for oxygen transport in the blood, falls below normal levels. This reduction in haemoglobin impairs the blood’s capacity to deliver adequate oxygen to body tissues, potentially leading to fatigue, weakness, and other related health complications. (Bigoniya et al., 2013; Yildiz et al., 2021). Haemoglobin is contained within red blood cells, which are the most abundant and easily observable cellular components of the blood. These cells play a crucial role in oxygen transport throughout the body and have an average lifespan of approximately 120 days, after which they are removed and recycled by the body’s reticuloendothelial system (Xiong, 2014). A reduced number of erythrocytes, or red blood cells, can lead to anemia, resulting in an insufficient supply of oxygen to body tissues. This deficiency impairs cellular metabolism and can cause symptoms such as fatigue, weakness, and decreased physical and cognitive performance (Libregts, 2011). 
Anemia can manifest in several forms, each with distinct underlying causes. Common types include blood loss anemia, which arises from excessive bleeding; aplastic anemia, resulting from impaired bone marrow function; megaloblastic anemia, caused by deficiencies of vitamin B₁₂ or folate; and haemolytic anemia, characterised by the premature destruction of red blood cells. Each type presents unique clinical features and requires specific diagnostic and therapeutic approaches (Dubois et al., 2006; Hall and Hall, 2007; Gamit and Talwelkar, 2017). Iron deficiency anemia is the most widespread form of anemia globally, affecting an estimated 30% of the world’s population. It arises primarily from inadequate dietary iron intake, poor absorption, or increased physiological demands, leading to reduced haemoglobin synthesis and impaired oxygen transport. This condition represents a major public health concern due to its widespread prevalence and significant impact on physical performance, cognitive function, and overall health (Staubli Asobayire, 2005; WHO, 2009; Mclean et al., 2009; Camaschella, 2017; Leung et al., 2024). Anaemia can result from a variety of factors, including nutrient deficiencies due to inadequate dietary intake or impaired nutrient absorption (Chinko et al., 2020; Hussein et al., 2023), infectious diseases such as malaria, parasitic infections, tuberculosis, and HIV, as well as inflammation, chronic illnesses, gynaecological and obstetric conditions, and inherited disorders of red blood cells. Among the nutritional causes, iron deficiency remains the most prevalent, although deficiencies of folate, vitamin B₁₂, and vitamin A also contribute significantly to the development of anaemia. These diverse aetiologies highlight the multifactorial nature of the condition and the need for targeted preventive and therapeutic strategies. 
Anaemia arises from multiple causes, which can be broadly classified into inadequate or abnormal production of red blood cells, excessive destruction of red blood cells, and excessive loss of red blood cells (Dacia and Lewis, 2004; Turner et al., 2018). According to the World Health Organization (2005) (Bhushan, 2005), several factors are commonly associated with anaemia, including iron deficiency (Al-Zebedi et al., 2014), deficiencies of other essential micronutrients, malaria (Crawley, 2004), parasitic infestations, and HIV infection. In addition to conventional therapies, numerous medicinal plants have been traditionally employed to manage anaemia. Notable examples include Spinacia oleracea, Telfairia occidentalis, Jatropha curcas, Waltheria indica, Spondias mombin, Carica papaya, and Moringa oleifera, many of which are believed to enhance haemoglobin levels and improve overall blood health (Dina et al., 2006; Kayode and Kayode, 2011; Damodara, 2013; Luka et al., 2014; Otitoju et al., 2014; Gheith et al., 2019). 
Talinum triangulare (commonly known as water leaf) is an edible leafy vegetable belonging to the family Portulaceae. It is a herbaceous perennial plant, typically characterised by stems that are prominently visible above the ground. While species within the genus Talinum are generally self-pollinating, populations often exhibit heterogeneity due to their flowers’ natural tendency to attract insect pollinators. Talinum triangulare itself is an erect, glabrous perennial herb with succulent stems and leaves, swollen and fleshy roots, and distinctive purple flowers. Its nutritional and medicinal properties have made it an important vegetable in many traditional diets. It is rich in vitamins A and C, iron, and calcium. The leaves are tender and have a slightly tangy flavor. Waterleaf is often used in soups, stews, and salads. It is known for its nutritional benefits and is a popular ingredient in Nigerian cuisine. The leaves of Talinum triangulare are edible and commonly consumed as a vegetable. They are traditionally used to promote bowel movement and facilitate the elimination of faeces. In addition to human consumption, the plant serves as fodder for livestock. Medicinally, it has been employed in the management of gastrointestinal disorders, dropsy, swelling, oedema, and to support cardiovascular health. Talinum triangulare is among several plants documented in inventories of medicinal species cultivated in homestead gardens, where traditional medical practitioners utilise its various parts for the preparation of herbal remedies (Temitope and Omotayo, 2012; Barman et al., 2024). 
In vivo is Latin word for "within the living." It refers to studies that are done within living organisms, such as human or animal. It involves observing and analyzing biological processes and interactions in their natural environment. For example, in the context of assessing anemia, in vivo studies would involve examining blood samples and conducting tests within the body of a living organism (Ochei and Kolhathar, 2008). It allows researchers to better understand how the condition affects the organism as whole. In vivo testing is often employed over in vitro because it is better suited for observing the overall effects of an experiment on a living subject.
The use of in vivo assessment in medicinal plants is for assessing effectiveness of medicinal plants for anemia in vivo (Burkhill, 1985), researchers often conduct experiments using animal models. They administer extracts or preparations of the plant to the animals and then observe any changes in their blood parameters, such as hemoglobin levels or red blood cell count. Medicinal plants have potential therapeutic benefits for treating anemia and various diseases (Sofowora, 1993; Temitayo and Omotayo, 2012).
Phenylhydrazine is a chemical agent commonly used to induce hemolytic anemia (Yeshoda, 1942; Clemens, 1984; Arbonnier, 2000; Diallo et al, 2008, Ogbe et al., 2010; Luka et al., 2014, Aduwamai et al., 2024) in experimental animals. The first synthetic hydrazine derivative, phenylhydrazine, was created in 1875 by German organic scientist Hermann-Emil-Fischer. At room temperature, it is a light yellow crystalline or oily liquid, and at low temperatures, monoclinic prismatic crystals develop. It quickly turns dark brown or dark crimson in hue from oxidation in the air. Phenylhydrazine creates monoclinic prisms that, when exposed to air, melt into an oil at room temperature, turning it from yellow to dark crimson (Trease and Evans, 1989).
Anaemia is defined as a reduction in the number of circulating red blood cells (Turner, 2018). One of the most commonly used indicators for assessing anaemia is the Packed Cell Volume (PCV), also referred to as haematocrit, which represents the proportion of blood volume occupied by red blood cells. In rats, the normal PCV range is 25–45%, with values below 25% indicative of anaemia. Measurement of PCV provides a simple and reliable method for evaluating the severity of red blood cell deficiency and overall oxygen-carrying capacity of the blood (Onyeabo et al., 2017). The Packed Cell Volume (PCV), also known as haematocrit, is a measurement that expresses the proportion of blood volume occupied by red blood cells relative to the total volume of whole blood in a capillary or venous sample. Determination of haematocrit is a fundamental diagnostic tool, as deviations from the normal range can indicate a variety of pathological conditions, including anaemia, polycythemia, dehydration, and other blood-related disorders. This makes PCV an essential parameter in both clinical and experimental settings for assessing overall blood health. The aim of this study is to evaluate the in-vivo assessment of anemic potentials of Talinum triangulare in Female albino Wistar rats.
MATERIALS AND METHODS
Micro haematocrit (capillary) tubes, Centrifuge, Refrigerator Clean, non-sterile gloves, Micro Pipette, Cotton Wool, Needle, Syringe, Hand Gloves, Sample Bottles, Capillary Tubes, Sealants, Phenylhydrazine, Sodium chloride, Methylated Spirit, Distilled Water.
Methods
Plant Extraction procedure 
Fresh plant of T. triangulare was bought freshly from Oje market Ede, Osun State, Nigeria. The plant was identified in the laboratory. The leaves were then air dried for four weeks and then when dried was grounded using blender and 500g was weighed and diluted into 5 liters distilled water.
The solution was kept under appropriate temperature for 72hours. The extract was filtered and the filtrate taken for rotary evaporation at Redeemer’s University Ede. The residue obtained was kept in a beaker until when needed. 
 Animal Housing 
Thirty healthy female Wistar rats, weighing 120-150g, were breed at the Animal house, Federal Polytechnic Ede. The animals were housed in plastic cages under conducive environment. All rats were fed ad libitum. The animals were acclimatized for 1 week before the beginning of the study.
Animal grouping
Thirty female Wistar albino rats were divided into six groups ranging from 120g-150g of five rats each hosted in separate cages. The 6 groups of animals will in addition to normal feed and water and will be treated in the following order:
Group 1: Anemic and treated with 100mg/kg body weight talinum triangulare for 28 days.
Group 2: Anemic and treated with 200mg/kg body weight talinum triangulare for 28 days.
Group 3: Anemic and treated with 300mg/kg body weight talinum triangulare for 28 days
Group 4: Anemic and treated with 400mg/kg body weight talinum triangulare. for 28 days
Group 5: Anemic and treated with bunto blood tonic for 28 days.
Group 6: Not anemic and no treatment for 28 days. (control group, given Normal Saline-NS)

Induction of anemia
Anaemia was induced via intraperitoneal (IP) administration of PHZ at a dose of 40 mg/kg over two consecutive days. Rats exhibiting anaemia, defined by a packed cell volume (PCV) below 25%, were selected for inclusion in the study (Garrod and O'Grady, (1971; Chinko et al., 2020).
Collection of blood sample 	
The tail was immersed in water at 42 °C for 40–50 seconds to promote vasodilation, after which it was gently dried using a paper towel. To obtain a blood sample, the tail vein was accessed while carefully rotating the animal’s body with the tail to prevent torsion. Blood was drawn from the lateral veins located on either side of the tail artery. Tail pigmentation, which varies between strains and typically increases with age, was noted. A catheter was then gradually inserted into the vein at a shallow angle, approximately 5 cm from the tip of the tail. Upon successful venous entry, blood flowed into the catheter, and the plunger of the syringe was slowly withdrawn to collect the desired volume at a controlled rate of approximately 20 µl per second (Memphis, Drumwright and Co, 2007). The blood sample was collected on day 0 and day 1 to certify that the rats were anemic. After certification blood samples were collected on day 7, 14, 21 and 28 respectively and PCV determined consecutively.
 Oral Administration of TTE into rat
The thirty rats were divided equally into 6 groups: 1, 2, 3, 4, 5 and 6. The plant extract was administered orally to the rats once daily for 28 days. Group 6 which served as positive control received NS only and Group 5 was taken as negative control and treated with100 mg kg-1 of  blood tonic (Bunto). While groups 1 to 4 received 100, 200, 300 and 400 mg kg-1 of the extract, respectively. The weight of the rats was taken on days 1, 7, 14, 21 and 28 (i.e. weeks 1, 2, 3 and 4).
 Determination of Packed Cell Volume (PCV)
One millilitre of blood was collected from each rat into tubes containing ethylenediaminetetraacetic acid (EDTA) as an anticoagulant and thoroughly mixed using a blood mixer. Packed cell volume (PCV) was determined using the microhaematocrit method. Heparinised blood was drawn into a capillary tube, filling approximately 75% of its length, and the tube was sealed with plasticine. The tubes were then centrifuged in a microhaematocrit centrifuge at 10,000 rpm for ten minutes, resulting in the separation of blood into distinct layers (Ochei and Kolhatkar (2008). The capillary tubes were subsequently placed in a microhaematocrit reader for measurement. The microhaematocrit centrifuge comprises a motor that drives the rotor, centrifuge heads (carriers) that hold the capillary tubes, and a lid with a secure latch. By applying centrifugal force, the device separates suspended particles from a liquid or separates liquids of differing densities. The microhaematocrit centrifuge is a specialised fixed-head unit capable of rapidly reaching speeds of up to 11,000 rpm and relative centrifugal forces (RCF) of approximately 15,000 g, optimised for spinning microcapillary tube samples. Packed cell volume (PCV) values were accurately recorded, with all blood samples analysed within two hours of collection.
 HISTOPATHOLOGY 
 TISSUE PROCESSING
The purpose of tissue processing is to embed the specimen in a medium that provides adequate support and rigidity to facilitate the cutting of thin sections, while remaining sufficiently soft to avoid damage to the cutting instrument or the tissue itself, thereby preserving the tissue architecture with minimal structural alteration.
Tissue processing involves the following.
1. Fixation
2. Dehydration
3. Clearing
4. Embedding
5. Sectioning
6. Sliding
7. Staining
8. Covering
TISSUE PREPARATION FOR TISSUE PROCESSING
After harvesting, the tissues were placed in a fixative (10% formaldehyde) to prevent autolysis and putrefaction. The tissues were grossed into small bits to ensure proper penetration of the fixative.  For optimal fixation and high-quality processing, the dimensions of the tissue specimen are important and ideally, the thickness should not exceed 4mm. The tissues were cut in small bits of about 4mm and placed into a histology tissue cassette.
 FIXATION
This was done to preserve the structure of the tissue and was achieved by the influence of a chemical compound called Fixative. The common type of fixative used in tissue processing is 10% formaldehyde which was used in this study. Time required is 1mm / hour fixation.
 DEHYDRATION
The next stage was dehydration which is the removal of extractable water from the tissue. Graduated strength of alcohol was employed at series consisting of 30%, 50%, 70%, 90% and 100% alcohol to produce good results. Average time used was 20-30 mins in each solution of alcohol
 CLEARING
Clearing is also known as dealcoholizing. The aim of this was to replace alcohol in the tissue by a solvent which is miscible with paraffin wax. Xylene and Chloroform is the most commonly used for this process but xylene was used in this study.
EMBEDDING
Prior to sectioning, the tissue must be embedded in a medium that, once solidified, possesses sufficient consistency to allow the preparation of thin sections. Paraffin wax, the most commonly employed embedding medium, was utilised for this purpose. During the embedding procedure, the paraffin was heated to 60 °C, and upon cooling, it solidified together with the tissue to form a firm tissue block suitable for sectioning.
SECTIONING
This is the process of cutting /sectioning the tissue into thin sections. This was done by the help of a machine called a Microtome. The tissues were cut into 4 microns of thickness.
  SLIDING
After the sectioning was done, the sliced sections were floated in a warm water bath. A clean glass slide was used to pick the thin section on the water bath in such a way that no air bubble was trapped between them. The slide with the tissue was then subjected to heat in an hot air oven to get rid of the excess wax leaving the tissue alone mounted on the glass slide.
STAINING
The staining process was the next stage after mounting the tissue on the slide. Because the tissues of the body are colorless at this stage, it will be difficult to study their details and so the staining technique enhances natural contrast and permits distinction to be made between them. The most commonly used dye is a combination of Hematoxylin and Eosin (H&E) which was used in the staining of the tissues.
 H&E STAINING PROCEDURE
1. Dewax paraffin sections in xylene for 3-5 minutes
2. Pass through descending grades of alcohol as follows; 100% for 1 minute; 3 changes, 90% for 1 minute, 70% for 1 minute, 50% for 1 minute.
3. Rinse sections in tap water for 1 minute
4. Stain in Hematoxylin for 15 minutes
5. Wash in running water for about 3 minutes
6. Differentiate in acid alcohol for about 5-10 seconds
7. Blue in tap water for 5 minutes
8. Counter-stain in Eosin for 5 minutes
9. Wash off excess stain in water
10. Dehydrate in ascending grades of alcohol ( 50%, 70%, 90% and 100%) for 1 minute each
11. Clear in xylene and mount with D.P.X (DEPEX)

Statistical Analysis 
Data are expressed as mean ± standard error (SE). Differences among groups were evaluated using one-way analysis of variance (ANOVA), followed by Bonferroni’s post-hoc pairwise comparisons. Statistical analyses were performed using Windows SPSS version 20.0 (SPSS Inc., Chicago, IL, USA), and values of P < 0.05 were considered indicative of statistical significance.
RESULTS
Table 1: Packed cell volume (PCV) of anemic rats treated with aqueous extracts of T. Triangulare, Bunto blood tonic, and normal saline for 7,14,21 and 28 days respectively.
	GROUP
	DAY 0
	DAY 1
	DAY 7
	DAY 14
	DAY 21
	DAY 28

	100mg/kg/bw
	38.0 ± 3.08
	24.8±1.98
	32.6±1.94
	37.6±2.88
	41.6±2.07
	41.6±2.07

	200mg/kg/bw
	34.8±5.01
	22.4±1.14
	37.2±2.28
	40.6±2.96
	42.4±2.70
	42.8±1.48

	300mg/kg/bw
	34.6±5.07
	20.2±0.44
	34.4±3.36
	39.0±4.69
	40.0±1.41
	41.8±2.30

	400mg/kg/bw
	33.8±5.67
	23.2±0.59
	35.0±3.31
	41.8±2.38
	41.8±1.78
	45.8±1.78

	Neg. control (Bunto)
	40.4±1.67
	24.2±2.16
	36.0±3.80
	41.8±2.86
	41.8±1.78
	43.2±2.38

	Normal saline (positive control)
	44.8±4.14
	44.8±4.14
	36.2±3.56
	43.4±2.70
	43.0±6.59
	45.4±3.84



Table 1 presents the progressive effect of Talinium triangulare leaf extract (TTE) on the packed cell volume (PCV) of rats, expressed as a percentage. Administration of phenylhydrazine resulted in a significant reduction in PCV levels. Treatment with the plant extract elicited a dose-dependent increase in PCV compared with the control group. Notably, PCV levels increased significantly (p < 0.05) at extract concentrations of 200 mg and 300 mg relative to the control. A progressive increase in PCV levels was observed over the course of the treatment period. All groups exhibited a significant (p < 0.05) increase in PCV by day 21 compared with baseline (day 0). Notably, rats in group 4, which received 400 mg of the plant extract, demonstrated a significantly higher (p < 0.05) PCV at day 28 compared with the other groups treated with lower extract concentrations.
Table 2:  Comparison of the packed cell volume (PCV) in the pre and post phenylhydrazine induced Wistar rats at statistical value p<0.05
	PCV
	Group A
	Group2
	Group3
	Group4
	Group5
	Group6

	DAY 0
	38.0±3.08
	34.8±5.01
	34.6±5.07
	33.8±5.67
	40.4±1.67
	44.8±4.14

	DAY 2
	24.8±1.98
	22.4±1.14
	20.2±0.44
	23.2±0.59
	24.2±2.16
	44.8±4.14

	P-value
	  0.00004
	   0.0006
	   0.0003
	  0.00005
	    0.000
	    0.738


Differences between two or more means at p-value < 0.05 was considered statistically significant.




Table 3: Comparison between the packed cell volume of 100mg vs 400mg of TTE on phenyl hydrazine induced Wistar rats.
	       Groups 
	      DAY 7
	      DAY 14
	      DAY 21
	    DAY 28

	1
	32.6±1.94
	37.6±2.88
	41.6±2.07
	41.6±2.07

	4
	35.0±3.31
	41.8±2.38
	41.8±1.78
	45.8±1.78

	        p-value
	     0.20
	     0.04
	     0.87
	     0.01


Differences between two or more means at p-value < 0.05 was considered statistically significant.
Table 4: Comparison between the packed cell volume of 400mg of TTE with NS on Wistar Rats.
	       Groups 
	      DAY 7
	      DAY 14
	      DAY 21
	    DAY 28

	4
	35.0±3.31
	41.8±2.38
	41.8±1.78
	45.8±1.78

	6
	36.2±3.56
	43.4±2.70
	43.0±6.59
	45.4±3.84

	        p-value
	     0.88
	     0.08
	     0.66
	     0.84


Differences between two or more means at p-value < 0.05 was considered statistically significant.
Table 5: Comparison between the packed cell volume of 300mg of TTE with Bunto blood tonic on Wistar Rats
	       Groups 
	      DAY 7
	      DAY 14
	      DAY 21
	    DAY 28

	3
	34.4±3.36
	  39.0±4.69
	40.0±1.41
	41.8±2.30

	5
	36.0±3.80
	41.8±2.86
	41.8±1.78
	43.2±2.38

	        p-value
	     0.50
	     0.28
	     0.12
	     0.38


Differences between two or more means at p-value < 0.05 was considered statistically significant.
Table 6: Comparison between the packed cell volume of 200mg vs 400mg of TTE on phenyl hydrazine induced Wistar rats
	       Groups 
	      DAY 7
	      DAY 14
	      DAY 21
	    DAY 28

	2
	37.2±2.28
	40.6±2.96
	42.4±2.70
	42.8±1.48

	4
	35.0±3.31
	41.8±2.38
	41.8±1.78
	45.8±1.78

	        p-value
	     0.25
	     0.50
	     0.69
	     0.20


Differences between two or more means at p-value < 0.05 was considered statistically significant.

Table 7: Comparison between the packed cell volume of 100mg of TTE with NS on Wistar Rat s 
	       Groups 
	      DAY 7
	      DAY 14
	      DAY 21
	    DAY 28

	1
	32.6±1.94
	37.6±2.88
	41.6±2.07
	41.6±2.07

	6
	36.2±3.56
	43.4±2.70
	43.0±6.59
	45.4±3.84

	        p-value
	0.08
	     0.01
	     0.61
	     0.09



Differences between two or more means at p-value < 0.05 was considered statistically significant.
Table 2, indicated that the mean value of packed cell volume (PCV) after the induction of phenyl hydrazine significantly(p<0.05) reduced, the phenyl hydrazine induced have significant reduction on the packed cell volume.
Table 3 showed the mean values of packed cell volume (PCV) of the group treated with 400mg of T. triangulare extract showed significant changes (p<0.05) when compared to the group treated with 100mg of T. triangulare throughout day 14th and day 28th of administration, while the 7th day and 21st  day of administration showed no significant changes as their p values show 0.20 and 0.87 respectively, where p > 0.05.
 Table 4 shows the mean values of PCV of the group treated with 400mg/body weight of the rats have no significant(p<0.05) changes on the days of administration with TTE compared to the control group using normal saline on the days of administration.
Table 5 shows the mean values of packed cell volume (PCV) of the group treated with 300mg of TTE which showed no significant changes (p<0.05) when compared to the group treated with Bunto Tonic throughout the days of administration.
Table 6 shows the mean values of packed cell volume (PCV) of the group treated with 400mg of TTE which showed no significant changes (p<0.05) when compared to the group treated with 200mg of T. triangulare on phenyl hydrazine induced Wistar Rat throughout the administrations.
Table 7 shows the mean values of PCV of the group treated with 100mg/body weight of the rats have no significant(p<0.05) changes on the 7th,21st and 28th days of administration with TTE while, 14th day of administration has a significant change (P<0.05) with TTE compared to the control group using normal saline on administration days.
HISTOPATHOLOGY INVESTIGATIONS
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Fig 1:  Photomicrograph of the Kidney, stained with Hematoxylin and Eosin (H&E) *100. 
Rats in groups 1, 2, and 3 display a normal histological structure with glomerulus (G) proximal convoluted tubules (PCT), distal convoluted tubules (DCT) and the urinary space intact. Kidney sections of rats in groups 4 and 5 displayed mild degenerative changes marked by vacuolations in the renal tubule and pyknotic cells (black star). Rats in group 6 displayed a normal renal cytoarchitecture characterized by well defined glomerulus, urinary space, and tubules. 
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Fig 2    Photomicrograph of the liver, stained with Hematoxylin and Eosin (H&E) X100. 
Rats in groups 1 and 2 showed normal hepatic cytoarchitecture with central vein and surrounding hepatocytes, sinusoids and portal triad consisting of the portal vein, bile duct and hepatic artery. 
The liver section of rats in groups 3 and 4 is indicative of mild degenerative changes marked by distended portal vein (red star) with blood sinusoids suggestive of portal inflammation and enlarged sinusoids (black star). Mild necrotic changes can be observed in the hepatocytes. Rats in groups 5 and 6 presented with mild cytoplasmic vacuolation, and fatty changes of hepatocytes but on a general outlook, the cytoarchitecture appears normal.
CV=Central vein; S=Sinusoids; H=Hepatocytes; PT=Portal triad
 DISCUSSION 
The study investigated the effect aqueous extract of T. triangulare on packed cell volume in females Wistar albino rats. Thirty female albino rats in six groups were used for the study. The groups (1-6) comprised 100mg/kg, 200mg/kg, 300mg/kg and 400mg/kg plant extract, a group on (Bunto blood tonic used to treat anemia), a normal (non-anemic) group. When phenylhydrazine was administered to the various rat groups, anemia was developed by a significant decrease in PCV levels of rats (Arbonnier, 2000; Onyeabo et al., 2017). The primary criteria for determining anemia is PCV%. Talinum triangulare extract (TTE) was then given to Wistar rats to observe its effects in comparison to those of other groups given normal saline and Bunto blood tonic. The TTE contributed in the faster reversal of the phenylhydrazine induced anemia in rats treated with the extract for four weeks. Aqueous leaf extract of T. triangulare caused significant increases [p<0.05} in the mean values of PCV. This clearly indicate that on day 7 treatment we already recorded significant changes on PCV even though the treatment lasted for 28 days. A similar result was obtained by Chinko et al, (2020), whose work showed a dose dependent anti-anemia property of that treatment with Tectona grandis, T. occidentals and A. hybridus, medicinal plants used in their region to treat anemia.
Histological examination of the liver and kidney revealed some changes in both organs of the treated groups. The effect of Triangulare on histopathology examinations of kidney tissues in phenylhydrazine induced anemic rats. Kidney of rats in groups 1,2 and 3 showed a normal histopathology structure with glomerulus (G) proximal convoluted tubules (PCT), distal convoluted tubules (DCT) and the urinary space intact (fig 1).
Meanwhile, kidney of rats from groups 4 and 5 revealed mild degenerative vacuolation in renal tubules and pyknotic cells (fig 2). Rats in group 6 displayed a normal renal cytoarchitecture with well-defined glomerulus, urinary space, and tubules. Previous studies have reported that the kidney section obtained from a rat treated with phenylhydrazine showed histological changes which include degenerative vacuolation and normal renal cytoarchitecture defined glomerulus, urinary space and tubules (Turaskar, 2013; Arshish et al., 2013).
[bookmark: _GoBack]The effect of T. triangulare extract on histopathology examinations of liver tissues in phenylhydrazine induced anemic rats. A normal hepatic cytoarchitecture was observed in group 1 and 2(fig. 1). Groups 3 and 4 showed histological changes in the liver not similar to the control group (fig 2). However, degenerative changes in the liver tissue of anemic rats were seen including mild necrotic of hepatocytes (fig 2). Mild cytoplasmic vacuolation and fatty changes of hepatocytes appears normal cytoarchitecture in rats in group 5 and 6. The liver is a vital and highly complex organ, performing essential functions in the maintenance of physiological processes, regulation of homeostasis, xenobiotic metabolism, and detoxification. As the primary site of exposure to therapeutic agents, xenobiotics, and other toxins, the liver is particularly susceptible to chemically induced injury.  T. triangulare has shown in the past to ameliorate changes in liver for example following administration of MSG (Monosodium glutamate), (Nwakanma et al., 2021).
Histopathological findings of liver and kidney tissues in Wistar rats showed mild necrotic changes in the hepatocytes, mild degenerative change with mild cytoplasmic vacuolation and a fatty change of hepatocytes in PHZ-treated rats.
In support of our findings, mild degenerative and fatty changes have also been reported in the liver and tissues of rats exposed to PHZ. 

CONCLUSION 
The study evaluated the anemic potential of Talinum triangulare aqueous extract on PCV of female Wistar rats induced with phenyl hydrazine. The results of the study may have implications for the potential use of Talinum triangulare as a treatment of anemia, while showing varied degrees of efficacy after treatment. 
 RECOMMENDATION
· It will be of great interest to see what happens when Talinium  triangulare is combined with another plant extract in order to alleviate anemia.
· It is important to note that further research is needed to determine the safety and effectiveness of using this plant extract for medicinal purposes in humans. 
· However the study supports the therapeutic use of Talinum triangulare plant for the treatment of anemia and further studies are necessary for the screening of its hepatoprotective properties alongside mechanism of action. 
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