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Haematinic, Antioxidant and anti-inflammatory activity of Peeled tuber and Unpeeled tuber of Ipoemea batatas Lam  (Sweat potatoe) Supplemented diet in streptozotocin – induced diabetic Albino rats
Abstract

Aims: The study investigated the effect of  Ipomoea batatas (sweet potato) supplemented diet on haematological, antioxidant and anti-inflammatory biomarkers in streptozotocin – induced diabetic albino rats.. Study Design: A total of seventy two (72) albino rats assumed healthy were randomly assigned to nine (9) groups of eight (8) rats each. Diabetics was induced in groups 2 to 9 through intraperitoneal injection of strptozotocin (60mg/kg). After 48 hours of establishing onset of diabetes, the animals were fed diets supplemented with different percentages (10%, 20% and 30%) of sweet potato tuber flour (peeled and unpeeled) for 21 days. The control groups include group 1 (normal control); group 2 (diabetic untreated) and group 3 (diabetic treated with standard drug, metformin and glibenclamide at 50 mg/L and 0.5mg/mL). Groups 4- 6 and 7-9 were fed the supplemented diets peeled tuber and unpeeled tuber respectively. Duration of the study: The study was done in the Department of Biochemistry, Faculty of Biological Sciences, Abia State University, Uturu-Nigeria between February and July 2025. Methodology: Diabetes was induced and the animals fed sweet potato supplemented diet for 21 days, then sacrificed, blood samples collected  through cardiac puncture for analysis of haematological, antioxidant and anti-inflammatory biomarkers. Results: Results shows that the rats fed the supplemented diets had significant increase (p≥0.05) in their hematologica parameters. Antioxidant enzymes and anti- inflammatory biomarkers were all significantly increased. The animals fed the unpeeled sweet potato tuber diet showed significant improvement in the parameters assayed. Conclusion: These findings suggest the use of sweet potato processed without peeling as dietary intervention for diabetes management and its associated complications.
Key word: Diabetes, Blood, Hematology,  Antioxidant, Anti-inflammatory

Introduction

Diabetes is rapidly emerging as one of the most pressing global health crises, with its prevalence soaring to unprecedented levels. It is a chronic metabolic disorder characterized by elevated levels of blood glucose, resulting from either insufficient insulin production by the pancreas or the body's inability to effectively utilize insulin. This condition is classified primarily into two types: Type 1 diabetes, which is often diagnosed in childhood and results from autoimmune destruction of insulin-producing beta cells, and Type 2 diabetes, which typically develops in adulthood and is associated with insulin resistance and relative insulin deficiency (World Health Organization, 2023). The global health burden of diabetes is substantial and continues to escalate. According to the International Diabetes Federation (IDF), approximately 537 million adults were living with diabetes in 2021, representing about 10.5% of the global population aged 20 to 79 years (Hossain et al., 2024). This number is projected to rise significantly, with estimates suggesting that 643 million individuals will be affected by 2030 and 783 million by 2045 if effective preventive measures are not implemented (Hossain et al., 2024; World Health Organization, 2024). The increasing prevalence of diabetes has profound implications for public health, as it is one of the leading causes of morbidity and mortality worldwide. Consequently, addressing the diabetes epidemic and its complications has become a priority for health organizations worldwide, necessitating comprehensive strategies for prevention, management, and treatment to mitigate its impact on individuals and societies alike.

This financial burden can deter patients from adhering to their treatment regimens, ultimately worsening their health outcomes. Another significant limitation of conventional diabetes treatments is the risk of hypoglycemia, particularly with insulin and sulfonylurea medications. Hypoglycemia can lead to severe complications, including loss of consciousness and seizures, which pose substantial risks for patients, especially the elderly or those with impaired awareness of hypoglycemia (Kokil et al., 2015).. This has led to increased interest in functional foods and plant-based therapies that offer both nutritional and medicinal benefits (Islam, 2024).

Among such potential dietary interventions is Ipomoea batata (sweet potato). Ipomoea batata has garnered attention as a nutrient-rich food with significant nutritional and medicinal value (Mohanraj and Sivasankar, 2014). Sweet potatoes are rich in essential nutrients, making them a valuable addition to the diet (Suparno et al., 2016; Krochmal-Marczak et al., 2014). They contain substantial amounts of carbohydrates, vitamins, and minerals (Saha et al., 2022). Specifically, sweet potatoes are known to be a good source of vitamin A, vitamin C, manganese, and dietary fiber (Saha et al., 2022; Krochmal-Marczak et al., 2014). Different varieties of sweet potatoes exhibit variations in nutrient levels; for instance, a study on sweet potato tubers consumed by infants and children of the Dani tribe in Kurulu District, Baliem-Jayawijaya, showed that different accessions had diverse nutrient levels (Suparno et al., 2016). Sweet potatoes contain various bioactive compounds, including flavonoids and polyphenols, which contribute to their potential antidiabetic effects (Mohanraj and Sivasankar, 2014). These compounds possess antioxidant, anti-inflammatory, and anti-cancer activities (Mohanraj and Sivasankar, 2014). Additionally, sweet potatoes contain magnesium, which promotes relaxation and calmness (Saha et al., 2022). Previous studies have highlighted several health benefits of sweet potatoes, including their potential as an antidiabetic agent (Oke et al., 1999.; Mohanraj and Sivasankar, 2014). Sweet potatoes can help steady blood sugar levels, unlike other starchy foods that elevate blood sugar rapidly after consumption (Saha et al., 2022). Research also indicates that sweet potatoes possess anti-cancer and anti-inflammatory properties (Mohanraj and Sivasankar, 2014). 

Sweet potato flour can be produced through various processing methods, each resulting in different characteristics and nutritional profiles. These methods significantly impact nutrient retention and the presence of bioactive compounds (Fetuga et al., 2014; Maninder and Kawaljit, 2016). Variations in sweet potato flours arise primarily from differences in processing techniques such as using raw sweet potatoes, roasting, or fermentation (Maninder and Kawaljit, 2016). The basic production process involves selecting raw materials, cleaning, trimming, washing, slicing, drying, and milling (Maninder and Kawaljit, 2016). Therefore, the variations in processing methods has lead to sweet potato flours with distinct functional and nutritional properties, which can be optimized based on the desired application (Fetuga et al., 2014; Maninder and Kawaljit, 2016).

This study therefore investigated the comparative effect of graded percentages of peeled tuber and unpeeled tuber flour of sweet potato supplemented diet on haematological, antioxidant and anti-inflammatory parameters in streptozotocin- induced diabetic albino rats
Materials and Methods
Chemicals and reagents

Chemicals used in this work were of analytical grade and products of Sigma Chemical Company, Mayer and Baker Ltd, Fluker and BDH. Some of the chemicals used were manufactured by Randox and TECO Diagnostics, USA. Reagents include: Wagners solution, ferric chloride, sodium hydroxide (NaOH), ethanolic acetic acid, ammonium hydroxide, potassium ferrocyanide (K2Fe (CN) 6), hydrogen tetraoxosulphate (vi) acid (H2SO4), methanol, ethanol, diethylether, butanol, sodium chloride (NaCl) and tannic acid.

Collection, authentication and preparation of plant material
The Ipomoea batata (Sweet Potato) plant was bought from Afia Ebi Market, in Ututu,  Arochukwu Local government area of Abia State, Nigeria. The plant was authenticated at the Department of Plant Science and Biotechnology of Abia State University, Uturu. The sweet potato tuber was washed, the peeled and unpeeled samples were cut into smaller pieces and sun dried. The dried samples (Peel tuber and unpeeled  Tuber) were milled into coarse flours and stored at room temperature  in polyethylene bags until used.
Experimental animals

A total of sixty (72) apparently assumed healthy male Albino rats (9-10weeks old) weighing between (160 - 180 g) was procured from the animal house, Faculty of Biological Science, Abia State, University Uturu, Nigeria. The rats were kept in the Research Laboratory of  the Department of Biochemistry, Abia State University, Uturu. The animals were allowed to acclimatize for 7 days under standard laboratory conditions prior to the commencement of this investigation with free access to commercial feed (growers feed from vita feed Nig. Ltd.) and clean drinking water ad libitum. . Ethical principles of World Health Organization of good laboratory practice regulations of 1998 and United States guidelines for experimental animals (Care Animal Use Committee, 1998) were strictly adhered to throughout the study.
Ethical principles of World Health Organization of good laboratory practice regulations of 1998 and United States guidelines for experimental animals (Care Animal Use Committee, 1998) were strictly adhered to throughout the study. 

Experimental Design:

A randomized experimental design was employed using Streptozotocin (STZ)-induced diabetic rats to evaluate the biochemical effects of different sweet potato flour formulations. The animals were divided into nine groups of eight (8) animals per group, with each group receiving specific treatments as outlined below:

Group 1 - Normal control

Group II - Diabetic group (Not treated)

Group III - Diabetic Group (Treated with standard drug Glucophage)

Group IV - Treated with whole potato tuber 10% supplemented diet

Group V - Treated with whole potato tuber 20% supplemented diet

Group VI - Treated with whole potato tuber 30% supplemented diet

Group VII - Treated with potato tuber and peel 10% supplemented diet

Group VIII - Treated with potato tuber and peel 20% supplemented diet

Group IX - Treated with potato tuber and peel 30% supplemented diet

The albino rats were allowed feed and the supplemented diets for 21 days ad libitum
Formulaion of sweet potato flours feed

1.   10%   =   90gm of normal rat feed mixed thoroughly with 10gm of Ipomoea batatas 
2.   20%   =   80gm of normal rat feed mixed thoroughly with 20gm of Ipomoea batatas 
3.  30%    =   70gm of normal rat feed mixed thoroughly with 30gm of Ipomoea batatas 

Induction of diabetes
Animals from group 2 - 9 were fasted overnight prior to the induction of diabetes. They were administered Intra-peritoneal (I.P.) (120mg/kg body weight) Streptozotocin (STZ) α-anomer (Sigma-Aldrich, USA). After 96 hours of streptozocin administration, blood was collected from the tails of the animals using Tail Flick Method to test for blood glucose concentration to establish elevated blood glucose level using the fine test glucometer (ACCUCHEK ACTIVE). Rats that had fasting blood glucose level of 150mg/dL and above were considered diabetic rats.

Preparation of drugs

Glucophage (Metformin) 500mg and Glanil (Glibenclamide) 5mg solutions were prepared by crushing the tablets  in a glass mortar seperately and was dissolved in 10ml of distilled water to give 50mg/ml and 0.5mg/ml stock solutions. Glucophage and glanil were orally administered to the animals
Route of administration 

In the test groups, (group 2) the rats were administered the standard drugs (Glucophage and Glanil) through oral route using a gavage tube, the rest of the groups were fed with different flours of Ipomoea batatas (sweet potato). All the animals were allowed free access to food and water. After 21 days of the research, 3 animals each from the groups were collected and sacrificed for analysis of biochemical parameters.
Ethical clearance
Ethical Committee of Animal Care Use of the Faculty of Biological Sciences in conjunction with directorate of research and publication of Abia State University, Uturu Nigeria gave clearance for the use of these animals.

.Blood   Glucose Determination (Taofik and Anthony, 2014)
Blood glucose level was determined using the glucose enzymatic test kit (Accu-Chek Active) the test was done on day 1, 5, 10, 15 and 20 through the Tail Flick Method of blood collection. 0.2mLs of blood was collected from the tail after mild anesthesia using ether. Animals were fasted for 16-18 hours prior to blood collection.

Collection of blood samples 

On the 21th day, the animals were starved overnight, anaesthetized with chloroform and sacrificed. Blood from each animal was collected through cardiac puncture. The blood samples were divided into two: 

a. The first sample was put into an ethylene diamine tetra-acetic acid (EDTA) bottle for haematological analysis.

b. The second part was put into a plain sample bottle and was allowed to stand for 2 minutes to clot and was further spun in a centrifuge to get the serum, it was used for the measurement and evaluation of other biochemical assays. 

Determination of hematological parameters

Heamatological indices were determined by standard methods as described by Ochei and Kolhatkar (2008). The indices examined were Packed cell volume (PCV), Red blood cell (RBC), White blood cell (WBC), Mean corpuscular volume (MCV), Mean corpuscular hemoglobin concentration (MCHC), Platelet (PLT), Hemoglobin (Hb), and Meam corpuscular hemoglobin (MCH). The standard procedures used are described below.
Determination of erythrocyte count by haematocytometry
Principle: The erythrocyte count was determined using the method described by Ochei and Kolhalkar (20`
08). The blood specimen was diluted 1:200 with RBC diluting fluid (Hayem’s solution), and the cells were counted under high power (40x magnification) in a known volume using a counting chamber. The calculated numbers of cells were reported as the number of red cells per cubic millimeter of blood.

Procedure: An aliquot (0.02 ml) of blood was added to 3.98 ml of sodium citrate and mixed thoroughly. After 5 minutes, the first few drops were discarded, and the counting chamber was charged with the fluid. The sample was allowed to settle for 3 minutes before visualization under low power (10x). The center large square with 25 small squares was adjusted to light and then switched to high power (40x). The red cells in the four corner squares and one central square was counted.

Calculations:

Total RBC = [image: image2.png]Cells counted x dilution factor
Area counted x depth fofluid



 
Where:

(1) Dilution = 1:200

(2) Area counted = 1/5mm2
(3) Dept of fluid 1/10mm

(4) No. of red cells counted N x 200

Total RBC = [image: image4.png]Xk S A




Determination of total leucocyte count by haemocytometry principle
Principle: The total leucocyte count was determined following the method described by Ochei and Kolhatkar (2008). Glacial acetic acid lyses the red blood cells while gentian violet slightly stains the nuclei of leucocytes. The blood specimen was diluted 1:20 in a WBC pipette with the diluting fluid, and the cells were counted under a low-power microscope using a counting chamber. The results were reported as the number of white cells per cubic millimeter of whole blood.

Procedure: An aliquot (0.02 ml) of blood was added to 0.38 ml of diluting fluid (1% acetic acid tinged with gentian violet) and mixed. The counting chamber was charged with the well-mixed diluted blood (after discarding the first five drops) using a WBC pipette. The sample was allowed to settle in a moist chamber for 3 minutes. The four corner squares of the chamber were visualized under a low-power (10x) objective, and the cells were counted.

Calculation: 

Total WBC/mm  =  [image: image6.png]No.of cells counted x dilution factor
“Area counted xdepth offluid.



 

Where: 

(1) Dilution = 1:200

(2) Area counted = 1/5 sq.mm 

(3) Depth of fluid = 1/10 mm 

(4)  No. of red cells counted = N x 200

Total WBC = N x 200 x 50 = [image: image8.png]Nx hoe




Packed cell volume (PCV) estimation 

Principle: PCV estimation will be carried out using the method described by Ochei and Kolhatkar (2008). Blood components, which possess different densities, was separated into layers when centrifuging, and the proportion of erythrocytes was read in percentage using a microhaematocrit reader.
Procedure: A blood sample was collected using a heparinized capillary tube, cleaned, and sealed with plasticine. The filled tubes were placed in a microhaematocrit centrifuge and spun at 12,000 rpm for 5 minutes. The spun tubes were then placed in a specially designed scale, and the PCV were read as a percentage.

Calculation:

PCV (%) = [image: image10.png]Packed RBC columnheigat
Total blood volume height
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Determination of Haemoglobin (Hb) concentration

This was done using cyanomethgemoglobin method described by Ochei and Kolhatkar (2008). 

Principle
The haemoglobin concentration was determined using the cyanomethaemoglobin method described by Ochei and Kolhatkar (2008). The haemoglobin were mixed with Drabkin’s solution, which contains potassium ferricyanide, potassium cyanide, and potassium dihydrogen phosphate. The ferricyanide will convert haemoglobin to methaemoglobin, which is further converted to cyanohaemoglobin by cyanide. The cyanohaemoglobin will produce a color that will be measured colorimetrically.

Procedure
Whole blood (0.02 ml) was added to 5 ml of Drabkin’s solution in a test tube (1:250 dilution). The mixture was thoroughly mixed and allowed to stand for 10 minutes. The absorbance was then read colorimetrically at 540 nm using Drabkin’s solution as the blank.

Calculation
The haemoglobin concentration (g/dL) was determined from a haemoglobin standard curve.

Determination of enzymatic antioxidants

Estimation of Superoxide Dismutase (SOD)

Superoxide dismutase activity was assayed by the method of Arthur and Boyne (1985) as contained in the Randox kit.

Principle: The method employs xanthine and xanthine oxidase to generate superoxide radicals, which react with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium chloride (I.N.T) to form a red formazan dye. The superoxide dismutase activity was measured by the degree of inhibition of this reaction. One unit of SOD caused a 50% inhibition rate in the reduction of (I.N.T) under the conditions of the assay.

Procedure: To 0.05 ml diluted sample in a test tube, 1.7 ml mixed substrate solution was added and mixed. Xanthine oxidase (0.25 ml) were added, and the initial absorbance was taken after 30 seconds. The final absorbance was taken after 3 minutes, and units of SOD per gram of hemoglobin were extrapolated from a standard curve.

Estimation of Catalase

The activity of catalase was assayed by the method of Sinha (1972).

Principle: Dichromate in acetic acid will be reduced to chromic acetates when heated in the presence of hydrogen peroxide, with the formation of per-chronic acid as an unstable intermediate. The chromic acetate formed will be measured at 570 nm. Catalase was allowed to split H₂O₂ for different periods of time. The reaction was stopped at different time intervals by the addition of dichromate-acetic acid mixture in a 1:3 ratios, and the remaining H₂O₂ was determined by measuring chromic acetate calorimetrically.

Procedure: To 0.9 ml of distilled water and 0.1 ml of plasma in a test tube, 2 ml of H₂O₂ and 2 ml of phosphate buffer was added. The reaction was initiated by adding 2 ml of dichromate-acetic acid reagent to 1 ml portion of this mixture. Absorbance of the reaction was taken at 30-second intervals for 2 minutes. The activity of catalase was expressed as U/ml of plasma (U-micromoles of H₂O₂ utilized per second).
Estimation of Glutathione Peroxidase

This was done according to the method of Paglia and Valentine (1967).

Principle: Glutathione peroxidase (GPx) will catalyze the oxidation of reduced glutathione (GSH) by cumene hydroperoxide. In the presence of glutathione reductase (GR) and NADPH, the oxidized glutathione (GSSG) was immediately converted to the reduced form with a concomitant oxidation of NADPH to NADP+. The decrease in absorbance at 340 nm was measured.

2GSH + ROOH 

GSSG + ROH + H2O

GSSG + NADPH + H+  
 
  NADP+ + 2GSH

Procedure: A known volume, 0.05ml of heparinised whole blood was diluted with 2ml of diluting reagent and was used for the assay. A volume, 50ml of dilute sample were mixed with 1ml of phosphate buffer + EDTA, glutathione + glutathione reductase + NADPH, and cumene hydroperoxide, respectively. The initial absorbance of both blank and test was read after one minute, and the timer was started simultaneously. The absorbances was read again at 1 and 2-minute intervals at 340nm. The glutathione peroxidase activity was calculated as follows:

U/L of haemolysate = 8H12 x DA 340nm / minute.

Non-enzymatic antioxidants 

Estimation of reduced glutathione 

The reduced glutathione concentration was determined by the method of Exner et al (2003). 

Principle: This method is based on the development of yellow colour when 5,5-dithio-bis-2-nitrobenzoic acid (DTNB) is added to the compound containing sulfhydryl groups. The colour developed was read at 412 nm using a spectrophotometer. The requirements are as follows: 

1
0.3M disodium salt of EDTA

2.
0.1% disodium salt of EDTA

3.
Precipitating agent: 1.67g of metaphosphoric acid, 0.2g of EDTA disodium salt, 30g of sodium   

         chloride in 1 litre of distilled water.   

4.
5, 5-dithio-bis-2-nitrobenzoic (DTNB) regent: 40mg of DTNB in 100ml of 1% sodium citrate. 

5  Standard solution: 10mg of reduced glutathione in 100ml distilled water. 

Procedure: A volume (0.2ml) of sample was mixed with 1.8ml of EDTA solution. To this, 3.0ml of precipitating reagent was added, mixed thoroughly, and kept for 5 minutes before centrifugation. To 2ml of the supernatant, 4ml of 0.3M disodium hydrogen phosphate solution and 1ml of DTNB reagent was added, and the colour developed was read at 412nm in a spectrophotometer. A set of standard solutions containing 20-100mg of reduced glutathione was treated similarly. The values were expressed as mg/dl for plasma. 

Determination of inflammatory markers

Interleukin-I Beta (IL-Iβ) Activity
An ELISA-based method was employed for this assay. The kit was purchased from ELabscience, and the instructions provided with the kit were strictly followed.

Principle: The micro ELISA plate provided was pre-coated with an antibody specific to IL-Iβ. Standards or samples were added to the appropriate micro ELISA plate and combined with the specific antibody. A biotinylated detection antibody specific for rat IL-Iβ and an avidin horseradish peroxidase conjugate was added to each microplate and incubated. After incubation, free components were washed away. Substrate reagents was added to each well. Only wells containing rat IL-Iβ, biotinylated antibody, and avidin horseradish peroxidase conjugate appeared blue in color. The enzyme-substrate reaction was terminated by adding a stop solution, causing the color to turn yellow. The optical density (OD) was measured immediately using a spectrophotometer at 450nm. The OD value were proportional to the concentration of rat IL-Iβ.

Reagent Preparation: Tissue homogenates of rat stomach was used. The homogenized tissues were washed with 0.01M phosphate buffer solution before homogenization. The tissue homogenate was mixed with an equal volume of buffer in the ratio of 1:9 (tissue weight: volume of buffer). The homogenate was centrifuged for 5 minutes at 500 rpm to obtain supernatant samples, and all reagents were brought to room temperature before analysis.

i.    Wash Buffer: 300mL of stock wash buffer solution was measured and made up to 750mL of working     

      buffer solution using deionized water.

ii.   Standard Working Solution: The stock standard solution was centrifuged at 10,000 rpm for 
      1 minute. 1mL of stock solution and 1mL of sample diluent was added to a test tube and   

     mixed by  turning upside down, incubated for 10 minutes. This gave a standard working  

     solution of 500 pg/mL.  

    Serial solutions were made in the following gradient: 500, 250, 125, 62.5, 31.25, 15.63, 7.81, 0 
     pg/mL.

iii.  Biotinylated Detection Antibody Working Solution: The 100x concentrated biotinylated    

      detection antibody was diluted to a 1x working solution using biotinylated detection antibody    

      diluents.

iv. Concentrated Horseradish Peroxidase (HRP) Conjugate Working Solution: The 100x   

      concentrated HRP conjugate was diluted to a 1x working solution using HRP conjugate 
     diluents.

Procedure:

1. 100µL of sample was added to each well and incubated for 90 minutes at 37°C.

2. The liquid was removed, and 100µL of biotinylated detection antibody was added and incubated for 1 hour at 37°C.

3. The solution was aspirated and the wells washed 3 times.

4. 100µL of HRP conjugate was added and incubated for 30 minutes at 37°C.

5. The solution was aspirated, and the wells washed 5 times.

6. 90µL of substrate reagent was added and incubated for 15 minutes at 37°C.

7. 50µL of stop solution was then added, and the optical density was immediately taken using a microplate reader at 450nm. A graph of OD was plotted against concentration for known standards, and the concentration of the sample was extrapolated from the graph. Duplicate readings were averaged.

Results

Table  1: Effect of different flours of Ipomoea batatas on haematological parameters in the  diabetic  rats
	Groups
	Treatment
	RBC (x106/mm3)
	PCV (%)
	Hb (g/dl)
	WBC (x103/mm3)
	PLT (x103/mm3)
	MCV (fl)
	MCH (pg)
	MCHC (g/dl)

	1
	Normal Control
	7.06±0.08cd
	44.60±0.24c
	16.42±0.17d
	8.70±0.07d
	342.40±5.50a
	63.21±0.35ab
	23.27±0.14c
	36.81±0.25d

	2
	Negative Control

(Not treated)
	5.60±0.13a
	39.20±0.37a

	13.90±0.12a
	8.04±0.07a
	363.40±4.20b
	70.05±1.08e
	24.84±0.40d
	35.46±0.14abc

	3
	Positive Control

(Standard Drug)
	7.36±0.14d
	45.40±0.93c
	16.54±0.28d
	9.00±0.09e
	343.60±2.38a
	61.69±0.15a
	22.48±0.10ab
	36.44±0.23abc

	4
	10% Tuber
	7.18±0.02d
	46.00±0.45c
	16.32±0.11d
	8.37±0.12bc
	353.20±2.82ab
	64.08±0.51bc
	22.74±0.12ab
	35.49±0.38abc

	5
	20% Tuber
	6.41±0.21b
	42.20±0.73b
	14.56±0.15b
	8.32±0.07b
	348.80±2.37a
	65.93±1.04cd
	22.78±0.69ab
	34.54±0.61a

	6
	30% Tuber
	6.80±0.12c
	44.60±0.87c
	15.44±0.25c
	8.42±0.10bc
	341.20±8.27a
	65.55±0.56d
	22.70±0.20ab
	34.64±0.46ab

	7
	10% Tuber and Peel
	7.94±0.08e
	49.40±0.75d
	17.64±0.12e
	8.61±0.08cd
	347.00±3.26a
	62.19±0.37a
	22.21±0.07a
	35.73±0.31bcc

	8
	20% Tuber and Peel
	7.79±0.07e
	48.00±0.55d
	17.16±0.10e
	8.60±0.07cd
	347.00±4.30a
	61.65±0.21a
	22.04±0.09a
	35.76±0.24bcd

	9
	30% Tuber and Peel
	7.33±0.07d
	45.80±0.37c
	17.40±0.24e
	8.52±0.07bcd
	343.20±2.85a
	62.51±0.22ab
	23.74±0.17bc
	37.99±0.36e


Values are expressed as mean ±SD (n=3). Means with different superscript letters (a, b, c, d) within the same column are significantly different from each other (p < 0.05). PCV, Packed Cell Volume; HB, Haemoglobin; RBC, Red Blood Cells; MCV, Mean Corpuscular Volume; MCH, Mean 3.5:


Table 1 shows the Effect of treatment of different flours of Ipomoea batatas on Haemato-biochemical parameters in diabetic rats. In the table 1, The negative control group exhibited a significant increase (P < 0.05) in MCV, MCH and platelet count and a significant reduction (P < 0.05) in the serum levels for RBC, PCV, and Hb concentrations when compare to the normal control group. These alterations suggest anemia. Administration of the standard antidiabetic drug (Glucophage and Glanil) in the positive control group restored these indices significantly. Dietary intervention of sweet potato tuber at various concentrations (10–30 %) significantly improved haematological indices compared to the negative control group, though the most substantial improvement was observed in the group fed with 30 % tuber group, with RBC, PCV and Hb. The groups that were fed with the combination of ipomoea batatas tuber and peel had a significant increase in RBC, PVC and HB when compare to the negative control. The WBC count was found to be slightly lower in the negative control group compared to the normal control
Table 2: Effect of different flours of Ipomoea batatas on antioxidant enzymes activities in diabetic rats

	Groups
	Treatment
	GSH (mg/dl)
	GPx (u/l)
	SOD (u/l)
	CAT (u/l)
	MDA (mmol/L)

	1
	Normal Control
	14.14±0.18cd
	46.00±0.84b
	33.40±0.60bc
	20.60±1.08a
	0.35±0.02ab

	2
	Negative Control

(Not treated)
	12.04±0.20a
	40.60±0.68a
	28.60±0.60a
	20.80±0.49a
	0.49±0.01c

	3
	Positive Control

(Standard Drug)
	15.24±0.28e
	45.20±1.28b
	35.40±0.40c
	24.40±0.75c
	0.34±0.01ab

	4
	10% Tuber
	12.44±0.19a
	40.20±0.66a
	29.80±0.58a
	22.60±0.40abc
	0.37±0.01ab

	5
	20% Tuber
	13.18±0.21b
	44.00±0.55b
	33.60±0.60bc
	22.20±0.92ab
	0.35±0.01ab

	6
	30% Tuber
	13.94±0.22c
	44.40±0.68b
	32.60±0.60b
	22.20±0.37ab
	0.34±0.01ab

	7
	10% Tuber and Peel
	13.82±0.24c
	45.60±0.60b
	32.80±0.97b
	22.40±0.68abc
	0.33±0.01ab

	8
	20% Tuber and Peel
	14.84±0.14de
	45.00±0.84b
	33.40±0.81bc
	21.60±0.68a
	0.34±0.01ab

	9
	30% Tuber and Peel
	14.44±0.13cd
	46.00±0.32b
	34.00±0.89bc
	24.20±0.37bc
	0.31±0.01a


Values are expressed as mean ± standard deviation (n=3). Means with different superscript letters (a, b, c, d) within the same column are significantly different from each other (p < 0.05). GSH, Glutathione; GPx, Glutathione Peroxidase; SOD, Superoxide; CAT, Catalase; MDA, Malondialdehyde.

Table 2 shows the Effect of treatment of different flours of Ipomoea batata on serum antioxidant enzymes activities of CAT, SOD, GSH, GPx and lipid peroxidation MDA in diabetic rats. In the table 2, the negative control group (untreated diabetic rats) showed a significant (P<0.05) reduction in GSH, GPx and SOD levels compared to the normal control. Treatment with sweet potato supplemented diets significantly (P<0.05) increased GSH, GPx and SOD in a dose-dependent manner, with the 30% tuber and peel group reaching a comparable level to the normal and positive control groups. CAT activity was relatively stable across groups, with a slight increase observed in treated groups. The 30% tuber and peel group showed significantly (P<0.05) elevated CAT activity compared to negative controls. The negative control group (untreated diabetic rats) showed a significant (P<0.05) reduced antioxidant activities and increased oxidative stress (MDA). The standard drug treatment (Positive Control) improved antioxidant activity and reduced oxidative stress. Some tuber and tuber-peel groups most especially 20% Tuber and 20% tuber and peel showed improved antioxidant activity and reduced oxidative stress, comparable to the positive control.
Table 3: Effect of different flours of Ipomoea batatas on inflammatory cytokines in diabetic rats

	Groups
	Treatment
	IL-6 (pg/ml)
	IL-Iβ (pg/ml)
	TNF-α (pg/ml)

	1
	Normal Control
	3.20±0.25a
	0.27±0.02a
	3.31±0.27a

	2
	Negative Control (Not treated)
	19.39±0.74f
	6.07±0.20f
	14.51±0.38f

	3
	Positive Control (Standard Drug)
	6.85±0.55c
	0.52±0.03b
	6.22±0.22c

	4
	10% Tuber
	10.21±0.27e
	1.35±0.10e
	9.68±0.17e

	5
	20% Tuber
	8.14±0.32d
	0.99±0.04c
	9.19±0.21e

	6
	30% Tuber
	8.16±0.29d
	0.79±0.02cd
	8.34±0.16d

	7
	10% Tuber and Peel
	6.64±0.11c
	0.66±0.02bc
	6.37±0.20c

	8
	20% Tuber and Peel
	6.23±0.24c
	0.67±0.02bc
	5.86±0.34c

	9
	30% Tuber and Peel
	5.13±0.12b
	0.49±0.03ab
	4.71±0.31b


Values are expressed as mean ± standard deviation (n=3). Means with different superscript letters (a, b, c, d) within the same column are significantly different from each other (p < 0.05). IL-6, Interleukin-6; IL-1β, Interleukin 1 beta; TNF-a, Tumor Necrosis Factor-alpha.

Table 3.shows the Effect of treatment of different flours of Ipomoea batata on serum inflammatory cytokines levels of IL-6 (pg/ml) IL-Iβ (pg/ml) TNF-α (pg/ml) in diabetic rats.

In table 3, the negative control group (untreated diabetic rats) showed a significant (P<0.05) elevation of IL-6, IL-Iβ and TNF-α compare to the normal control, while Treatment with the standard drug (Group 3) resulted in a substantial decrease in all three cytokines compared to the negative control group. Sweet potato tuber supplementation significantly (P<0.05) reduced cytokine levels of (IL-6, IL-1β, TNF-α) in a dose-dependent manner. The 30% tuber group showed more significant (P<0.05) reductions. However, combining tuber with peel was more effective, with the 30% tuber-peel group showing the most remarkable suppression, comparable to the standard drug group.

Discussion
Haematological parameters are essential indicators of the physiological and pathological state of an organism, reflecting the integrity of the circulatory system and the body’s overall health. In this study, diabetes mellitus was associated with significant alterations in haematological indices in the negative control group compared to the normal control group, consistent with previous findings that diabetes induces haematological abnormalities due to oxidative stress, inflammation, and metabolic disturbances (Szablewski and Sulima, 2017; Abdel-Moneim et al., 2019).

The negative control group exhibited a marked reduction in RBC count (5.60 × 10⁶/mm³), PCV (39.20 %), and Hb concentration (13.90 g/dl) compared to the normal control group (7.06 × 10⁶/mm³, 44.60 %, and 16.42 g/dl, respectively). These findings agrees with  the well-documented anaemia commonly observed in diabetic conditions, attributed to increased oxidative damage to erythrocyte membranes and impaired erythropoiesis (Banerjee et al., 2020). The oxidative stress and chronic inflammation in diabetes can suppress erythropoietin synthesis and disrupt iron metabolism, leading to reduced erythrocyte production (Bissinger et al., 2019).

Administration of the standard antidiabetic drug in the positive control group restored these indices significantly, with RBC count (7.36 × 10⁶/mm³), PCV (45.40 %), and Hb concentration (16.54 g/dl) comparable to normal controls. This aligned with earlier studies indicating that pharmacological control of hyperglycaemia improves anaemia by reducing oxidative stress and enhancing erythropoietic activity (Hamid et al., 2022). Notably, dietary intervention with sweet potato tuber at various concentrations (10–30 %) improved haematological indices compared to the negative control group, though the most substantial improvement was observed in the 30 % tuber group, with RBC (6.80 × 10⁶/mm³), PCV (44.60 %), and Hb (15.44 g/dl). This effect was likely due to the antioxidant and anti-inflammatory properties of sweet potato phytochemicals such as anthocyanins and polyphenols which protect erythrocyte membranes and support erythropoiesis (Sun et al., 2018; Kaźmierczak et al., 2023). 

The combination of sweet potato tuber and peel had a more pronounced effect. The 30 % tuber and peel group (Group 9) demonstrated haematological values (RBC 7.33 × 10⁶/mm³, PCV 45.80 %, Hb 17.40 g/dl) nearly equivalent to those in the standard drug group. These results are consistent with reports that the sweet potato unpeel contains higher concentrations of bioactive compounds compared to the tuber alone, enhancing hematopoietic activity (Amagloh et al., 2021).

White blood cells (WBCs), or leukocytes, are a vital component of the immune system, playing a crucial role in defending the body against infections, foreign invaders, and harmful pathogens (Armstrong and Mason, 2024). They are involved in immune surveillance, inflammation, and the clearance of infected or damaged cells. Normal WBC counts reflect a balanced immune status, while deviations, either elevated or decreased can indicate underlying physiological or pathological processes (Chmielewski et al., 2018).

In this study, the WBC count was found to be slightly lower in the negative control group (8.04 × 10³/mm³) compared to the normal control (8.70 × 10³/mm³). This reduction may reflect an impaired immune response commonly associated with diabetes mellitus, where chronic hyperglycaemia can compromise leukocyte function, reduce phagocytic activity, and heighten susceptibility to infections (Chávez-Reyes et al., 2021). Interestingly, treatment with the standard antidiabetic drug and sweet potato-based diets led to significant improvements in WBC counts. The highest WBC count was observed in the 30 % tuber and peel group (8.52 × 10³/mm³), closely followed by the positive control group (9.00 × 10³/mm³). These findings suggest a notable restoration of immune function in diabetic rats treated with these interventions. The enhanced WBC count in treated groups could be attributed to the immunomodulatory properties of bioactive compounds present in sweet potatoes, including phenolics, flavonoids, and anthocyanins. These compounds have been shown to promote leukocyte proliferation, protect immune cells from oxidative damage, and modulate inflammatory responses (Nguyen et al., 2021).

Platelets, or thrombocytes, are small anucleate cell fragments derived from megakaryocytes, playing a central role in haemostasis and thrombosis (Italiano, 2017). They participate in blood clot formation to prevent excessive bleeding but can also contribute to pathological thrombosis when dysregulated. Normal platelet counts and activity are crucial for maintaining a balance between coagulation and bleeding. Interestingly, in this study, the negative control group (diabetic rats without treatment) exhibited a higher platelet count (363.40 × 10³/mm³) than the normal control (342.40 × 10³/mm³). This finding aligned with well-documented evidence that diabetes is associated with platelet hyperactivity and elevated platelet counts, both of which contribute to an increased risk of thrombotic complications such as cardiovascular disease and stroke (Gaiz et al., 2017; Kaur et al., 2018). Chronic hyperglycaemia can induce platelet activation through oxidative stress and inflammatory pathways, leading to increased platelet production and aggregation (Ferroni et al., 2004; Santilli et al., 2015).

Notably, treatment with sweet potato-based diets (particularly tuber and peel combinations) appeared to normalize platelet counts. For instance, the 30 % tuber and peel group achieved a platelet count of 343.20 × 10³/mm³, closely approximating the normal control levels (342.40 × 10³/mm³). This suggests \a potential antithrombotic effect of sweet potato bioactives, which might include polyphenols and flavonoids with known antiplatelet and antithrombotic properties (Martínez and Campos, 2023; Rodriguez et al., 2024). These compounds can inhibit platelet aggregation, reduce oxidative stress, and modulate inflammatory pathways involved in platelet hyperactivity.

The red cell indices such as Mean Corpuscular Volume (MCV), Mean Corpuscular Haemoglobin (MCH), and Mean Corpuscular Haemoglobin Concentration (MCHC) provide essential information about the size, haemoglobin content, and concentration within red blood cells (RBCs), offering insights into the underlying causes of anaemia or other haematological disturbances (Salvagno et al., 2015). In the present study, the negative control group exhibited elevated MCV (70.05 fl) and MCH (24.84 pg), indicative of macrocytic changes. Macrocytosis in diabetes has been attributed to impaired erythropoiesis and associated nutritional deficiencies, particularly of vitamin B12 and folate, as well as to altered erythrocyte membrane composition due to chronic hyperglycaemia and oxidative stress (Williams et al., 2023). The observed lower MCHC (35.46 g/dl) compared to the normal control (36.81 g/dl) suggested a dilutional effect or impaired haemoglobin concentration within erythrocytes, which is another feature commonly reported in diabetic anaemia (English et al., 2015). Interestingly, treatment with sweet potato tuber and peel supplementation appeared to reverse these abnormalities. The 30 % tuber and peel group demonstrated normalized MCV (62.51 fl), MCH (23.74 pg), and a notably improved MCHC (37.99 g/dl), reflecting enhanced erythrocyte morphology and hemoglobinization. This improvement may be linked to the antioxidant and micronutrient content of sweet potato, which could support erythropoiesis and membrane integrity by reducing oxidative damage and inflammation (de los Ángeles Rosell et al., 2024). Collectively, these results highlight the beneficial effects of sweet potato tuber and peel dietary interventions in mitigating diabetes-induced alterations in red cell indices, likely through multiple mechanisms including improved nutritional status and reduced oxidative stress, thereby supporting healthier erythropoiesis and RBC functionality.   
Oxidative stress plays a critical role in the pathogenesis of diabetes and its complications, primarily due to an imbalance between reactive oxygen species (ROS) production and the antioxidant defense system (Bhatti et al., 2022). This study evaluated several key antioxidant parameters such as reduced glutathione (GSH), glutathione peroxidase (GPx), superoxide dismutase (SOD), catalase (CAT), and malondialdehyde (MDA) in order to assess the protective effects of sweet potato-based diets against oxidative stress in diabetic rats.

Reduced glutathione (GSH)  is a major intracellular antioxidant that scavenges free radicals and maintains cellular redox balance (He et al., 2017). The negative control (untreated diabetic rats) showed a significant reduction in GSH levels (12.04 mg/dl) compared to the normal control (14.14 mg/dl), reflecting compromised antioxidant capacity due to hyperglycaemia-induced oxidative stress (Mandal et al., 2019). Treatment with sweet potato diets increased GSH in a dose-dependent manner, with the 30% tuber and peel group reaching 14.44 mg/dl, comparable to the normal and positive control groups (15.24 mg/dl). This suggested a restoration of cellular antioxidant defenses, likely due to bioactive phytochemicals in sweet potato that promote GSH synthesis or recycling.

Glutathione peroxidase (GPx) reduces hydrogen peroxide and lipid peroxides, preventing oxidative damage to lipids and proteins (Abd et al., 2012; Ighodaro and Akinloye, 2018). GPx activity was lowest in the negative control group (40.60 U/l) and significantly improved with sweet potato treatments. The 30% tuber and peel group achieved GPx activity (46.00 U/l) equivalent to normal controls, indicating enhanced enzymatic antioxidant defense. This effect could be attributed to antioxidant compounds like phenolics and flavonoids enhancing GPx gene expression or activity (Mihailović et al., 2021).

Superoxide dismutase (SOD) catalyses the dismutation of superoxide radicals into hydrogen peroxide, a key step in ROS detoxification (Wang et al., 2018). The negative control group had significantly reduced SOD activity (28.60 U/l) relative to normal controls (33.40 U/l). Sweet potato treatments restored SOD activity, with the 30% tuber and peel group reaching 34.00 U/l, reflecting effective neutralization of superoxide radicals and reduced oxidative damage.

Catalase (CAT) further breaks down hydrogen peroxide into water and oxygen, preventing its accumulation and oxidative injury (Ighodaro and Akinloye, 2018). CAT activity was relatively stable across groups, with a slight increase observed in treated groups. The 30% tuber and peel group showed significantly elevated CAT activity (24.20 U/l) compared to negative controls (20.80 U/l), indicating improved enzymatic capacity to detoxify hydrogen peroxide, thus mitigating oxidative stress.

Malondialdehyde   (MDA) is a biomarker of lipid peroxidation and oxidative damage (Tsikas, 2017). (P<0.05) This suggested that the diets effectively suppressed lipid peroxidation and membrane damage, likely through direct radical scavenging and upregulation of endogenous antioxidants. The data collectively indicated that sweet potato tuber and peel supplementation, especially at 30% inclusion, effectively restores antioxidant defenses and reduces oxidative damage in diabetic rats. The enhancement of GSH, GPx, SOD, and CAT activities alongside decreased MDA highlights the protective antioxidant role of sweet potato bioactive compounds. These effects contribute significantly to ameliorating diabetes-induced oxidative stress and its associated tissue damage
Inflammatory cytokines such as Interleukin-6 (IL-6), Interleukin-1 beta (IL-1β), and Tumor Necrosis Factor-alpha (TNF-α) are key mediators of inflammation and play crucial roles in the progression of diabetes and its complications (Navale and Paranjape, 2013; Peiró et al., 2017). IL-6 is a pro-inflammatory cytokine involved in immune response and inflammation, linked to insulin resistance and cardiovascular disease risk in diabetes (Pedersen, 2017). IL-1β promotes inflammation, beta-cell dysfunction, and apoptosis in diabetes (Peiró et al., 2017) while TNF-α drives insulin resistance and inflammatory damage in tissues (Bansal  and Bansal, 2024). Elevated levels of these cytokines are markers of chronic low-grade inflammation associated with type 2 diabetes and its complications (Donath and Shoelson, 2011; Okdahl et al., 2022).
From Table 3, it was observed that the serum levels of IL-6, IL-1β, and TNF-α were significantly elevated in the diabetic negative control group compared to the normal control group, reflecting the pro-inflammatory state associated with diabetes (Hotamisligil, 2006). Specifically, the negative control group exhibited IL-6, IL-1β, and TNF-α levels of 19.39 pg/ml, 6.07 pg/ml, and 14.51 pg/ml, respectively, in contrast to the normal control group, which recorded 3.20 pg/ml, 0.27 pg/ml, and 3.31 pg/ml for these cytokines. These findings corroborated previous studies indicating that diabetes induces chronic low-grade inflammation, characterized by elevated levels of pro-inflammatory cytokines (Donath  and Shoelson, 2011; Pereira and  Alvarez-Leite, 2014; Quevedo-Martínez et al., 2023). The upregulation of TNF-α and IL-6 has been directly linked to the development of insulin resistance and the impairment of β-cell function (Esser et al., 2014; Rehman et al., 2017). Furthermore, increased IL-1β has been implicated in the destruction of pancreatic β-cells and the progression of diabetes (Dludla et al., 2023). Treatment with the standard drug (Group 3) resulted in a substantial decrease in all three cytokines compared to the negative control group. IL-6, IL-1β, and TNF-α levels in this group were 6.85 pg/ml, 0.52 pg/ml, and 6.22 pg/ml, respectively. This outcome was consistent with the anti-inflammatory and glucose-lowering effects of conventional antidiabetic drugs, which have been shown to suppress pro-inflammatory cytokine production (American Diabetes Association, 2019).

Interestingly, dietary supplementation with sweet potato tuber alone (Groups 4–6) also significantly attenuated serum cytokine levels in a dose-dependent manner. At the highest concentration (30 % tuber), IL-6, IL-1β, and TNF-α were reduced to 8.16 pg/ml, 0.79 pg/ml, and 8.34 pg/ml, respectively. These findings aligned with earlier reports that sweet potatoes contain a rich array of bioactive phytochemicals, including polyphenols, flavonoids, and anthocyanins, which exert potent anti-inflammatory and antioxidant effects (Sun et al., 2019; Nguyen et al., 2021; Laveriano-Santos et al., 2022). Such bioactive compounds have been documented to modulate cytokine gene expression, thereby mitigating systemic inflammation in metabolic disorders (Arisanti et al., 2023).

A more remarkable suppression of cytokine levels was observed in rats fed diets incorporating both sweet potato tuber and peel (Groups 7–9). The 30 % tuber and peel combination (Group 9) achieved cytokine levels of 5.13 pg/ml (IL-6), 0.49 pg/ml (IL-1β), and 4.71 pg/ml (TNF-α), closely mirroring the standard drug group. This observation suggested a synergistic effect of sweet potato peel and tuber. The peel of sweet potato has been reported to contain higher concentrations of polyphenols and flavonoids compared to the tuber, which may amplify the anti-inflammatory potential (Datta et al., 2024). Studies by Sun et al. (2019) and Chintha et al. (2023) highlighted that these natural compounds can downregulate nuclear factor-kappa B (NF-κB), a transcription factor pivotal to the expression of IL-6, IL-1β, and TNF-α in diabetic inflammation.

Overall, the present findings supported the hypothesis that sweet potato-based dietary interventions effectively alleviated the pro-inflammatory state characteristic of diabetes. The tuber and peel combination in particular exhibited the most pronounced anti-inflammatory activity, suggesting that including the peel in dietary formulations could offer superior therapeutic potential. These results aligned with previous findings that whole-plant approaches maximize the benefits of bioactive compounds through additive or synergistic effects (Laveriano-Santos et al., 2022). The restoration of cytokine levels toward normal in the treated groups highlighted the potential of sweet potato-based interventions to reduce systemic inflammation, a known driver of diabetes complications such as cardiovascular disease and nephropathy (Donath and Shoelson, 2011; Waseem et al; 2023). 
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