


THE EFFECTS OF STARVATION- INDUCED STRESS WITH G.KOLA EXTRACTS AND KETOGENIC DIET ON SOME OXIDATIVE STRESS MARKERS IN MALE WISTAR RATS

ABSTRACT
Aim/Objective: This study investigated the Effects of Induced starvation with G.Kola extracts and ketogenic diet on oxidative stress markers. Methods: A total of 49 wistar rats acclimatized for two weeks weighing between 145-161g were used for this study. The KD was prepared using 1kg margarine versus 1kg normal feeds mixed together while the oxidative stress markers were determine by spectrophotometric approach. Results: The findings from this study shows decrease in MDA among groups administered 25mg (0.006808µmol/ml) but however increases at 50mg (0.0082 µmol/ml) and 100mg (0.008235 µmol/ml) G.Kola extract doses compared with control (0.007527 µmol/ml).Also, regarding SOD there was a decrease at 25mg(1.764µ/ml) dose with no changes at 50mg whereas there was an increase at 100mg/kg(1.772µ/l) in comparison with the control group though not significant. Further observation from this study shows a high level of MDA among group fed with ketogenic diet (0.0081 µmol/ml) compared with the control (0.0075 µmol/ml) respectively. The level of MDA continue to increase among the 9hrs starved group (0.011095 µmol/ml) (control: 0.006865 µmol/ml) and the 18hrs group of (0.00922 µmol/ml) above that of the control (0.009188 µmol/ml) though not significant.Moreso, there was an increase that is not significant in SOD among ketogenic fed group without starvation (1.771µ/ml) in relation to control (1.769µ/ml) and the 9hrs starvation group (1.785µ/ml) (1.767µ/ml). However we observed a decline in 18hrs starved group(1.761µ/ml) compared with control of (1.770µ/ml) in SOD with no significant values. A weak positive correlation was observed in SOD versus the change in body weight among groups fed with ketogenic diet while a strong negative significant correlation between MDA and body weight was observed with r-value of -0.5917 and p value of 0.02. Conclusion: Ketogenic fed diet increases oxidative stress markers such as MDA in both non fasting and starvation induced hours. This increase was also observed among G.kola extract consumption groups of 50 and 100mg but however decreases at 25mg dose regimen daily.
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                                                            INTRODUCTION
The imbalance between antioxidant and free radicals in the body cells result in damages to tissues, diseases and aging. The oxidation process is the means through which damages are caused to cells by the molecules of free radicals. Prolong oxidative stress result in gray hair, muscular/joint pains, wrinkles etc. However, the consumption of foods and drugs rich in antioxidants plays a crucial role in countering the effect of the radicals (Gabriele et al.,2017; Natalla,2024).G. kola seed is used to treat diarrhea and liver disease (Iwu et al., 1993; Braide, 1991).It has been used to treat bronchitis, throat infections, and diabetes due to its natural antimicrobial effect. The plant's powdered bark is applied to cancers, malignant tumors, while the latex is applied externally to close fresh wounds to stop sepsis, and internally to treat gonorrhea and other conditions. In Ivory Coast, the seed and bark are used to treat stomach aches, and a bark decoction is used to induce the expulsion of a dead fetus. The bark and roots are used as a remedy for male sexual dysfunction in Sierra Leone. To increase the potency of palm wine, the bark is also added. In Nigeria, a cold-water extract of its roots and bark mixed with salt is used to treat agbo  and ukwala (bronchial asthma or cough) (Adesuyi et al., 2012;Iwu et al., 2014). 
G. kola, belongs to the Clusiaceae family. It is widely cultivated in the eastern region of Nigeria with numerous beneficial components, including B-group vitamins A, C, and E, potassium, iron, fiber, calcium, and numerous antioxidants. To prevent corrosion attack on metallic materials, the inhibitor is typically added in small doses to the pickling acids in flow  pipes, either continuously or sporadically (Roland and Oluwatobilola, 2018). By creating a thick film layer that acts as a barrier between the steel's facial layer and corrosion, the corrosion inhibitors slow down the partial reactions (Oguzie et al., 2013). It is well known that organic plant-based compounds with chemical structures that include polyphenol and heteroatoms can prevent metals from corroding in harsh environments (Asadi et al., 2019; Sananei et al., 2019; Dehghani et al., 2019). Nonetheless, some corrosion mitigation specialists have looked into bitter kola (Garcinia Kola), particularly the seed extract, as a mild steel corrosion inhibitor in acidic environments (Okafor et al., 2007). The antioxidant and anti-inflammatory properties of the active ingredients demonstrate the Bitter Kola Leaf extract's ability to prevent corrosion. Dried leaves typically contain high concentrations of polyphenolic compounds, such as flavonoids and phenolic acids.   
The oleoresin class is one of the phytochemical compounds that have been identified in Garcinia kola. Alkaloids, cardiac glycoside, tannin, and saponins are additional components. Additional phytochemicals, such as 2 hydroxyflavonoids and biflavonoids like kolaflavonone, have been extracted from bitter kola seeds. Additionally, it has been reported that bitter kola contains two new chromanols; garcioic and garcinal, along with tocotrienol (Terashima et al., 2002).The biflavonoids are the more abundant compounds in Garcinia kola, while the kolaflavones are the major components of kolavirons. Because it works well as an antidote for Urinary Tract Infections (UTIs), Garcinia kola is also consumed (Adegbehingbe et al., 2008). According to reports, Garcinia kola protects the liver from heavy metal buildup and a range of experimental hepatotoxins with very little toxicity (Iwalewa et al., 2005;Nwokocha et al., 2011). Antioxidant status in humans has been proposed as a valuable tool for assessing the risk of oxidative damage, to show the dynamic balance between pro-oxidant and antioxidant defense strength (Polidori et al., 2001; Solomon et al.,2024). Polyphenols' potent antioxidant properties are frequently cited as the reason for the health benefits of diets high in them.


                                              MATERIALS AND METHODS
The materials for the KD were purchased in Choba and prepared using 1kg margarine mixed with 1kh normal rat feeds while the G.Kola was bought at the Benin central market. The seeds were weight and measured using electronic scale. The animals for the study were 49 weighing between 145-161g. The determination of the oxidative stress markers was done using spectrophotometric approach using the blood obtained from the research animals.
HYPOTHESIS
The null hypothesis for this study is that: Consumption of normal/ketogenic diet and G. kola extracts does not cause any significant effects on oxidative Stress Markers in male starvation induced stressed rats while the alternate hypothesis is that normal/ketogenic diet and G. kola extracts caused significant effects on Oxidative Stress markers in male starvation induced stressed rats.
                                     [image: ] 
Fig 1: Male wistar rat

Extract of Garcinia kola Seed preparation
The seeds were peeled, cut into smaller sizes and pulverized in a blender to obtain smooth powder and 200g extracted powder in 1000ml of ethanol for 72hrs at room temperature with the resulting filtrate placed in a rotary evaporator and then transfer into a steam bath for evaporation and thereafter obtain the residue. This was further reconstituted using distilled water to achieve the required doses for this study.
                                           EXPERIMENTAL DESIGN
· Group A (Control 1): 24 hours  normal diet and water
                                      No Starvation  
· Group B (Control 2): 24 hours KD and water
·                                        No Starvation  
· Group C: ………….15 hours KD and water
                                     9 hours’ starvation daily
· Group D: ………….6 hours KD and water
                                    18 hours’ starvation daily
· Group E: …………. 25mg kg-1G. kola Extracts (1ml)

· GROUP F: ………… 50mg kg-1G. kola Extracts (1ml)

· GROUP G: …………. 100mg kg-1 G. kola Extract (ml)
Oxidative Markers Analysis
The superoxide dismutase sample activity was analyzed using modified method from Marklund 1974 while the peroxidation level of lipid was indicated by the content of testicular Malondialdehyde with the use of thiobabituric acid reactive substance assay, following the description of Buege & Aust (1978). Thorough mixing of one homogenate volume with two thiobarbituric acid reagent volumes was performed and was then heated for 15 minutes. The clear supernatant absorbance was determined at 535nm.
The statistical analysis was done using spss version 25.0.


                                                                           RESULTS & DISCUSSION
Table 1: Comparing the mean values of body weight and some antioxidant with groups administered ethanolic extract of G. kola of different doses.
	
Parameters 
	Control 
	25mg/kg
	50mg/kg
	100mg/kg
	P value

	Body wt change 
	58.50 ± 7.01
	46.55 ± 0.77
	32.11 ± 4.44
	47.52 ± 3.40
	0.02

	MDA 
	0.007527 ± 0.0009
	0.006808 ± 0.001
	0.008268 ± 0.0004
	0.008235 ± 0.0005
	0.48

	SOD

	1.769 ± 0.010
	1.764 ± 0.021
	1.769 ± 0.012
	1.772 ± 0.008
	0.977


P < 0.05 indicates significant different.
Table 2: Comparing the mean values of body weight and some oxidative markers in Wistar rats fed with normal diet and ketogenic diet.
	Parameters 
	Treatments 
	Control 
	9 Hours Starvation 
	18 Hours Starvation
	

	Wt before (g)
	Normal Diet
	145.0 ± 1.78
	134.0 ± 3.85
	140.0 ± 6.81
	

	
	Ketogenic Diet
	161.3 ± 4.21
	176.3 ± 15.45
	156.8 ± 12.99
	

	
	P-values
	0.0120
	0.0379
	0.2969
	

	Wt after (g)
	Normal Diet
	203.5 ± 5.32
	174.5 ± 7.26
	196.5 ± 9.29
	

	
	Ketogenic Diet
	227.5 ± 6.75
	223.5 ± 23.1
	197.0 ± 19.16
	

	
	P-values
	0.0314
	0.0891
	0.9820
	

	Wt change (g)
	Normal Diet
	58.50 ± 7.01
	40.50 ± 4.11
	56.50 ± 6.65
	

	
	Ketogenic Diet
	66.25 ± 3.07
	47.25 ± 8.26
	40.25 ± 7.32
	

	
	P-values
	0.3500
	0.4920
	0.1515
	

	MDA
	Normal Diet
	0.0075 ± 0.0009
	0.006865 ± 0.002
	0.009188 ± 0.00057
	

	
	Ketogenic Diet
	0.00811 ± 0.0003
	0.01095 ± 0.0006
	0.00922 ± 0.0009
	

	
	P-values
	0.5625
	0.1087
	0.9756
	

	SOD 
	Normal Diet
	1.769 ± 0.010
	1.767 ± 0.0099
	1.770 ± 0.0081
	

	
	Ketogenic Diet
	1.771 ± 0.0069
	1.785 ± 0.0026
	1.761 ± 0.0067
	

	
	P-values
	0.8809
	0.1356
	0.4534
	


	


Fig 2: Effect of G. kola extract on MDA of Wistar rats.
There was no significant decrease in the different doses compared with control.

Fig 3: Effect of G. kola extract on superoxide dismutase of Wistar rats.
There was no significant decrease in the different doses compared with control.

Fig 4: Effect of hours of starvation on the superoxide dismutase of Wistar rats on standard and ketogenic diets
There were no significant changes in group of ketogenic diet for control, 9 hours and 18 hours’ starvation group compared with standard diet.
	
Figure 5: Effect of hours of starvation on the MDA of Wistar rats on standard and ketogenic diets
There were no significant changes in group of ketogenic diet for control, 9 hours and 18 hours’ starvation group compared with standard diet.


 Fig 6: Showed the relationship between body weight change and SOD in ketogenic diet fed rats
There was a weak positive correlation with body weight change and SOD                                                      




Fig7: Showed the relationship between body weight change and MDA in ketogenic diet fed rats
There was a strong significant negative correlation with body weight change and MDA


                                                          
There was a non-significant increase during the 18 hours starvation in MDA when ketogenic diet was administered compared with the control. This predicts that intense and prolonged starvation is associated with marked lipid peroxidation. This study shows that at 25mg G.kola extract administration (0.00680µ/l) doses daily reduces oxidative stress markers when compared with control (0.00752µ/l) (1.769µ/l) group. However at higher doses the concentration of the markers where observed to increase above the control which cause harmful effect to body cells. Malondialdehyde is known to be the most abundant aldehyde resulting from peroxidation of lipid breakdown in biological systems. It is a potent indicator of lipid peroxidation and an indirect indicator of reactive oxygen species (Adienbo et al., 2015). Similar increase was also observed at higher doses as reported from previous studies (Okorodudu et al.,2020).Therefore oxidative lipids like MDA usually introduce a number of products molecule that are usually aldehyde that worsen oxidative destruction in both outside/inside cells to promote aging and reduce life expectancy (Daniele et al.,2005).The increase in stress markers can be decrease with regular engagement in diet intakes rich in antioxidants such as cod liver oil, tigernut, soybean etc as observed from previous studies (Solomon et al.,2022; Solomon et al., 2023;Solomon et al., 2024). 
Testicular oxidative markers among group fed with ketogenic diet shows significant increase in the 9 hours (Moderate) starvation of MDA, which gives an indication of an increased lipid peroxidation that could be triggered by the elevation of reactive oxygen species in the testes and incapability of the antioxidant enzyme activity to protect cell membranes from ROS-induced damage (Asyard et al., 2020) but not in the 18-hours starvation when compared with the Control. This shows the impact of the ketogenic diet and possibly starvation in inducing lipid peroxidation. On the other hand, the absence of significant difference in the Superoxide dismutase when both the 9- and 18-hours starvation were compared to Control in rats fed with Ketogenic diets shows that there was no effect with this parameter. Human studies have observed a significant rise in oxidative stress among residents living in impacted oil communities in river state resulting in both tissues/organ damages accompany with various diseases (Blessing et al.,2023;Okuroemi et al., 2023) 
The curve between weight and SOD plotted shows a weak positive (r=0.3205) correlation while the weight plot against MDA indicate a strong negative correlation with an r value of -0.591 though not significant.

                                                        CONCLUSION
This study shows that ketogenic diet increases oxidative stress markers (MDA) in a 9hrs induced fasting considerably including G.kola doses extract administration extract at 50 and 100mg/kg but however to an extent in 18hrs fasting period in SOD as well with no significant changes in G.kola extract consumption.
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