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ABSTRACT 

Aim: This study aimed at extracting bioactive components from conophor nut as a probable nutraceutic in the treatment of diabetes. 

Place and Duration: Food Chemistry Laboratory, Department of Food Science and Technology, and Biochemistry Laboratory of the 

Federal University of Technology, Akure, from June 2023 to September 2023. 

Methodology: Protein isolate (CNPI) was produced via alkaline solubilisation of defatted conophor nut flour using NaOH. Hydrolysate was 

prepared by fermentation using Lactobacillus fermentum BGT10 for 24, 48 and 72 hours (CNPH24, CNPH48, CNPH72) respectively while 

the ethanolic extract (CNE) was prepared by steeping defatted conophor nut flour in 95% ethanol. Diabetic model rats were subjected to 

hyperlipidemic diet for 4 weeks and then induced by single intraperitoneal injection of freshly prepared solution of streptozotocin (35 

mg/kg). The rats were randomly divided into 18 groups of five (5) rats each; negative control group, diabetic control group, reference 

(positive) control group as well as the treatment group; CNE, CNPH24, CNPH48, CNPH72 and CNPI administered dose dependently 

namely, 250, 500 and 1000 mg/kg body weight. Oxidative stress was evaluated in liver and kidney by antioxidant markers, and also kidney 

functions were determined in diabetic control and treated rats.  

Result: When compared with diabetic rats, oral administration of treatments at a concentration of 1000 mg/kg daily for 28 days showed 

significant reduction in biochemical parameters of liver and kidney for CNE, CNPH24, CNPH48, CNPH72 and CNPI respectively. 

Furthermore, the treatment resulted in significant increase in SOD, GSH, GST and CAT and decrease in MDA in the liver and kidney 

respectively.  

Conclusion: Results from the study suggest that CNE, CNPH24, CNPH48, CNPH72 and CNPI may effectively normalize dysfunctional 

antioxidant status in streptozotocin-induced diabetics in a dose-dependent manner.  
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Introduction 

Africa traditionalists have used different plants in the treatment of diabetics’ mellitus [1] a chronic disease which is one of the leading 

causes of mortality worldwide [2]. The World health Organization (WHO) has recommended the use of some medicinal plants for the 

treatment of diabetics’ mellitus [3] and this has paved ways for the discovery and development of novel therapeutic control of diabetes. 

Some plants such as Karela (Momordica charantia ) [4], Gudhal (Hibiscus rosa sinensis) [5] and Mangifera indica L. [6] have shown 

reduction in the blood sugar of the experimental animals. 

Conophor nut (Tetracarpidium conophorum) is a perennial woody plant widely consumed by the Africans when cooked [7]. Conophor nut 

like other plants grown in Africa, it has been reported to possess nutritive, agricultural, decorative, medicinal and industrial values. It 

possesses bioactive components like ascorbic, phytate, oxalate, alkaloid, saponin and tannins [8]. It is also rich in protein, carbohydrate, 

vitamins, minerals, and fat and oils [9]. The extracts of Conophor nut leaves have been reported to have antibacterial properties against 

Gram positive bacteria [10]. The barks and leaves of the Conophor nut are used in traditional medicine to cure dysentery and other diseases. 

Conophor nut possesses fat composition capable of lowering cholesterol level. It has also reported that Conophor nut is rich in dietary 

omega-3-fatty acids that prevents body disorders including depression as well as dementia [11]. 

“Functional foods such as Conophor nut provides synthesizes complex organic molecules (phytochemicals) beneficial for human health. 

People consuming diets rich in functional or bioactive components are at lower risk of chronic illnesses, such as cardiovascular diseases, 

diabetes mellitus and the likes thus, reducing the risk of mortality” [12]. “Diabetes mellitus, a chronic endocrine disorder that affects the 

metabolism of carbohydrates, protein, fat, electrolytes and water which is characterized with hyperglycemia is a major health problem with 

increasing prevalence over the entire world”. [13] “The synthetic treatment of diabetes mellitus through the use of chemical drugs in recent 

times has shown severe drawbacks. Consumers are turning massively to food supplements to improve health due to the risk of toxicity or 

adverse effect of drug usage” [14]. “People  have  depended mostly on plants for nutritional and medicinal needs and research have focused 

on searching for anti-diabetic compounds from natural materials which could act as an anti-catalyst to compete with α-amylase and α-

glucosidase that can prevent hyperglycemia without any side effects” [15]. 

Despite the medicinal uses of Conophor nut, only few studies are available on the Conophor nut protein isolates, hydrolysate and ethanolic 

extract on the hepathological and renal dysfunction of Streptozocin-induced Diabetic male Wistar Rats. Therefore, this study is aimed at 

investigating the biochemical ameliorating potential of Conophor nut protein isolates, hydrolysate and ethanolic extract on the 

hepathological and renal dysfunction of streptozocin-induced diabetic male wistar rats. 

 

Material and Methods 

 Plant material 

Conophor nuts were purchased from a local farm in Ibadan, Oyo State, Nigeria. The plant was identified and authenticated at the Crop, Soil 

and Pest Management Department, Federal University of Technology, Akure, Nigeria. 

 

Sample Preparation 



 

 

Production of defatted Conophor nut Flour 

Conophor nuts were washed thoroughly to remove all dirt and shelled manually by removing the kernels from the seeds. The removed seeds 

were washed and sliced (2-3mm) for easy drying. The shredded walnut seeds were oven dried at 70ºC for 24hours and the milled into coarse 

flour with a milling machine according to the method of [16]. Defatted Conophor nut flour was obtained by solvent extraction method to 

extract oil from the Conophor nut using Soxhlet Extraction method. 

Production of Conophor Nut Protein Isolate 

Conophor nut protein Isolate was produced using the method described by [17]. The defatted flour (25±50g) was added to distilled water at 

flour to solvent ratio of 1:5 (w/v). The mixture was stirred with a magnetic stirrer for 10 min and the pH of the solution was adjusted to 9.0 

using 1 M HCl or NaOH and stirring was continued for another 30 min at room temperature. Each extract was separated by centrifugation at 

3500 ×g for 30 min. The residue was re-extracted two more times with the same solvent under the similar conditions. The extracts was then 

combined and proteins precipitated by adjusting the pH to 4.0 with 1 M HCl, followed separation by centrifugation at 3500 ×g for 30 min. 

The precipitate was re-dispersed in 100ml distilled water at pH 9.0 and re-precipitated at pH 4.0. After separation of proteins by 

centrifugation, the precipitate was washed twice with distilled water b(R= 1:2). The precipitated protein was re-suspended in distilled water 

on a magnetic stirrer and stirred for 10min while the pH was adjusted to 7.0 with 1 M NaOH prior to lyophilization. The dried protein isolate 

was stored in an air tight container for further analyses. 

Production of Conophor Nut Protein Hydrolysate 

Conophor nut protein hydrolysate was produced using the method described by [18] with slight modification.  The protein hydrolysate flour 

was produced using Lactobacillus fermentum BGT10 which was obtained from the Federal Institute of Industrial Research, Oshodi, Lagos, 

Nigeria. The mixtures of protein isolate and lactic acid bacteria (7log cfu/g in flour after inoculation) were dispersed in distilled water and 

were thoroughly mixed in a food processor DW-25, Better Boiler Ltd., Shanghai, China). After mixing, the mixtures were placed in 

incubator at 37ºC for 24, 48 and 72 h respectively ; and thereafter, lactic acid bacteria was inactivated at 98 °C for 10 min. After 

inactivation, the mixture was centrifuged at 3500 x g for 30 min and filtered through a 0.45 μm membrane filter. The filtrates were then 

freeze-dried and stored at 4 °C before further analysis. 

Production Conophor Ethanolic Extract 

Conophor nut extract was obtained by method of [19] with slight modification. 100g of defatted conophor nut flour was measured into a 

bottle and was extracted with 200ml Ethanol and placed in a shaker for 6 hours. The supernatant was filtered and spread out on a tray for the 

ethanol to escape and then the dried extract was scraped and grounded for further analyses. 

Animal experimental design  

Ninety (90) healthy male Wistar weaning rats of two weeks of age were purchased from the animal house of Department of Biochemistry, 

Federal University of Technology, Akure, Ondo state, Nigeria. The rats were divided into 18 groups of 5 animals each per group based on 

their weight (140 -150g) and then allowed to acclimatize to the new environment for seven days. During the 7 days’ acclimatization, the rats 

were fed on commercial feed and water ad libitum. After seven days, the rats were induced with type-2-diabetes.  

Induction of type 2 diabetes mellitus  

“Experimental type-2 diabetes mellitus in form of Streptozotocin (STZ) was induced by subjecting the rats to high fat diet (HFD) or 

hyperlipidemic diet) which contained 20% fat, 45% carbohydrate, 22% protein, for 4 weeks” [20]. “The streptozotocin (STZ) was prepared 

by dissolving appropriate amount in freshly prepared 5 mmol/L citrate buffer, pH 4.5. The intraperitoneal injection of single low dose of 

steptozotocin (STZ) (35 mg/kg, i.p.) was conducted on the fourth week on overnight fasted rats. After STZ injection, the rats had free access 

to glucose solution (5%) for 24 h to avoid and/or attenuate subsequent inevitable hyperinsulinemia and hypoglycemic shock. 48 hours post-

STZ injection, animals were fasted overnight and a drop of blood samples were analyzed for glucose levels (mg/dL) by using strips on 

glucometer (ACCU-CHEK ACTIVE, Roche, Germany). Animals with glucose levels above 250 mg/dL were considered as diabetic and 

used in the therapeutic study”.  [20] 

Animal grouping; 

Group 1: Diabetic-Negative control (NDBT) and water ad libitum 

Group 2: HFD/STZ (35mg/kg BWT)-induction (DBT) without treatment 

Group 3: HFD/STZ (35mg/kg BWT)-induction and 100 mg/kg body weight of Metformin (DBT-Metformin); Diabetic-Positive control 

Group 4: HFD/STZ (35mg/kg BWT)-induction and 250 mg/kg body weight of CNE (DBT-CNE 250) 

Group 5: HFD/STZ (35mg/kg BWT)-induction and 500 mg/kg body weight of CNE (DBT-CNE 500) 

Group 6: HFD/STZ (35mg/kg BWT)-induction and 1000 mg/kg body weight of CNE (DBT-CNE 1000) 

Group 7: HFD/STZ (35mg/kg BWT)-induction and 250 mg/kg body weight of CNPH24 (DBT-CNPH24 250) 

Group 8: HFD/STZ (35mg/kg BWT)-induction and 500 mg/kg body weight of CNPH24 (DBT-CNPH24 500) 

Group 9: HFD/STZ (35mg/kg BWT)-induction and 1000 mg/kg body weight of CNPH24 (DBT-CNPH24 1000) 

Group 10: HFD/STZ (35mg/kg BWT)-induction and 250 mg/kg body weight of CNPH48 (DBT-CNPH48 250) 

Group 11: HFD/STZ (35mg/kg BWT)-induction and 500 mg/kg body weight of CNPH48 (DBT-CNPH48 500) 

Group 12: HFD/STZ (35mg/kg BWT)-induction and 1000 mg/kg body weight of CNPH48 (DBT-CNPH48 1000) 

Group 13: HFD/STZ (35mg/kg BWT)-induction and 250 mg/kg body weight of CNPH72 (DBT-CNPH72 250) 

Group 14: HFD/STZ (35mg/kg BWT)-induction and 500 mg/kg body weight of CNPH72 (DBT-CNPH72 500) 

Group 15: HFD/STZ (35mg/kg BWT)-induction and 1000 mg/kg body weight of CNPH72 (DBT-CNPH72 1000) 

Group 16: HFD/STZ (35mg/kg BWT)-induction and 250 mg/kg body weight of CNPI (DBT-CNPI 250) 

Group 17: HFD/STZ (35mg/kg BWT)-induction and 500 mg/kg body weight of CNPI (DBT-CNPI 500) 

Group 18: HFD/STZ (35mg/kg BWT)-induction and 1000 mg/kg body weight of CNPI (DBT-CNPI 1000). 

After induction, rats in each group received their respective treatments by oral administration (gavage). 

Necropsy, blood collection and preparation  
The rats were sacrificed by cervical dislocation at exactly 18 hours after the last administration. Blood samples were collected by cardiac 

puncture into non-anticoagulant serum tubes and allowed to stand for 1h. The clotted blood was centrifuged for 10min at 3000rpm. The 

serum was transferred into clean tubes for the evaluation of biochemical indices. 



 

 

 

Preparation of tissue homogenates  

The liver were quickly rinsed in ice-cold 1.15% potassium chloride solution, blotted and weighed. The liver was subsequently homogenized 

in cold 0.1 M potassium phosphate buffer pH 7.4. The homogenates were cold-centrifuged for 10 min at 3000 rpm and supernatants were 

collected and stored at 4°C prior to biochemical assays.  

Evaluation of Hepatic Function  

Aspartate amino transferase (AST) activity 

“Activity of AST was evaluated using manufacturer protocol of Randox AST Kit based on the principle of” [21]. “Diluted sample (0.1ml) 

was mixed with 0.5 ml of R1 (phosphate buffer (100 mmol/L, pH 7.4), L-aspartate (100 mmol/L), and 𝛼-oxoglutarate (2 mmol/L)) and the 

mixture incubated for 30 min at 37 °C after which 0.5 ml of R2 (2, 4-dinitrophenylhydrazine (2 mmol/L)) was added to the reaction mixture 

and allowed to stand for another 20 min at 25 °C. Then, 5.0 ml of NaOH (0.4M/L) was added and the absorbance was read against the 

reagent blank after 5 min at 546 nm. The activity of AST in homogenate was obtained following the extrapolation of absorbance value on 

AST standard curve”.  [21] 

 

Alanine amino transferase (ALT) activity  

“Assay of alanine amino transferase ALT activity was carried out using the manufacturer protocol of Randox ALT Kit based on the 

principle” described by [21]. “Reagent1 (0.5 ml) containing Phosphate buffer (100 mmol/l, pH 7.4), L-alanine (200 mmol/l) and 𝛼- 

oxoglutarate (2.0 mol/l) was added to a test tube already containing 0.1 ml of serum sample and the mixture was incubated at 37°C for 30 

min. Then, 0.5ml of Reagent2 containing 2, 4-dinitrophenylhydrazine (2.0mmol/l) was added and the mixture incubated again at 20 °C for 

20 min. Finally, 5 ml of NaOH was added. The mixture was allowed to stand for 5 min at room temperature and the absorbance was read at 

546nm. The activity of ALT in the homogenate was obtained from a standard curve”. [21] 

 

Alkaline phosphatase (ALP) activity 

“Assay of alkaline phosphatase (ALP) activity was carried out according to the procedure provided by RANDOX KIT Manufacturer. ALP 

activity was measured by monitoring the concentration of p-nitrophenol formed when ALP reacted with p-nitrophenyl phosphate. Exactly 

1.0 ml of the reagent (1 mol/l, pH 9.8 Diethanolamine buffer, 0.5 mmol/l MgCl2; substrate: 10 mmol/l p-nitrophenylphosphate) was added to 

0.02 ml of sample and then mixed. The absorbance was read for 3 min at intervals of 1 min at a wavelength of 405nm”. [21] 

Calculation  

ALP activity was determined using the formula: 

 U/l = 2760 x A405 nm/min. 

 

Evaluation of Gamma-Glutamyl Transferase (GGT) Activity 

 The assay was conducted using a Randox kit manual. Using a water-bathe set at 37°C for the incubation of the reaction, the reaction is 

constituted of 100µl of the sample extract 1000µl of the reagent at a pH of 8.25 using tris-buffer of 100mmol/l concentration. The reagent 

contains glycylglycine (100mmol/l) and L--glutamyl-3-carboxy-4-nitroanilide (2.9 mmol/l). The absorbance of the mixture was read at 

405nm. 

Calculation: 

To calculate the GGT activity; 

U/L = 1158 x A 405 nm/min 

 

Evaluation of Kidney Function 

Determination of Creatinine  

Creatinine level was determined using commercially available kits (Randox Laboratories, Antrim, UK). Creatinine in alkaline solution 

reacts with picric acid to form a coloured complex. The amount of the complex formed is directly proportional to the creatinine 

concentration. Procedure Exactly 2.0 ml of working reagent (picric acid + sodium hydroxide) was added to 0.2 ml of sample and mixed. The 

absorbance A1 of standard and sample was read after 30 s and 2 min later, absorbance A2 of standard and sample was read again at 492 nm. 

 Calculation:  

creatinine ( 
mg

𝑑𝑙
) =   

ΔA sample x standard concentration 

ΔA standard
 (

mg

𝑑𝑙
)                         

Where: ΔA sample or ΔA standard = A2 – A1  

ΔA = Change in absorbance per minute, 

 A1 = initial absorbance, 

 A2 = final absorbance. 

 

Blood urea nitrogen concentration   

The Urea Nitrogen assay is a modification of a totally enzymatic procedure first described by [22]. One hundred microliter (100μL) of 

diluted serum (serum 1:4 in either normal saline or PBS) supernatant was added to the microplate wells; 150μL of Urease Mix solution was 

then added to it. Plate was tapped gently 3-4 times to mix sample and enzyme and incubated for 15 minutes at room temperature.100μL of 

Alkaline Hypochlorite was added to each well and incubate for 10 minutes at room temperature. The absorbance of each sample is measured 

in duplicate at 620 nm. 

 

The urea concentration (dilution factor = 5) in the well can be determined using the equation: 

Blood Urea Nitrogen concentration =  
Dilution factor x (Average absorbance –y−intercept)

slope
                                                          

 

In-vivo antioxidant indices of liver and kidney 



 

 

Catalase (CAT), malondialdehyde (MDA), superoxide oxidase (SOD), reduced glutathione (GSH), and glutathione transferase (GST) were 

evaluated using standard methods. 

Evaluation of haematological indices  

“Hematocrit (PCV) was determined using high-speed centrifugation of blood-filled hematocrit tubes with a Zipocrit Hematocrit Centrifuge 

(Thermo Fisher Scientific, Philadelphia, PA). All white blood cell (WBC) count estimates were performed by the same technics, at a 

location on the slide where the cells were one layer thick, adjacent to one another (membranes touching), evenly distributed, and showed no 

signs of morphological changes” [23]. “White blood cell estimates were made by using a 100X objective lens with immersion oil, counting 

the number of white blood cells in 10 fields, calculating the average, and then multiplying the number of cells by 2,000” [24]. “The absolute 

cell count for each type of cell was calculated by multiplying the percentage of the type of cell by the overall WBC estimate” [23]. “Total 

erythrocyte count (TEC) and total leukocyte count (TLC) were determined by Haemocytometric method” [25]. “With the use of Natt and 

Harricks diluting fluid, RBCs were viewed with transparent cytoplasm and pale staining nucleus. Immediately after the collection of blood, 

smears were prepared for differentiating and counting each type of leukocytes. Differential count of leukocytes was determined by using 

Giemsa stain. The smears were stained approximately 2-10 min after methyl alcohol fixation. Two hundred leukocytes, including 

granulocytes and agranulocytes were counted in different fields of the smears and expressed in percentage (%)”. [21] The Mean Corpuscular 

Hemoglobin (MCH) value is determined by the equation:  

MCH = (HGB/RBC) x 100.                                                                                 

The MCHC is classically determined by the equation:  

MCHC = (HGB/HCT) x 100.                                                                               

The MCV is classically determined by the equation:  

MCV = (PCV/RBC).                                                                                           

 

Histopathological examination 

Post-mortem examination was carried out on all the animals sacrificed. Both the liver and kidney were selected for histopathological study. 

After blood rinsing in normal saline, sections were taken from each selected vital organ, this was followed by preparing a 1 cm wide strip of 

a section of the Liver and Kidney and placed into formalin. It was then processed into 4-5 μm thick sections stained with haematoxylin-

eosin and observed under a microscope. 

 

Statistical analysis  

The results were pooled and expressed as mean ± standard deviation. One way analysis of variance (ANOVA) was used to analyze the 

results and Duncan multiple tests was used for the post hoc (DMRT). Statistical package for Social Science (SPSS) 21.0 for Windows was 

used for the analysis. The significance level was set at p < 0.05. 

 
Result and Discussion 

Influence of Conophor Nut Protein Isolate, Hydrolysates and Extract on the Haematological properties of Streptozocin-induced 

Diabetic Wistar Rats. 

Haematological properties assessment is used in evaluating the extent of the deterioration of blood constituents of an animal [26]. It can also 
play a role in physiological, nutritional and pathological state of an organism [27]. The haematological property of treated diabetic wistar 

rats is presented in Table 1. The Pack Cell Volume (PCV) ranged between 27.50% in Diabetic untreated group (DBT) to 41.50% in 

Negative control group (NDBT). Red blood cell (RBC), White blood cell (WBC) and haemoglobin (Hb) ranged between 97.87-239.59 x103 
rbc/mm3, 127.67-204.39 x50wbc/mm and 6.44-26.50g/100min DBT and NDBT rats respectively. The samples especially at high dose (1000 

mg) were able to increase the PCV, RBC, WBC and Hb in the diabetic rats treated with conophor nut protein isolate, hydrolysates and 

extract compared to the metformin treated rats. This suggests the nutritional quality of conophor nut proteins and extract. Diets with poor 
protein composition have been reported to result in poor haemoglobin production and immunity [28] therefore resulting in anaemia [29]. 

Glycosylation of haemoglobin peculiar in diabetic states [30] may contribute to the low Hb concentration as obvious in the DBT. Red blood 

cell indices are used to evaluate erythropoiesis. Changes in the process may be in the direction of a decrease, indicated by anaemia or an 
increase, indicated by polycythemia [31]. The increase in RBC in treated diabetic rats with CNE, CNPH24, CNPH48, CNPH72 and CNPI 

indicates ameliorative effect on the streptozocin induced anaemia observed in the DBT group. The observed increase red cell indices in 
diabetic rats following the treatments with CNE, CNPH24, CNPH48, CNPH72 and CNPI suggest enhanced erythropoiesis. Some of the 

chemical constituents of conophor nut such as flavonoids stimulate the production of erythropoietin, the key hormonal stimulant of 

erythropoiesis, and prevent free radicals-induced haemolysis of RBCs [32, 33]. Also, it was observed that treatment of diabetic rats with 
high dose of CNE, CNPH24, CNPH48, CNPH72 and CNPI up to 1000 mg was able to increase the lymphocyte index compared to the 

metformin treated diabetic group (DBT-Met). This could be due to the mature red blood cell that was not destroyed by the isolate, 

hydrolysates and extract [34]. The decrease in lymphocytes in the DBT group may be a response to the stress associated with diabetes since 
they are essential for maintenance of the body’s defense /immunity [35]. 

Similarly, the treatments were able to increase the concentration of Neutrophil in diabetic rats from 33.21-38.43% in CNE, 33.10- 39.63% in 

CNPH24, 33.06 – 38.62% in CNPH48, 33.63 -40.75% in CNPH72, and 32.99 – 40.06% in CNPI compared to the 40.32% in the metformin 
treated diabetic rats. The increase in neutrophils may be due to involvement of cells in the phagocytic processes against different antigens 

especially as the risk of infection is higher in diabetics [36]. 

 

Table 1: Influence of Conophor Nut Protein Isolate, Hydrolysates and Extract on the Haematological properties of Streptozocin-

induced Diabetic Wistar Rats 

SAMPLES PCV (%) HB (g/100 ml) WBC (x 50 wbc/ 

mm)  

 

RBC  

(x 103 

rbc/mm3)  

 

LYMPHOVC

YTE (%) 

NEUTROPH

IL (%) 

Serum Total 

Protein 

(mg/dl) 

NDBT 41.50±0.70a 26.50±0.71a 204.39±24.55bc 239.59±2.99cd 15.91±1.87ab 48.64±1.74a 44.91±2.20a 

DBT 27.50±4.95c 6.44±0.51j 127.67±5.64j 97.87±1.19h 9.92±0.44h 23.21±1.15f 17.57±2.37h 

DBT-MET 38.00±1.41ab 18.00±2.68cde 181.75±11.28defg 239.44±4.32cd 14.12±0.88cdef 40.32±0.91bc 33.57±1.50 



 

 

Means (±SEM) with different alphabetical superscripts in the same column are significantly different at P<0.05. 

KEY: NDBT: Negative control;                                                         

DBT: HFD/STZ (35mg/kg BWT)-induction positive control;  

DBT-METFORMIN: HFD/STZ (35mg/kg BWT)-induction and 100 mg/kg body weight of METFORMIN; 

DBT-CNE: HFD/STZ (35mg/kg BWT)-induction and 250, 500 & 1000 mg/kg body weight of Conphor nut Extract;  

DBT-CNPH24 : HFD/STZ (35mg/kg BWT)-induction and 250, 500 & 1000 mg/kg body weight of Conphor nut Hydrolysate 

fermented for 24h;  

DBT-CNPH48: HFD/STZ (35mg/kg BWT) induction and 250, 500 & 1000 mg/kg body weight of Conphor nut Hydrolysate 

fermented for 48; 

 DBT-CNPH72: HFD/STZ (35mg/kg BWT)-induction and 250, 500 & 1000 mg/kg body weight of Conphor nut Hydrolysate 

fermented 72;  

DBT-CNPI: HFD/STZ (35mg/kg BWT)-induction and 250, 500 & 1000 mg/kg body weight of Conphor nut Protein Isolate. 

 

Effects of Conophor nut Protein Isolate, Hydrolysates and Extract on Hepatic and Renal Endogenous Antioxidants Activities 

Oxidative stress assessment was performed by recording the activities of anti-oxidative enzymes i.e. catalase (CAT), Glutathione transferase 

Activity (GTA), superoxide dismutase (SOD), reduced glutathione (GSH) and lipid peroxidation (MDA) on liver and kidney of 

streptozocin-induced male wistar diabetic rats. Increased oxidative stress is one of the major causes of diabetes in experimental animals [37] 

and it is linked to auto-oxidation of glucose, protein glycation, lipid peroxidation, dyslipidemia and lowered activities of enzymic and non-

enzymic antioxidants [38].  

Catalase (CAT) is an enzyme that efficiently converts H2O2 into oxygen and water. Contrary to glutathione, the affinity of the catalase for 

hydrogen peroxide is increased only when H2O2 levels are high [39]. According to [40], CAT protects the cell from oxidative damage by 

reactive oxygen species (ROS). The hepatic and renal catalase activity is illustrated in Figure 1 and 2. The non-diabetic rats (NDBT) had the 

highest hepatic and renal catalase activity (13.33 and 8.38 mmol H2O2/mg of protein) respectively while the DBT had significantly lower 

catalase activity (2.31 and 1.19 mmol H2O2/mg of protein) respectively (p<0.05). The activity of catalase in diabetic rat was dose dependent. 

Diabetic rats treated with 1000 mg/kg CNPH72, CNE and CNPI had significantly higher enzyme activity in the order CNPH72 > CNE > 

CNPI than CNPH24 and CNPH48 (p<0.05) therefore reflecting a decrease in ROS level in the cell. CNPH72, CNE and CNPI caused 

increased activity of the hepatic and renal enzyme than the drug treated diabetic rat (DBT-MET) and may be a better replacement for 

synthetic drugs like metformin in the treatment of diabetes.  

Superoxide dismutase (SOD) is an enzyme that has a great effect on the biological defense mechanism by the disparity of endogenous 

cytotoxic superoxide radicals into hydrogen peroxide (H2O2) [41]. The hepatic and renal SOD activity of non-diabetic rats (NDBT) was 

significantly higher (7.88 and 4.95 μ/mg protein) than diabetic rats (DBT) (0.49 and 0.22 μ/mg protein) liver and kidney SOD respectively. 

The enzymatic hepatic and renal SOD activity of DBT group was very low due to the diabetic condition. However, 1000mg/kg of treatment 

sample CNE, CNPI, CNPH24, CNPH48 and CNPH72 had a significant effect on the oxidative defense mechanism of the body by increasing 

SOD activity considerably especially CNPH72 (3.84 U/mg protein) and CNPI (4.27 U/mg protein ) in the kidney and liver respectively. 

Glutathione (GSH) participates in many biological processes acting as an intra and extracellular antioxidant. It reduces hydrogen peroxide, 

thereby lowering the lipid peroxidation levels [42]. GSH also plays a fundamental role in cell defense against free oxygen radicals and other 

oxidative species [43]. The hepatic and renal GSH activity of non-diabetic rats (NDBT) was significantly higher (10.71 and 6.72 μ/mg 

protein) than diabetic rats (DBT) (2.04 and 0.25μ/mg protein) liver and kidney GSH respectively. In this study, hepatic and renal GSH levels 

increased in all doses. 1000mg/kg of the treatment was able to boost the GSH level in diabetic rats but not comparable to the level of GSH in 

the NDBT group in the liver and kidney. Sample treatment CNE, CNPH72 and CNPI had the highest level of GSH in diabetic rat in the liver 

and kidney respectively. This increase reflects the strong potential of Conophor nut extract, hydrolysate fermented for 72 h and protein 

isolate in the defense of the cell against free radicals and reactive oxygen species. 

“Glutathione-S-transferase (GST) performs an important role in the detoxification and metabolism of many xenobiotic and endobiotic 

compounds” [44]. “GST also has peroxidase and isomerase activity. It binds covalently with reactive metabolites formed from xenobiotics 

and non-covalently with lipophilic molecules, thereby offering protection against   oxidative stress” [45]. “Induction of diabetes by STZ in 

this study caused reduction in GST activity and the observed decrease may be due to suppression of the mRNA of GST by excessive free 

radicals” [46]. Metformin was able to increase the level of GST in diabetic rats by 50.12% in the liver and 20.62% in the kidney. There was 

no significant difference in the activity of the treatment samples and normal control (NDBT) group in increasing the level of GST in the 

liver. In the kidney, there was no significant difference between treatment sample, CNE, CNPH72 and the normal control group (NDBT) 

and also, no significant difference was observed in the level of CNPI, CNPH24 and CNPH48 at 1000mg/kg respectively in increasing the 

activity of GST in diabetic rats. 

DBT-CNE 250 35.50±0.71b 12.60±0.28hi 173.91±9.74fghi 153.31±19.02g 13.52±0.76defg 33.21±1.28e 21.65±1.67g 

DBT-CNE 500 36.50±0.71b 14.05±0.78gh 181.97±9.54defg 214.28±12.85de 14.14±0.74cdef 37.87±1.58cd 25.16±1.92ef 

DBT-CNE 1000 37.50±2.12ab 17.70±0.99cdef 187.18±7.43cdef 299.62±3.85b 14.50±0.58abcd 38.43±1.53cd 34.26±3.42bc 

DBT-CNPH24; 250 35.5±0.71b 10.50±0.78i 156.19±3.22i 149.83±17.74g 12.53±0.30fg 33.10±0.79e 22.50±1.28fg 

DBT-CNPH24;500 38.00±1.41ab 13.40±1.98gh 174.09±2.49fghi 207.25±16.50ef 14.31±0.91bcde 37.80±0.51cd 23.02±2.13fg 

DBT-CNPH24; 1000 37.50±0.71ab 17.15±0.78def 196.01±2.65bcde 249.87±19.07c 14.99±0.56abcd 39.63±1.49bcd 33.81±1.03bcd 

DBT-CNPH48;250 36.00±2.83b 10.75±0.92i 167.99±0.97ghi 158.08±17.95g 12.51±0.07fg 33.06±0.19e 25.73±2.61ef 

DBT-CNPH48; 500 37.00±1.41b 15.00±0.71fgh 184.79±2.74defg 288.39±2.04b 14.05±0.11cdefg 37.13±0.28d 31.30±2.58cd 

DBT-CNPH48; 1000 38.00±1.41ab 19.20±0.57cd 197.06±2.91bcde 308.46±14.66b 14.61±0.11abcd 38.62±0.30cd 30.64±1.35d 

DBT-CNPH72; 250 38.00±0.00ab 14.40±0.42gh 177.78±3.04efgh 179.46±13.53g 12.73±0.89efg 33.63±2.36e 17.63±1.56h 

DBT-CNPH72; 500 38.50±0.71ab 17.60±1.98cdef 213.64±0.87ab 298.19±9.16b 15.43±0.48abc 40.75±1.22bc 27.03±3.83e 

DBT-CNPH72; 1000 39.00±1.41ab 22.05±0.35b 227.21±6.06a 346.13±24.02a 16.10±0.62a 42.55±1.66b 34.55±2.93bc 

DBT-CNPI;250 35.50±2.12b 15.70±1.41efg 165.67±2.32hi 162.60±6.51g 12.49±0.73g 32.99±1.92e 17.89±1.80h 

DBT-CNPI; 500 36.00±1.41b 17.95±1.06cde 196.02±2.69bcde 170.01±5.04g 14.38±0.99bcd 37.99±0.26cd 20.46±1.09gh 

DBT-CNPI; 1000 38.50±0.71ab 20.10±0.99bc 211.39±2.94ab 370.65±15.28a 15.16±0.31abcd 40.06±0.81bcd 

 

35.35±1.73b 



 

 

MDA is the final product of the lipid peroxidation and its Measurement reflects the degree of oxidative stress [47]. The reduction of MDA is 

explained by the decrease in lipid peroxidation induced by increased production of antioxidant enzymes. In the present work, the 

administration of treatment samples; CNE, CNPH24, CNPH48, CNPH72 and CNPI were able to decrease the level of MDA in diabetic rats 

by 8.90%, 7.23%, 6.84%, 8.52%, 8.26% in the liver and 9.79%, 7.71%, 6.04%, 9.58%, 9.38% in the kidney in contrast to 23.10% and 

19.58% in the metformin treated group for the liver and kidney respectively. The treatment samples have the ability to block lipid 

peroxidation and therefore strengthen the antioxidant defense system. Because, induced hyperlipidemia leads to increased production of 

oxygen free radicals, thus causing lipid peroxidation [48]. 
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Fig.1 Effects of Conophor nut Protein Isolate, Hydrolysates and Extract on Hepatic superoxide dismutase  (A), Catalase (B), Reduce 

glutathione (C), glutathione transferase(D) and malondialdehyde (E) 

Bars with different alphabetical superscripts are significantly different at P<0.05. KEY: NDBT: Negative control; DBT: HFD/STZ 

(35mg/kg BWT)-induction positive control; DBT-METFORMIN: HFD/STZ (35mg/kg BWT)-induction and 100 mg/kg body weight of 

METFORMIN; DBT-CNE: HFD/STZ (35mg/kg BWT)-induction and 250, 500 & 1000 mg/kg body weight of Conphor nut Extract;  DBT-
CNPH24 : HFD/STZ (35mg/kg BWT)-induction and 250, 500 & 1000 mg/kg body weight of Conphor nut Hydrolysate fermented for 24h;  

DBT-CNPH48: HFD/STZ (35mg/kg BWT) induction and 250, 500 & 1000 mg/kg body weight of Conphor nut Hydrolysate fermented for 

48;  DBT-CNPH72: HFD/STZ (35mg/kg BWT)-induction and 250, 500 & 1000 mg/kg body weight of Conphor nut Hydrolysate fermented 
72; DBT-CNPI: HFD/STZ (35mg/kg BWT)-induction and 250, 500 & 1000 mg/kg body weight of Conphor nut Protein Isolate. 
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Fig. 2 Effects of Conophor nut Protein Isolate, Hydrolysates and Extract on Renal Hepatic Catalase (F), 

 superoxide dismutase (F), Reduce glutathione (H), glutathione transferase (I) and malondialdehyde (J) 
Bars with different alphabetical superscripts are significantly different at P<0.05. KEY: NDBT: Negative control; DBT: HFD/STZ (35mg/kg BWT)-induction 

positive control; DBT-METFORMIN: HFD/STZ (35mg/kg BWT)-induction and 100 mg/kg body weight of METFORMIN; DBT-CNE: HFD/STZ (35mg/kg BWT)-induction and 250, 

500 & 1000 mg/kg body weight of Conphor nut Extract;  DBT-CNPH24 : HFD/STZ (35mg/kg BWT)-induction and 250, 500 & 1000 mg/kg body weight of Conphor nut Hydrolysate 

fermented for 24h;  DBT-CNPH48: HFD/STZ (35mg/kg BWT) induction and 250, 500 & 1000 mg/kg body weight of Conphor nut Hydrolysate fermented for 48;  DBT-CNPH72: 

HFD/STZ (35mg/kg BWT)-induction and 250, 500 & 1000 mg/kg body weight of Conphor nut Hydrolysate fermented 72; DBT-CNPI: HFD/STZ (35mg/kg BWT)-induction and 250, 500 

& 1000 mg/kg body weight of Conphor nut Protein Isolate. 

 
Kidney function 

Renal dysfunction can be assessed by measuring serum creatinine and serum urea. Increase in serum creatinine and serum urea is an 
indication of renal dysfunction   [49, 50]. The creatinine and urea concentration (indices of kidney functionality) of the rats treated with 

conophor nut protein isolate (CNPI), hydrolysates (CNPH24, CNPH48, CNPH72) and extract (CNE) is presented in Table 2. The values for 

creatinine and urea concentration ranked from 3.72 mg/dl in NDBT, 77.29 mg/dl in DBT, 18.91 mg/dl in DBT- Met group and 13.42 mg/dl 
in NDBT, 139.42 mg/dl in DBT and 63.49 mg/dl in DBT-MET respectively. Metformin was able to crash the level of plasma creatinine and 

urea concentration in diabetic rats by 24.47 % and 45.54 % respectively. The increased level of plasma creatinine and urea in diabetic 

control rats (DBT) implies impaired renal function in the diabetic animals which may indicate the inefficiency of the kidney to filter waste 

products from the blood and excrete them in the urine. [51] reported that alteration in serum creatinine concentration is one of the basic 

markers for kidney dysfunction. Treatment with conophor nut protein isolate, hydrolysates and extract at all doses produced significant 

decrease in the level of plasma creatinine and urea in diabetic rats especially the hydrolysates whose activities were closely related and more 
effective compared to the metformin treatment. This finding is a likely indication that the test treatments may be beneficial in diabetic 

nephrology. 

Liver Function 
The influence of treatment samples on the functionality of the liver through enzymes activities of alkaline phosphate (ALP), aspartate amino 

transferease (AST), alanine amino transferease (ALT) and Gamma glutamyl transferase (GGT) of Wistar rats are  presented in Table 3. The 

activities of ALP, AST, ALT and GGT were high in diabetic rat (DBT) and low in non-diabetic rats (NDBT). The level of plasma ALT, 
AST, and ALP and GGT of diabetic control rats were significantly (p < 0.05) increased than normal control rats. According to [52], High 

concentration of AST/ALT in the blood is an indication of liver damage. However, treatment of diabetic rats with 250, 500 and 1000 mg 

dose of CNE, CNPH24, CNPH48, CNPH72 and CNPI, significantly reduced the level of this parameter with respect to diabetic control rats. 
Thus, this study indicates that CNE, CNPH24, CNPH48, CNPH72 and CNPI reversed the effect of diabetes on level of plasma ALT, AST, 

ALP and GGT but the effect was dose dependent. Plasma and tissue aminotransferases (ALT and AST) were monitored in both treated and 

untreated diabetic rats. According to [53], Tissue damage is usually associated with the release of enzymes specific to the affected tissue or 
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organ which could result in the increase in the activity of such enzymes in the blood. ALT is a cytoplasmic enzyme found in high amounts 

in the liver and an increase in ALT in the blood indicates liver damage, while AST is less specific than ALT as an indicator of liver damage 

[54]. The significant reduction in the level of ALT, AST,ALP and GGT in diabetic rats treated with CNE, CNPH24, CNPH48, CNPH72 and 

CNPI shows that conophor nut protein isolate, hydrolysates and extract are not hepatotoxic. The significant increase in aminotransferases in 
the liver (ALT) and the corresponding increase in the plasma (AST) observed in diabetic rats is an indication of increased de novo synthesis 

of the enzymes [55] bringing about the need for alternative source of energy through gluconeogenesis which could lead to increased 

catabolism of amino acids in the liver. ALT and AST reactions are extremely important for synthesis and degradation of amino acids. [56] 
previously reported increased activity of aminotransferases in the liver of diabetic rats. The reversal of the effect of diabetes on the activity 

of the aminotransferases (ALT most especially) in the plasma and liver of diabetic rats at a dose of 1000 mg CNE, CNPH24, CNPH48, 

CNPH72 and CNPI  of is an indication of their hepatoprotective effect in diabetic rats compared to the treatment with metformin. 

 

Histological plates and summary 

Histopathological studies are often used to analyse the hepatic and renal structural abnormalities. In the present study, histopathological 
analysis of the liver and kidney of diabetic treated rats using haematoxylin-eosin staining is revealed in Plate 1 and 2 respectively. 

 
Table 2: Influence of Conophor Nut Protein Isolate, Hydrolysates and Extract on the Haematological properties of Streptozocin-

induced Diabetic Wistar Rats s of Diabetic Rats 

SAMPLES                  BUN (mg/dl)        CREATININE (mg/dl)       Urea/Creatinine  

NDBT 
                    13.42±1.90

j

                                3.72±.52
i

              3.34
f

 

DBT 
                139.42±28.65

a

 77.29±12.36
a

             1.80
j

 

DBT-MET 
                 63.49±3.95

b

 18.91±2.43
bc

             3.36
f

 

DBT-CNE 250 
                60.22±13.86

bc

 18.78±1.36
bc

             3.21
g

 

DBT-CNE 500 
                 43.77±5.35

ef

  13.49±2.03
cdef

             3.24
g

 

DBT-CNE 1000 
                 33.58±3.41

fghi

                            7.94±2.25
ghi

             4.23
a

 

DBT-CNPH24; 250 
                 58.67±3.13

bcd

                           21.07±1.45
b

             2.78
i

 

DBT-CNPH24;500 
                 47.05±4.78

def

  16.71±2.11
bcd

             2.82
hi

 

DBT-CNPH24; 1000 
39.63±2.29

efgh

 10.95±2.09
efgh

             3.62
c

 

DBT-CNPH48;250 
                 46.20±5.67

def

 16.68±1.31
bcd

             2.77
i

 

DBT-CNPH48; 500 
                 42.39±5.35

efg

 12.27±1.58
defg

             3.45
e

 

DBT-CNPH48; 1000 
29.24±4.44

ghi

 8.53±1.32
fghi

             3.43
e

 

DBT-CNPH72; 250 
48.82±3.95

cde

 13.63±1.13
cdef

             3.58
d

 

DBT-CNPH72; 500 
41.98±2.09

efg

 11.44±0.60
efgh

             3.67
c

 

DBT-CNPH72; 1000 
                    25.84±4.72

i

                         6.34±0.83
hi

             4.08
ab

 

DBT-CNPI;250 
              43.79±2.41

ef

 14.52±3.06
cde

             3.02
h

 

DBT-CNPI; 500 
  36.65±4.69

efghi

 11.08±1.30
efgh

             3.31
f

 

DBT-CNPI; 1000 
                28.18±4.30

hi

                             7.14±2.05
ghi

             3.95
b

 

Means (±SEM) with different alphabetical superscripts in the same column are significantly different at P<0.05. 

KEY: 

NDBT: Negative control; DBT: HFD/STZ (35mg/kg BWT)-induction;  

DBT-METFORMIN: HFD/STZ (35mg/kg BWT)-induction and 100 mg/kg body weight of METFORMIN;  

DBT-CNE: HFD/STZ (35mg/kg BWT)-induction and 250, 500 & 1000 mg/kg body weight of Conphor nut Extract;  

DBT-CNPH24 : HFD/STZ (35mg/kg BWT)-induction and 250, 500 & 1000 mg/kg body weight of Conphor nut Hydrolysate 

fermented for 24h;  

DBT-CNPH48: HFD/STZ (35mg/kg BWT) induction and 250, 500 & 1000 mg/kg body weight of Conphor nut Hydrolysate 

fermented for 48;  

DBT-CNPH72: HFD/STZ (35mg/kg BWT)-induction and 250, 500 & 1000 mg/kg body weight of  Conphor nut Hydrolysate 

fermented 72;  

DBT-CNPI: HFD/STZ (35mg/kg BWT)-induction and 250, 500 & 1000 mg/kg body weight of Conphor nut Protein Isolate.;  

BUN: Blood urea nitrogen. 

 

 

 

 

 

 

 

 



 

 

Table 3: Influence of Conophor Nut Protein Isolate, Hydrolysates and Extract on the Haematological properties of Streptozocin-induced 

Diabetic Wistar Rats s of Diabetic Rats 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Means (±SEM) with different alphabetical superscripts in the same column are significantly different at P<0.05. 

KEY:  

NDBT: Negative control;  

DBT: HFD/STZ (35mg/kg BWT)-induction;  

DBT-METFORMIN: HFD/STZ (35mg/kg BWT)-induction and 100 mg/kg body weight of METFORMIN; 

 DBT-CNE : HFD/STZ (35mg/kg BWT)-induction and 250, 500 & 1000 mg/kg body weight of Conphor nut Extract;  

DBT-CNPH24 : HFD/STZ (35mg/kg BWT)-induction and 250, 500 & 1000 mg/kg body weight of Conphor nut Hydrolysate 

fermented for 24h;  

DBT-CNPH48: HFD/STZ (35mg/kg BWT) induction and 250, 500 & 1000 mg/kg body weight of Conphor nut Hydrolysate 

fermented for 48;  

DBT-CNPH72: HFD/STZ (35mg/kg BWT)-induction and 250, 500 & 1000 mg/kg body weight of Conphor nut Hydrolysate 

fermented 72;  

DBT-CNPI: HFD/STZ (35mg/kg BWT)-induction and 250, 500 & 1000 mg/kg body weight of Conphor nut Protein Isolate.  
AST: Aspartate Aminotransferase, ALT: Alkaline Aminotransferase, ALP: Alkaline Phospahate; GGT: Gamma-glutamyl 

transferase 

LIVER HISTOLOGY  

Plates 1: Liver Histology of animals induced with Streptozocin. 

             

 

SAMPLES          ALT (U/l)        ALP (U/l)       GGT (U/l)     AST (UI) AST/ALT 

ratio 

NDBT 
21.34±3.04

g

 6.03±0.41
g

 82.91±6.67
cd

 11.86±1.38
k

 0.56
gh

 

DBT 
95.74±5.10

a

 123.93±9.19
a

    243.44±11.81
a

 129.75±11.33
a

 1.36
a

 

DBT-MET 
48.23±3.89

d

 27.52±1.27
c

 90.29±5.11
bc

 42.24±3.14
f

 0.88
c

 

DBT-CNE 250 
71.18±7.34

b

 37.54±8.02
b

 95.02±8.43
b

 62.39±2.42
c

 0.88
c

 

DBT-CNE 500 
54.57±4.07

cd

 27.30±1.57
c

 80.43±5.62
de

 46.65±3.89
ef

 0.85
d

 

DBT-CNE 1000 
28.02±2.68

fg

 14.14±2.07
ef

 38.35±2.49
i

 26.28±1.39
hi

 0.94
b

 

DBT-CNPH24; 250 
74.34±7.83

b

 28.11±3.63
c

 83.08±3.97
cd

 81.16±3.18
b

 1.09
ab

 

DBT-CNPH24;500 
47.81±2.88

d

 20.71±2.71
d

 66.19±5.71
f

 42.87±2.74
f

 0.90
b

 

DBT-CNPH24; 1000 
24.20±4.69

fg

 11.46±1.74
fg

 47.67±4.70
gh

 20.08±7.18
j

 0.83
d

 

DBT-CNPH48;250 
70.54±6.98

b

 19.46±1.06
def

 86.76±4.56
bcd

 53.19±2.65
d

 0.75
e

 

DBT-CNPH48; 500 
57.14±3.59

c

 15.31±4.56
def

 63.81±10.83
f

   50.91±2.44
de

 0.89
c

 

DBT-CNPH48; 1000 
36.66±3.48

e

 7.76±2.91
g

 42.51±1.74
h

 29.51±2.29
gh

 0.80
d

 

DBT-CNPH72; 250 
74.41±5.96

b

 20.76±1.90
d

 69.43±5.31
f

 44.34±2.60
f

 0.60
g

 

DBT-CNPH72; 500 
46.88±2.53

d

 15.45±2.14
def

 52.17±4.43
g

 32.63±1.25
g

 0.70
f

 

DBT-CNPH72; 1000 
37.92±7.61

e

 8.06±2.16
g

 33.46±3.66
i

 22.53±1.69
ij

 0.59
g

 

DBT-CNPI;250 
60.09±4.66

c

 17.84±1.56
de

 72.58±7.97
ef

 42.45±3.58
f

 0.71
f

 

DBT-CNPI; 500 
48.03±5.62

d

 10.84±1.99
fg

 48.83±3.51
gh

 33.18±1.98
g

 0.69
f

 

DBT-CNPI; 1000 
       30.88±4.18

e

       8.35±1.22
g

         34.45±1.64
i

    22.71±1.49
ij

 0.74
e

 

*NR         <1.00 

NDBT DBT 
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KIDNEY HISTOLOGY 

Plates 2: Kidney Histology of animals induced with Streptozocin 
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Table 4. Index terms and their summary 

 
Groups Summary 

Liver  

NDBT There is a moderate diffuse vacuolar degeneration of hepatocytes 

DBT There is a severe portal congestion. There is also a diffuse vacuolar degeneration of the 

hepatocytes 

DBT-METFORMIN There is a moderate diffuse vacuolar degeneration of hepatocytes 

DBT-CNE 250 There is a severe diffuse vacuolar degeneration and necrosis of hepatocytes  

DBT-CNE 500 There is a severe diffuse vacuolar degeneration and necrosis of hepatocytes 

DBT-CNE 1000  There is a moderate portal congestion with a severe diffuse vacuolar degeneration and 

necrosis of hepatocytes 

DBT-CNPH24 250 There is a severe portal congestion with a severe diffuse vacuolar degeneration of 

hepatocytes 

DBT-CNPH24 500 There is a moderate diffuse vacuolar degeneration of hepatocytes 

DBT-CNPH24 1000 There is a mild to moderate portal and sinusoidal congestion 

DBT-CNPH48 250 No visible lesions seen 

DBT-CNPH48 500 There are multiple foci of hepatic necrosis with cellular aggregation by mononuclear 

cells 

DBT-CNPH48 1000 There is a moderate portal congestion 

DBT-CNPH72 250 The sinusoids appear expanded/ congested 

DBT-CNPH72 500 There are multiple foci of cellular infiltration <very mild> by mononuclear cells 

DBT-CNPH72 1000 There are multiple foci of hepatic necrosis , with cellular aggregation around the same 

foci 

DBT-CNPI 250 No visible lesions seen. 

DBT-CNPI 500 No visible lesions seen. 

  

 
Group                                   Summary 

 

Kidney 

NDBT No visible lesions seen 

DBT There is a mild congestion of the renal interstitial vessels  

DBT-METFORMIN No visible lesions seen 

DBT-CNE 250 No visible lesions seen 

DBT-CNE 500 No visible lesions seen 

DBT-CNE 1000  No visible lesions seen 

DBT-CNPH24 250 There is a moderate to severe congestion of the renal interstitial vessels  

DBT-CNPH24 500 No visible lesions seen 

DBT-CNPH24 1000 No visible lesions seen 

DBT-CNPH48 250 No visible lesions seen 

DBT-CNPH24 500 Some renal tubules have protein casts in the lumen 

DBT-CNPH24 1000 Some renal tubules have protein casts in the lumen 

DBT-CNPH48 250 No visible lesions seen 

DBT-CNPH48 500 There is a mild to moderate interstitial congestion 

DBT-CNPI 250 Few renal tubules appear degenerated and slightly eroded. 

DBT-CNPI 500 No visible lesions seen 

DBT-CNPI 1000 No visible lesions seen 

 

Conclusion 

The study shows that Conophor nut proteins and ethanolic extract possesses high and potent antioxidant activity which may be responsible 

for their hypoglycemic property and as a result could be used as a nutraceutic.  

Recommendation 

In view of the findings from this study, the following recommendations are therefore proposed that; 

1) Further investigations may be conducted on the optimum fermentation hours required for hydrolysis in the production of protein 

hydrolysates. 

2) Studies should be carried out on the encapsulation of conophor nut proteins and extract for further use as a nutraceutic. 

3) Further investigations may be carried out on possible changes in the micobiome due to the ingestion of the proteins and extract. 

4) Furthermore, clinical study should be conducted to ascertain potency of Conophor nut proteins and extract as a possible 

replacement for synthetic drugs in the management of diabetes in human subject. 



 

 

Acknowledgements 

The Food Chemistry Laboratory of the Department of Food Science and Technology and the Biochemistry Laboratory of the Federal 

University of Technology, Akure are acknowledged for permission granted for the usage of the laboratory. 

 

 

Ethical approval  

The animal experiment adhered to the laws and regulations governing animal usage and was sanctioned by the Ethical Committee of the 
School of Agriculture and Agricultural Technology, Federal University of Technology Akure, Nigeria (approval number 

FUTA/SAAT/2018/021). 

 

 

 

 

References 

1. Akhtar, F. M. & Ali, M. R. (1984). Study of the antidiabetic effect of a compound of medicinal plant 

description in normal and diabetic rabbit. Journal of Pakistan Medical Association, 34, 239- 244 

PMID: 6436541. 

 

2. Roshan, B. & Stanton, R. C. (2013). A story of microalbuminuria and diabetic nephropathy. Journal of 

Nephropathology, 2, 234-240. doi: 10.12860/JNP.2013.37 

 

3. WHO (1980). The WHO Expert Committee on Diabetes Mellitus, Technical Report series, World 

Health Organisation, Geneva. 

 

4. Ali, L., Khan, A. K., Mamun, M. I., Mosihuzzaman, M., Nahar, N., Nure, A. M., & Rokeya, B. (1993). 

Studies on hypoglycemic effects of fruit pulp, seed and whole plant of Momordica charantia on normal 

and diabetic model rats. Plantae Medical, 59(5) 408-412 PMID: 8255932 DOI: 10.1055/s-2006-

959720 

 

5. Sachdewa, A., Nigam, R. & Khemani, L. D. (2001b). Hypoglycemic effect of Hibiscus rosa sinensis L. 

leaf extract in glucose and streptozotocin induced hyperglycemic rats. Indian of Journal Experimental 

Biology, 39, 284-286. 

 

6. Aderibigbe, A. O., Emudianughe, T. S., & Lawal, B. A. (1999). Antihyperglycaemic     

 effect of Mangifera indica in rat. Phytothermal. Resources,13,504-7 doi:              10.1002/(sici)1099-

1573(199909)13:6<504::aid-ptr533>3.0.co;2-9. PMID: 10479762. 

 

7. Ihemeje, A. S., Okorie, U. & Ekwe Charles, C. (2010). Effects of processing methods on the 

biochemical, functional and anti-nutritional properties of African walnut (Tetracarpidium 

conophorum)‖, Journal of Biological Science and Bioconversation, 4: 55-60. 

 

8. Ojobor, C. C., Anosike, C.A., & Ani, C. C. (2015). Studies on the phytochemical and nutritional 

properties of Tetracarpidium conophorum (Black walnut) seeds. Journal of Global Bioscience, 4(2), 

1366 – 1372. 

 

9. Onawumi, O. O. E., Faboya, O. O. P. & Ayoola, P. B. (2013). Chemical evaluation and nutritive values 

of African walnut leaf (Plukeneta conophora Mull. Arg), International Journal of Herbal Medicine, 1 

(3), 122 – 126, 2013. 

 

10. Ajaiyeoba, E .O.  & Fadare, D. A. (2006). Antimicrobial potential of extracts and fractions of the 

African walnut (Tetracarpidium conophorum), Africa Journal Biotechnology, 5(22), 2322 – 2326. 

 

11. Chauhan, N., Wang, K. C., Weigel, J. & Malik, M. N. (2004). Walnut extract inhibits the fibrilization 

of myloid beta protein and defribrillizes its pre informed fibrils, Current Alzhe Resources, 1(3), 183 – 

188. 

 

12. Butt, M. S., & Sultan, M. T. (2013). Selected Functional Foods for Potential in Disease Treatment and 

Their Regulatory Issues, International Journal of Food Properties, 16(2), 397-415. 

DOI: 10.1080/10942912.2010.551313 

 

https://doi.org/10.12860%2FJNP.2013.37
https://doi.org/10.1055/s-2006-959720
https://doi.org/10.1055/s-2006-959720
https://doi.org/10.1080/10942912.2010.551313


 

 

13. Maiti, R., Jana, D., Das, U. K., & Ghosh, D. (2004). Antidiabetic effect of aqueous extract of seed of 

Tamarindus indica in streptozotocin induced diabetic rats. Journal of Ethnopharmacology, 92, 85 – 91. 

DOI: 10.1016/j.jep.2004.02.002 

 

14. Rajat, S., Manisha, S., Robin, S., & Sunil, K. (2012). Nutraceutical: A Review, International Journal 

of Pharmacy, 3(4), 2230-8407. 

 

15. Van Loon, L. J.; Kruijshoop, M.; Menheere, P. P.; Wagenmakers, A. J.; Saris, W. H., & Keizer, H. A. 

(2003). Amino Acid Ingestion Strongly Enhances Insulin Secretion in Patients with Long-Term Type 2 

Diabetes. Diabetes Care. 26, 625–630.DOI: 10.2337/diacare.26.3.625 

 

16. Barber, L. & Obinna-Echem, P. (2016). Nutrient composition, physical and sensory properties of 

wheat-African walnut cookies. Sky Journal of Food Science and Technology. 5, 24-30. 

 

17. Gbadamosi, S. O., Abiose, S. H. and Aluko, R. E. (2012). Amino acid profile, protein digestibility, 

thermal and functional properties of Conophor nut (Tetracarpidium conophorum) defatted flour, 

protein concentrate and isolates. International Journal of Food Science and Technology, 47, 731-739. 

 

18. Wang, N., Le, G., Shi, Y., & Zeng, Y. (2014). Production of Bioactive Peptides from Soybean Meal by 

Solid State Fermentation with Lactic Acid Bacteria and Protease, Advance Journal of Food Science 

and Technology, 6(9), 1080-1085. DOI:10.19026/ajfst.6.163.  

 

19. Jakopič, J., Veberic, R., & Stampar, F. (2009). Extraction of phenolic compounds from green walnut 

fruits in different solvents. Acta agriculturae Slovenica. 93.  DOI:10.2478/v10014-009-0002-4. 

 

20. Qian, C., Zhu, C., Yu, W., Jiang, X., & Zhang, F. (2015). High-fat diet/low-dose streptozotocininduced 

type 2 diabetes in rats impacts osteogenesis and Wnt signaling in bone marrow stromal cells. PLoS 

ONE, 10(8), Article e0136390. 10.1371/journal.pone.0136390 

 

21. Reitman, S., & Frankel, S. (1957). A colorimetric method for the determination of serum glutamic 

oxaloacetic and glutamic pyruvic transaminase. American Journal of Clinical Pathology, 28, 56–63. 

doi: 10.1093/ajcp/28.1.56. 

22. Talke, H. & Schubert, G.E. (1965) Enzymatic Determination of Urea Using the Coupled Urease-

GLDH Enzyme System. Mediators of Inflammation, 43, 174-176 

http://dx.doi.org/10.1007/BF01484513. 

 

23. Newman, L. S., Duff, K. J., Baumeister, R. F. (1997). A new look at defensive  

projection: thought suppression, accessibility, and biased person perception. Journal  

Personlality Social Psychology. 1997 May;72(5):980-1001. 

 

24. Gandhi, R., Laroni, A., & Weiner, H. L. (2010). Role of the innate immune system in the pathogenesis 

of 12 multiple sclerosis, Journal of Neuroimmunology. 221, 7–14. 

doi: 10.1016/j.jneuroim.2009.10.015. 

 

25. Natt, M. P., & Herrick, C. A. (1952). A new blood diluent for counting the erythrocytes and leucocytes 

of the chicken. Poultry Science, 31(4), 735–738. doi: 10.3382/ps.0310735 

 

26. Ashafa, T., Yakubu, M. T., Grierson, D. S. & Afolayan, A. J. (2009). Toxicological evaluation of the 

aqueous extract of Felicia muricata Thunb. leaves in Wistar rats, African Journal of Biotechnology, 8 

(6), 949-954. 

 

27. Muhammad, N. O., Adeyina, A. O., & Peters, O. M. (2000). Nutritional evaluation of fungi treated 

cocoa bean shell. Nigerian Journal of Pure Applied Science, 15, 1059–1064. 

 

     28. Roberts, R., Golding, J., Towell, T., Reid, S., Woodford, S., Vetere, A., & Weinreb, I. (2000). Mental 

and physical health in students: the role of economic circumstances. British Journal of Health 

Psychology, 5(3): 289-297. DOI:10.1348/135910700168928 

https://doi.org/10.1016/j.jep.2004.02.002
https://doi.org/10.2337/diacare.26.3.625
http://dx.doi.org/10.19026/ajfst.6.163
http://dx.doi.org/10.1007/BF01484513
https://doi.org/10.1016%2Fj.jneuroim.2009.10.015
http://dx.doi.org/10.1348/135910700168928


 

 

29. Ijarotimi, O.S., & Keshinro, O.O. (2012) Formulation and Nutritional Quality of Infant Formula 

Produced from Germinated Popcorn, Bambara Groundnut and African Locust Bean Flour. Journal of 

Microbiology, Biotechnology and Food Sciences, 1, 1358-1388. 

   30. Gerner, R. R., Wieser, V., Moschen, A. R., & Tilg, H. (2013). Metabolic inflammation: role of 

cytokines in the crosstalk between adipose tissue and liver. Canadian Journal of Physiology and 

Pharmacology, 91, 867-872.DOI: 10.1139/cjpp-2013-0050 

   31. Essiet, G.A.; Eko, O.W.; Udoh ,E.S.; Umoren, A.I.; Anwankwo, M.U., & Okwesile, C. N. 

(2020).Hematological Indices of Diabetic Rats Treated with Crude Extract and Fractions of Lasianthera 

Africana Leaf. African Journal of Health Sciences, 33(6), 53-64.  

   32. Sheela, C. G. & Augusti, K. T. (1992). Antidiabetic effects of S-allyl cysteine sulphoxide isolated from 

garlic Allium sativum Linn. Indian Journal of Experimental Biology, 30(6), 523-526.  

 

33.  Zheng, K. Y. Z., Choi, R. C. Y., Xie, H. Q. H., Cheung, A. W. H., Guo, A. J. Y., Leung, K., Chen, V. 

P., Bi, C. W. C., Zhu, K. Y., Chan, G. K. L., Fu, Q., Lau, D. T. W., Dong, T. T. X., Zhao, K. J., & 

Tsim, K. W. K. (2010). The expression of erythropoietin triggered by danggui buxue tang, a Chinese 

herbal decoction prepared from radix Astragali and radix Angelicae Sinensis, is mediated by the 

hypoxiainducible factor in cultured HEK293T cells. Journal of Ethnopharmacology, 132(1), 259-267.  

 

34. Muhammad, N.O., Akolade, J. O., Usman, L.A., & Oloyede, O. B. (2012). Haematological Parameters 

of Alloxan-Induced Diabetic Rats Treated with Leaf Essential Oil of Hoslundia Opposita (Vahl). 

EXCLI Journal. 11, 670-676. 

   35. Vozarova, B., Weyer, C., Lindsay, R. S., Pratley, R. E., Bogardus, C., & Tataranni, P. A. (2002). High 

white Blood cell count is associated with a worsening of insulin sensitivity and predicts the 

Development of type 2 diabetes. Diabetes, 51: 455-461. DOI: 10.2337/diabetes.51.2.455 

36. Hawkins, E. D., Turner, M. L., Dowling, M. R., van Gend, C., & Hodgkin, P.D. (2007). A model of 

immune regulation as a consequence of randomized lymphocyte division and death times. Proceedings 

of the National Academy of Sciences of the United States of America 2007. 104 (12), 5032-5037. doi: 

10.1073/pnas.0700026104 

 

   37. Liguori, I., Russo, G., Curcio, F., Bulli, G., Aran, L., Della-Morte, D., & Abete, P. (2018). Oxidative 

stress, aging, and diseases. Clinical Interventions in Aging, 13; 757–772. 

https://doi.org/10.2147/CIA.S158513. 

   38. Lapena, D., Ciofani, G., Calafiore, A. M., Cipollone, F., & Porreca, E. (2018). Impaired glutathione 

related anti-oxidant defences in the arterial tissue of diabetic patients. Free Radical Biology and 

Medicine, 124, 525–531. DOI: 10.1016/j.freeradbiomed.2018.06.033. 

39. Kappus H. (1985). Lipid peroxidation: mechanisms, analysis, enzymology and biological relevance. In: 

Sies H, editor. Oxidative stress. London: Academic Press. 

   40. Chelikani,  P., Fita, I., & Loewen, P. C. (2004). Diversity of structure and properties among catalases. 

Cell Molecular of Life Science, 61(2), 192–208. DOI: 10.1007/s00018-003-3206-5 

   41. Mates, J. M., Perez-Gomez, C., & Nunez de, C. I.  (1999). Antioxidant enzymes and human diseases. 

Clinical  Chemistry, 32(8), 595–603. DOI: 10.1016/s0009-9120(99)00075-2 

   42. Packer, L., Tritschler, H. J. & Wessel, K. (1997). Neuroprotection by the metabolic antioxidant alpha-

lipoic acid. Free Radical of Biological Medical, 22(1–2), 359–378. doi: 10.1016/s0891-5849(96)00269-

9 

 

   43. Arivazhagan, S., Balasenthil, S. & Nagini S. (2000). Garlic leaf extracts enhance hepatic glutathione 

and glutathione dependent enzymes during N-methyl-Nnitrosoguanidine (MNNG)-induced gastric 

carcinogenesis. Phytotherapy Research, 14(4), 291–3. https://doi.org/10.1002/1099-1573. 

    44. Ji, X., Zhang, P., Armstrong, R. N., & Gilliland G. L. (1992). The three-dimensional structure of a 

glutathione S-transferase from the mu gene class. Structural analysis of the binary complex of 

https://doi.org/10.1139/cjpp-2013-0050
https://doi.org/10.2337/diabetes.51.2.455
https://doi.org/10.1016/j.freeradbiomed.2018.06.033
https://doi.org/10.1007/s00018-003-3206-5
https://doi.org/10.1016/s0009-9120(99)00075-2
https://doi.org/10.1002/1099-1573


 

 

isoenzyme 3-3 and glutathione at 2.2-A resolution. Biochemistry, 1, 10169-10184. doi: 

10.1021/bi00157a004 

 

   45. Semiz, A. & Sen, A. (2007). Antioxidant and chemoprotective properties of Momordica charantia L. 

(bitter melon) fruit extract. African Journal of Biotechnology, 6, 273-7. 

46. Andallu, B. & Varadacharyulu, N. C. (2003). Antioxidant role of mulberry leaves in streptozotocin-

diabetic rats. Clinical Chim Acta, 338, 3. DOI: 10.1016/s0009-8981(03)00322-x 

47. Oh, P. S., Lee, S. J., & Lim, K. T. (2006). Hypolipidemic and antioxydative effects of the plant 

glycoprotein (36 kDa) from Rhus verniciflua stokes fruit in triton Wr-1339 induced hyperlipidemic 

mice. Bioscience of Biotechnological, Biochemistry, 70(2):447–56. doi: 10.1271/bbb.70.447. 

48. Hassan, H. M. (1988). Biosynthesis and regulation of superoxide dismutases. Free Radical Biological 

Medicine, 5(6), 377–85. https://doi.org/10.1016/0891-5849(88)90111-6 

   49. Singh, .J., Budhiraja, S., Lal, H., & Arora, B.R. (2006). Renoprotection by Telmisartan Versus 

Benazepril in Streptozotocin Induced Diabetic Nephropathy. Iranian Journal of Pharmacology. 5:135-

139. 

 

   50. Kadian,. S., Mahadevan, N., & Balakumar, P. (2013). Differential Effects of Low-Dose Fenofibrate 

Treatment in Diabetic Rats with Early Onset Nephropathy and Established Nephropathy. Eur opean 

Journal of Pharmacology. 698, 388-396. doi: 10.1016/j.ejphar.2012.10.012. 

   51. Amartey, N. A. A., Nsiah, K., & Mensah, F. O. (2015). Plasma levels of uric acid, urea and creatinine in 

diabetes who visit the clinical analysis laboratory (Can-Lab) at Kwame Kkrumah University of Science 

and Technology, Kumasi, Ghana. Journal of Clinical Diagnosis Research, 9(2), BC05–BC09. doi: 

10.7860/JCDR/2015/10905.5530.  

52. Aliyu, A. B., Achika, J. I., Adewuyi, J. A., Gangas, P., Ibrahim, H., &  Oyewale, A. O. (2019). 

Antioxidants from Nigerian Medicinal Plants: What Are the Evidence? (Lipid Peroxidation Research). 

IntechOpen. 10.5772/intechopen.844542. 

   53. Aliyu, R., Adebayo, A. H., Gatsing, D., & Garba, I. H. (2006). The effects of ethanolic leaf extract of  

Commiphora Africana (Burseraceae) on rat liver and kidney functions. Journal of Pharmacology and 

Toxicology, 2, 373–379. DOI: 10.3923/jpt.2007.373.379. 

    54. Parmar, K. S., Singh, G. K., Gupta, G. P., Pathak, T., & Nayak, S. (2016). Evaluation of  De Ritis ratio 

in liver-associated diseases.International Journal of Medical Science and Public Health. 5(9), 1782–

1788. DOI:10.5455/ijmsph.2016.24122015322 

   55. Asagba, S. O., Kadiri, H. E., &  Ezedom, T. (2019). Biochemical changes in diabetic rats treated with 

ethanolic extract of Chysophyllum albidum fruit-skin. The Journal of  Basic and Applied Zoology. 80, 

42. https://doi.org/10.1186/s41936-019-0118-y 

   

   56. Rajesh, M., & Sreenivas, S. A. (2011). Ant-diabetic effects of aqueous ethanolic extract of Hibiscus 

rosasinensis L on streptozotocin-induced diabetic rats and the possible morphologic changes in the 

liver and kidney. International Journal of Pharmacology. 7, 363–369. DOI: 10.3923/ijp.2011.363.369 

 

 

 

 

 

 

 

 

https://doi.org/10.1016/s0009-8981(03)00322-x
https://doi.org/10.1016/0891-5849(88)90111-6
https://doi.org/10.3923/jpt.2007.373.379
http://dx.doi.org/10.5455/ijmsph.2016.24122015322
https://doi.org/10.1186/s41936-019-0118-y
https://doi.org/10.3923/ijp.2011.363.369


 

 

 

 

 

 

 

 

 

 

 
 
 


