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CHANGES IN LIPID PROFILE LEVELS AND OXIDATIVE STRESS BIOMARKERS IN  CDCL2-POISONED FEMALE WISTAR RATS TREATED WITH AZANZA GARCKEANA  FRUIT EXTRACT


ABSTRACT
Background: Oxidative stress and hypercholesterolaemia have been indicated to have severe impacts on several diseases including hypertension, diabetes, cancer, etc. As an alternative to the recorded challenges to orthodox medications, there is a huge reliance on medicinal plants for treatments of many ailments. Plants like  Azanza garckeana have been explored as there are report of presence of bioactive substances that may be beneficial.  This study investigated the changes in lipid profile and oxidative stress biomarkers in cadmium induced Female Wistar rats treated with  Azanza garckeana fruit (AGF) extract 

Methods: Thirty adult female Wistar rats were randomly assigned into six groups (n = 6): negative control, CdCl only, , CdCl + AGF (250, 500, and 1000 mg/kg), and simvastatin + simvastatin (100 mg/kg). CdCl2 was  administered for 2 weeks and toxicity confirmed, prior to commencement of treatment with extract + CdCl2 for another 4weeks. At the end of six weeks, Blood samples will be taken by cardiac puncture in a plain bottle (without anticoagulant). Lipif profile and oxidative stress markers were determined by spectrophotometric method using their respective kits. Data were analysed using SPSS (version 27.0). 
Results: The results for lipid profile showed that elevated  total Cholesterol levels (TC),  triglycerides (TG), Low density lipoprotein (LDL) and very low density lipoprotein (VLDL) due to cadmium induction was significantly (p <0.05)  reduced in the  AGF treated groups. High Density Lipoprotien (HDL) levels (1.54 ± 0.03 ) were elevated in the treated groups when compared to the positive control (1.38 ± 0.08)  but not significantly. For oxidative stress makers, GSH, CAT, SOD levels of the negative control were significantly (P<0.05) reduced  while MDA levels were markedly higher in the Cadmium only group. The herbal extract was able to ameliorate the reduction of SOD and CAT by  elevating  the  antioxidant levels towards the levels indicated in the negative control in a more potent manner than the synthetic drug (vitamin E) and also drastically reduced the MDA levels.

Conclusion: The herbal extract, containing hexadecanoic acid, was found to have anti-inflammatory, antioxidant, hypocholesterolemic, and antibacterial properties, which may be attributed to its antioxidant properties. 
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INTRODUCTION
Because Cholesterol is hydrophobic, it cannot dissolve in blood and is instead carried through the bloodstream by lipoproteins, which are lipid and protein conjugates. Lipoproteins are intricate, discoidal particles with proteins on the outside and fat (lipid) on the interior. Phospholipid and Cholesterol comprise the outer single layer shell of lipoproteins. The hydrophilic parts of each molecule are pointed outward, while the lipophilic portions are orientated inward towards the lipid molecules inside the particles. Apolipoproteins are membrane-embedded proteins that certain cell membrane receptors can recognise and bind to. Thus, as earlier described, the complex helps to emulsify the lipids. The blood contains several varieties of lipoproteins. Low density lipoprotien (LDL), intermediate-density lipoproteins (IDL), chylomicrons, and very-low density lipoprotien (VLDL). The density is determined by lower protein and lipid ratios (Duan et al., 2022). 
However, our attention will be directed towards the two categories of bound Cholesterol found in lipoproteins: high density lipoprotien (HDL) and low density lipoprotein (LDL).
 LDL primarily uses blood to carry TG and Cholesterol from the liver to the tissues. About 1,500 Cholesterol ester molecules are present in each one. One particular apolipoprotein B100, found in LDL molecule shells, is recognised by peripheral tissue LDL receptors and taken up by cells via clathrin-coated vesicles via receptor-mediated endocytosis. After then, the Cholesterol can either be esterified and retained inside the cell or used again for membrane biosynthesis. 
High density lipoprotiens (HDL) act as antagonistic carriers. They are involved in the transfer of Cholesterol from tissues to the liver, where it is either eliminated in the intestines or sent to other cells that produce hormones. The term reverse cholesterol transport (RCT) describes this process. On the other hand, HDL encourages the evacuation of excess Cholesterol, including arterial plaques, whereas LDL and VLDL transport Cholesterol to the cells and aid in the accumulation of fat in the vessel. HDL is the so-called good Cholesterol; bad Cholesterol is represented by VLDL and LDL. 
Harmful effects of Cholesterol
Although, Cholesterol is a significant component of the cell membrane, involved in cell interior movements, cell signalling, and nerve transmission and also serves as a precursor molecule for a variety of metabolic reactions accumulation may lead to hypercholesterlaemia.   Hyper-cholesterolemia is an increase in blood Cholesterol levels, linked to cardiovascular conditions and raised chances of coronary disorders. It is caused by LDL particles blocking arteries, leading to fatty deposits and artery stiffening. Hypocholesterolemia, on the other hand, is a low Cholesterol level, linked to brain damage, cancer, and depression, often due to a genetic abnormality in Cholesterol synthesis. Total Cholesterol under 200mg/dL LDL (the bad cholesterol) under 100mg/dL HDL (the good Cholesterol) over 40 mg/dL TG,  under 150 mg/dL is recommended for healthy life.
Even in the absence of disease conditions, at five years intervals, individuals should have their fasting lipid limits screened. Just the level of Cholesterol can be of great diagnostic relevance. While frequently referred to as abnormal lipid metabolism, it is often associated  with obesity and cardiovascular diseases, recent studies have shown that dyslipidemia may express itself in infertile subjects devoid obesity (Legro et  al., 2001; Wild et  al., 2011).  Various researchers have come up with the report that high calorie intake (High Fat diet) could result in dyslipidemia and also reproductive alterations (Newell-Fugate  et  al., 2014). 
To evaluate one's health, the blood lipid profile—which includes TG, total Cholesterol, HDL(High density lipoprotien) Cholesterol, and LDL(Low density lipoprotein)  Chosterol—must be determined.
Evaluation of lipid profiles is typically strongly correlated with cardiovascular disease risk. Elevations in total Chosterol, LDL cholesterol, and TG, along with a reduction in HDL cholesterol, are linked to an increased risk of hypertension, heart attacks, and strokes. When lipid profile results are within the expected range, the risk of developing cardiovascular diseases is decreased. 
A healthy person should assess their lipid profile on a yearly basis as part of a health screening programme. Individuals who take medication to lower their Cholesterol levels should regularly assess their lipid profiles to make sure their dosage is appropriate.
What is oxidative stress?
When scientists describe oxidative stress, they often use a seesaw as an analogy. On one end of the seesaw are antioxidants. On the other are molecules called reactive oxygen species, or ROS for short. ROS are formed when a molecule’s electrons go rogue. Electrons are tiny, negatively charged subatomic particles found in all atoms that usually come in pairs. In their paired state, they are relatively stable and nonreactive, which means they don’t interact with other molecules in the body and thus don’t trigger any unwanted processes. Occasionally, one electron breaks free of its pair, or, most often, electrons leak out from parts of the cell that harbor many of them. For example, mitochondria, the cell’s energy-producing powerhouses, are rife with electrons. These unpaired electrons can occasionally bind up with other molecules, like nitrogen or oxygen. Armed with that extra, rogue electron, these molecules become reactive—that is, capable of interacting with other molecules and sparking downstream effects. When nitrogen picks up an extra electron, it’s called a reactive nitrogen species (RNS); when oxygen does this, it’s called a reactive oxygen species (ROS) (Agarwal, 2012).    .
In normal circumstances, ROS are created when cells manufacture energy within the mitochondria. Antioxidants, both produced by the body and obtained through certain foods, can manage ROS in several ways, from scavenging up ROS and rendering them harmless to breaking chemical chain reactions that produce extra ROS. In short, they can work at several different levels to stop ROS from proliferating and causing damage. To go back to the seesaw analogy: ROS and antioxidants typically exist in a state of balance. ROS become dangerous when they either accumulate or become entirely depleted. High concentrations of ROS can damage proteins, fats, or nucleic acids (like those found in DNA) and lead to cell death. Especially low concentrations of ROS may also derail healthy cell signaling pathways. In these cases, the seesaw tilts too far in either direction. This unbalanced state is called oxidative stress.
The imbalance between ROS and antioxidants can create conditions inside the body that lead to disease. For example, excess ROS allows cancer cells to thrive in the body.
In other cases, when ROS overwhelms antioxidant systems, it can lead to heart disease. ROS can bind with LDL (sometimes called “bad” cholesterol), the resulting “oxidized LDL” can kill certain cells within arteries or attract different types of cells into the vasculature, leading to the formation of a tough, more advanced form of plaque, which causes the arteries to narrow (Agarwal et al., 2004, Cemile et al., 2016).
ROS arise due to ultraviolet radiation, cigarettes, alcohol, drugs, prolonged exposure to surrounding pollutants (Stobiecka et al., 2012). Some of them are not harmful but help to kill foreign invaders in the body. These ROS in  pathogenic defenses are generated by  neutrophils and macrophages (Kraaij et  al., 2010) at inflammatory episodes and other typical cases of  cellular metabolic functions. They may be in  excess amounts and are  not counteracted due  to  scanty anti-oxidant response. Because these   free radicals are unstable, they are capable of stealing electrons from other molecules (including DNA, protein or lipid) for them to become stabilized. On the verge to make themselves stable, they destabilize other molecules resulting in disease conditions, including gene mutations, cancers, cardiovascular diseases, inflammatory diseases, neurodegenerative diseases, etc. 


Evaluation and Management of Oxidative stress 
Assesment of the oxidative stress status and quantification of antioxidants in a person’s blood provides the ‘oxidative stress index’ which determines the harmony between the oxidative stress (pro-oxidant) and antioxidants.  The methods commonly used are;
 (1) Measurement of the free radicals themselves, 
(2) Detection of oxidized DNA and lipids, and
 (3) Quantifying of Antioxidants 
 (Noriko & Hiro, 2001).
These antioxidants examined in plasma such as; glutathione, catalase, cysteine, glutathione peroxidase, MDA, lipid peroxides, superoxide-dismutase replace lost electron of the free radicals in a reduction reaction thereby neutralizing them (Ramón, Jaime & Fabio, 2010).  Most leafy foods have high constituents of antioxidants, capable of doing same.  (Ojo et al., 2005).
Azanza garckeana ,commonly known as GoronTula is  an edible fruit in Northern Nigeria that has been indicated to have so much dietary and medicinal uses with significant antioxidant properties. The fruits are edible  and are most useful. They are eaten while slightly green or ripe or dried and reconstituited later. (Mojeremane &Tshweneyare 2004). The pulp is chewed like a chewing gum and produces a sweet glutinous taste (Jacob et al., 2016). They can be soaked in a small amount of water to form jelly or boiled and made into porridge. The leaves are also eaten as vegetable (Ochokwu et al., 2015). The bark, fruits, leaves, roots and stems of A. garckeana have been reported to possess medicinal properties, and are used to manage/treat diseases in areas where the plant is found. Sequel to the foregoing, it is obvious that the extracts of Azanza garckeana may be a highly promising nutraceutic/therapeutic agent that needs more in depth exploration,  particularly on it’s antioxidant and act as an antedot for hypercholesterolaemia. Thus, this proposed study shall set out to explore the beneficial or therapeutic potentials of the hydromethanolic fruit pulp extract of Azanza garckeana on oxidative stress and lipid profiles of cadmium chloride intoxicated female Wistar rats.

2. METHODS
[bookmark: _Toc180501670]2.1 Research Design
The present study was a laboratory based experimental study using Wistar rat models. The work was carried out in the department of Human Physiology, Faculty of Basic Medical Sciences, University of Port Harcourt. 
[bookmark: _Toc180501671]2.2. Acquisition and Preparation of Azanza  garckeana Fruit Pulp 
The Town, Tula, in the Kaltungo Local Government Area of Gombe State is known for its abundance of Azanza  garckeana fruit; the plant for the study was procured from same location. Upon arrival, a Plant taxonomist, Dr. Ekeke Chemezie of the University of Port Harcourt's Herbarium, identified and verified the plant. Samples for voucher number was deposited and the number, UPH/P/414 was obtained. After the fruit pulps and seeds were separated, they were allowed to air dry at room temperature (37OC). A grinding machine was then used to pulverize the pulp. To create a homogenous mixture, the ground fruit pulp was immersed in a 70:30 v/v ratio of ethanol to water, and the mixture was periodically stirred. In a rotary evaporator set at 60 degrees Celsius, the mixture was filtered and concentrated. Before being used, the extract was chilled to 4oC (Ahmed et al., 2016).
[bookmark: _Toc180501672]2.3. Procurement of Animals and Animal Handling
A total of  36 female wistar rats were procured, allowed access to feed and water ad libitum and allowed to acclimatize for 7 days. Animals were grouped according to their experimental categories and weights. 
The study was carried out according to the guidelines for the care and use of laboratory animals (US NRC, 2019). All precautions were taken to manage the safety and health risks to handlers according to the Animal Handling Safety and Health Procedures (UWA S & H, 2021).
2.4. Study on Oxidative stress Biomarkers and Lipid Profile
Procedures
Total of six (6) groups of five(5) rats each weighing about 200g was used for this study:
· Group 1: Control 
· Group 2: CdCl2 only
· Group 3 A: CdCl2  + 100mg/kg Simvastatin (hypolipidemic) 
· Group 3B: CdCl2  + 100mg/kg Vit. E  (antioxidant )
· Group 4: CdCl2 + 250mg  Azanza  garckeana pulp extract
· Group 5: CdCl2 + 500mg Azanza  garckeana pulp extract
· Group 6: CdCl2 + 1000mg Azanza  garckeana pulp extract
CdCl2 was  administered for 2 weeks and toxicity confirmed, prior to commencement of treatment with extract + CdCl2 for another 4weeks.
[bookmark: _Toc180501674]2.5.  Blood Sample Collection
At the end of six weeks of batch A , blood samples were obtained from the models after sedating them with ether (Okolo et al., 2016). Blood samples will be taken by cardiac puncture in a plain bottle (without anticoagulant).
2.6. Lipid profile determination
Measurement of lipid profile (Triglycerides, total cholesterol, high and low density lipoprotein serum levels). Serum concentrations of total cholesterol, triglycerides and HDL cholesterol were determined by spectrophotometric method using Agape diagnostic kits. 
Low density lipoproteins was calculated thus; LDL-chol. = Total cholesterol – (HDL Chol. + Tryglycerides/5)
2.7. Antioxidant Biomarker Determination
The antioxidants biomarkers determined were; 
Serum Superoxide dismutase, Serum Gluthathione Synthase (GSH), Serun Catalase and Serum Malondialdehyde using their respective  kits following manufacturer’s recommended protocols (Fortres Diagnstics Limited , UK.).
[bookmark: _Toc180501675] 2.8. Method of Data Analysis  
The Statistical Package for Social Sciences (SPSS) version 27.0 was utilized to conduct statistical screening on the data acquired from the current investigation. One-way analysis of variance (ANOVA) and the Post-Hoc multiple comparison were on hand to define statistical significance; a value of p<0.05 was deemed statistically marked. Standard error of mean (SEM) ± mean was used to express the values.
3. RESULTS
Table 1: Lipid Profile Changes in AGF Treated CdCl2-Poisoned Female Wistar Rats 

	Group and Treatment
	TC
(mmol/L)
	TG
(mmol/L)
	HDLP-C
(mmol/ L)
	LDLP-C
(mmol/L)
	VLDLP
(mmol/L)
	AIP

	Group 1: Negative control 
	2.66 ± 0.20
	1.26 ± 0.08
	1.41 ± 0.08
	1.82 ± 0.16
	0.57 ± 0.03
	0.06 ± 0.01

	Group 2: Positive control 
	2.98 ± 0.08 a
	1.30 ± 0.10
	1.38 ± 0.08
	1.98 ± 0.16 
	0.62 ± 0.04
	0.03 ± -0.03

	Group 3:  Simvastatin
	2.70 ± 0.10 b
	1.41 ± 0.07 
	1.54 ± 0.07
	1.79 ± 0.09 
	0.64 ± 0.03 b
	0.09 ± 0.01

	Group 4: 250mg/kgAGF
	2.60 ± 0.07b
	1.35 ± 0.09
	1.42 ± 0.07
	1.73 ± 0.10 b
	0.59 ± 0.04
	0.09 ± 0.02

	Group 5: 500mg/kg AGF
	2.64 ± 0.16 b
	1.40 ± 0.10 
	1.53 ± 0.12
	1.74 ± 0.10 b
	0.64 ± 0.04 b
	0.09 ± 0.01

	Group 6: 1000mg/kg AGF
	2.30 ± 0.12 a, b,c d,  e, 
	1.14 ± 0.09 c, e,f g
	1.54 ± 0.03 
	1.54 ± 0.15 b,c
	0.52 ± 0.04 c, e, g
	0.04 ± 0.03

	
	
	
	
	
	
	

	
	
	
	
	
	
	



Values represent mean ± SEM, n=5; a Significant at p<0.05 when compared to group 1; b Significant at p<0.05 when compared to group 2. c Significant at p<0.05 when compared to group 3; d Significant at p<0.05 when compared to group 4; e Significant at p<0.05 when compared to group 5; f Significant at p<0.05 when compared to group 6. AGF = hydroethanolic extract of Azanza garckeana fruit pulp. TC = Total Cholesterol; TG = Triglyceride; HDL-C = High Density Lipoprotein Cholesterol; LDL-C = Low Density Lipoprotein Cholesterol; VLDL = Very Low Density Lipoprotein; AIP-atherogenic index of pllasma








From the above table showing the results for Lipid Profile Changes in AGF Treated CdCl2-Poisoned Female Wistar Rats;
The Total Cholesterol (TC) values for group 2 and 6(CdCl2 only and CdCl2 + 1000mg/kg AGF  respectively) was significantly (p<0.05) increased and reduced respectively when compared with group 1(negative control). Group 4-6 (treated CdCl2 + 250mg/kg AGF, CdCl2 + 500mg/kg AGF, CdCl2 + 1000mg/kg AGF) were significantly (p<0.05) reduced when compared to group 2 (positive control) respectively. The values of group 6 (CdCl2 + 1000mg/kg AGF )were significantly (p<0.05) reduced when compared to groups 3- 6 (CdCl2 + Simvastatin, CdCl2 + 250mg/kg AGF, CdCl2 + 500mg/kg AGF,  CdCl2 + 500mg/kg AGF) respectively.
For Triglceride levels, the values of group 6 (CdCl2 + 1000mg/kg AGF ) is significantly reduced when compared to group 3-5 (CdCl2 + Simvastatin, CdCl2 + 250mg/kg AGF, CdCl2 + 500mg/kg AGF,  CdCl2 + 500mg/kg AGF) respectively. The values of other groups were not significantly different when compared with each other . however there was graded reduction in values compared to group 2 (positive control).
High density lipo-protein cholesterol (HDL-C) levels were increased in a graded manner from group 3-6 compared to group 2. However, there was no significant (p<0.05) difference when the various groups were compared with each other. 
Low density lipo proteins (LDL-C) levels  were significantly reduced in group 4,5and 6 (CdCl2 + 250mg/kg AGF, CdCl2 + 500mg/kg AGF and CdCl2 + 1000mg/kg AGF) when compared to group 2 (positive control) respectively. There was no significant difference when the various groups for atherogenic index of plasma (AIP) were compared with each other.
[bookmark: _Toc180501698][bookmark: _Toc180501743]Table 2: Oxidative stress biomakers in AGF treated female Wistar rats exposed to cadmium chloride (CdCl2).

	Groups/Treatment(s)
	GSH (ug/l)
	CAT (u/g)
	SOD (u/ul)
	
MDA 

	Group 1: Negative control 	(untreated rats)

	1.47 ± 0.25
	4.12 ± 0.73
	0.33 ± 0.07
	0.42 ±  0.06

	Group 2: Positive control (CdCl2 only treated rats)

	0.85 ± 0.05 a
	1.87 ± 0.61 a
	0.24 ± 0.03 a
	0.53 ± 0.03 a

	Group 3: CdCl2 + Vitamin E

	1.07 ± 0.07 a
	2.52 ± 0.33 a, 
	0.18 ± 0.02 a
	0.57 ± 0.02 a

	Group 4: CdCl2 + 250mg/kg AGF 

	1.42 ± 0.07 b 
	3.21 ± 0.29 b
	0.33 ± 0.05 b,c
	0.47 ± 0.06 c

	Group 5: CdCl2 + 500mg/kg AGF

	0.94 ± 0.07 a, d
	3.24 ± 0.51 b
	0.21 ± 0.01 a, d
	0.53 ± 0.01 a

	Group 6: CdCl2 + 1000mg/kg AGF
	1.70 ± 0.11 b, c, , e
	2.63 ± 0.35 a, 
	0.36 ± 0.04 b, c, e
	0.39 ± 0.03 b, c,  e


Values represent mean ± SEM, n=5; a Significant at p<0.05 when compared to group 1;  b Significant at p<0.05 when compared to group 2. c Significant at p<0.05 when compared to group 3; d Significant at p<0.05 when compared to group 4; e Significant at p<0.05 when compared to group 5; fSignificant at p<0.05 when compared to group 6.
.



Table 2. above shows the  results  of Effect of hydroethanolic extract of Azanza garckeana fruit pulp (AGF) on oxidative stress in female Wistar rats exposed to cadmium chloride(CdCl2).
The results for Gluthathione Synthase  (GSH) indicated that the values for  groups 2, 3and 5  (CdCl2 only , CdCl2 + Vitamin E and  CdCl2 + 500mg/kg AGF) were significantly (p<0.05) reduced compared to group 1 (negative control). The levels of GSH in group 4 and 6 (CdCl2 + 250mg/kg AG-F  and CdCl2 + 1000mg/kg AGF) were significantly (p<0.05) increased compared to the values of group 2 (CdCl2 only). The values of group 5 (CdCl2 + 500mg/kg AGF ) were significantly (p<0.05) reduced when compared to the values of group 4 (CdCl2 + 250mg/kg AGF). The values of group 6 (CdCl2 + 1000mg/kg AGF) were significantly(p<0.05) increased when compared to groups 3 and 5 (CdCl2 + Vitamin E  and CdCl2 + 500mg/kg AG-F) respectively.
Catalase levels for group 2, 3 and 6 (CdCl2 only , CdCl2 + Vitamin E and  CdCl2 + 1000mg/kg AGF) were significantly(p<0.05) reduced when compared with group 1 (negative control). The degree of reduction is as follows; group 6 > group 3 > group 2. The values of group 4 and 5 (CdCl2 + 250mg/kg AGF and CdCl2 + 500mg/kg AGF ) were significantly (p<0.05) increased when compared to group 2 (CdCl2 only) respectively. 
Supperoxide Dismutase levels showed a significant (p<0.05) decrease in the values of group 2, 3 and 5 (CdCl2 only , CdCl2 + Vitamin E and CdCl2 + 500mg/kg AGF ) when compared to group 1 (negative control). The values of group 6 (CdCl2 + 1000mg/kg AGF) were significantly (p<0.05) increaseed when compared to group 2 (CdCl2 only). The values of group 4 and 6 (CdCl2 + 250mg/kg AGF  and CdCl2 + 1000mg/kg  AGF)were significantly (p<0.05) were significantly (p<0.05) increased when compared to group 3  (CdCl2 + Vitamin E)  respectively. The values of group 5 (500mg/kg AGF) were significantly (p<0.05) increased when compared to group 4 (250mg/kg AGF) and also group 6 (1000mg/kg AGF) values were significantly (p<0.05) increased when compared to group 5 (500mg/kg AGF).
For malondialdehyde; the values of groups 2,3 and 5 (CdCl2 only , CdCl2 + Vitamin E and CdCl2 + 500mg/kg AGF ) were significantly (p<0.05) increased when compared to the negative control (Group 1). The values of group 6 (CdCl2 + 1000mg/kg AGF) was significantly (p<0.05) decreased when compared to group 2 (CdCl2 only). The values of group 4 and 6 (250mg/kg AGF and CdCl2 + 1000mg/kg  AGF respectively) were significantly (p<0.05) decreased when compared to group 3 (CdCl2 + Vitamin E)  . The values of group 6 (1000mg/kg  AGF) was significantly (p<0.05) reduced when compared to group 5 (500mg/kg AGF).
4.  DISCUSSION 
Lipid profile levels in cadmium induced female wistar rats treated with   hydroethanol extract of AGF 
The results for lipid profile showed that total Cholesterol levels  in the positive control group was significantly (p <0.05) elevated when induced with cadmium chloride. TG, low density lipoprotein and very low density lipoprotein were also elevated due to cadmium induction while high density lipoprotien was reduced although not significant (p>0.05). This is in line with Famurewa and Ejezie, (2018), Prabu et al., (2013) and Zhou et al., (2016). The total Cholesterol levels were  markedly (p<0.05) reduced in the  AGF treated groups .  Triglyceride levels were elevated  in the low and medium dose ( 250mg/kg and 500mg/kg) although not marked. While the high dose( 1000mg/kg) was able to reduce the triglyceride level likened to the positive control. The levels of LDL were markedly reduced in the AGF treated groups when likened to the positive control. While VLDL was also reduced in the groups treated with high dose AGF (1000mg/kg). HDL levels were elevated in the treated groups when compared to the positive control  but not significantly. These results are in line with Yusuf et al., (2023) .
These hypocholesterolemic activities could be due to the synergistic effect of five most abundant compounds found in the herbal extract, especially octadecanoic acid which has a near equal binding affinity for HMG-CoA reductase receptor with the standard drug. (Udegbunam et al., 2017; Fa-rong et al., 2005). 
Changes in Oxidative stress Biomarkers in cadmium induced female wistr rats treated with  Azanza garckeana fruit (AGF) extract. 
For oxidative stress makers, GSH, CAT, SOD levels of the negative control were significantly (P<0.05) reduced  while MDA levels were markedly higher in the Cadmium only group.   This is in line with a research work done by  Ruslee et al., (2020), titled ‘Protective effect of Tualang honey against cadmium-induced morphological abnormalities and oxidative stress in the ovary of rats’.  According to them, the rats showed marked build up of oxidative stress with increased malondialdehyde (MDA) and decreased levels of catalase (CAT) and superoxide dismutase (SOD) when induced with cadmium.  The herbal extract was able to ameliorate the reduction of SOD and CAT by  elevating  the  antioxidant levels towards the levels indicated in the negative control in a more potent manner than the synthetic drug (vitamin E) and also drastically reduced the MDA levels. This antioxidant property of the herbal extract may be attributed to the presence of hexadecanoic acid, which have  been reported to possess anti-inflammatory, antioxidant, hypocholsterolemic, and antibacterial activities ( Vedhanayaki and Ramkumar, 2019; Siswadi and Saragih 2021). 

5. CONCLUSION
The study found that cadmium chloride significantly increased total Cholesterol, TG, low density lipoprotein, and very low density lipoprotein levels in the positive control group.  However, the extract at different dosages significantly reduced total Cholesterol levels. Triglyceride levels decreased in the 1000mg/kg dosages, but not signiicantly. LDL and VLDL levels were reduced in the treated groups, while HDL increased but not markedly.
These hypocholesterolemic activities could be due to the synergistic effect of five most abundant compounds found in herbal extract, especially octadecanoic acid which have a near equal binding affinity for HMG-CoA reductase receptor with the standard drug. (Udegbunam et al., 2017; Fa-rong et al. 2005). 
The study found that Azanza  garckeana fruit herbal extract markedly increased GSH, CAT, and SOD levels in rats induced with cadmium, reducing oxidative stress and MDA levels.  The herbal extract, containing hexadecanoic acid, was found to have anti-inflammatory, antioxidant, hypocholesterolemic, and antibacterial properties, which may be attributed to its antioxidant properties. 
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