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Abstract 
 

This study evaluated the effects of ferrous nanoparticles (FeNPs) derived 

from Psidium guajava L. leaves on liver function in male Wistar rats. Fresh 

leaves were harvested from the Government Reservation Area (G.R.A), 

Wukari, Taraba State, washed, air-dried, and pulverized prior to FeNP 

preparation. Twenty-five male albino rats (140–190 g) were randomly 

assigned to five groups, with Group 1 serving as the control and Groups 2–5 

receiving oral FeNP doses of 100, 250, 500, and 1000 ppm, respectively, for 

three weeks. Post-treatment, serum samples were collected under chloroform 

anaesthesia for biochemical and histological analyses. Liver function tests 

revealed non-significant differences (p > 0.05) in measured parameters 

between Groups 1 and 3, whereas Groups 2, 4, and 5 showed significant 

alterations (p < 0.05) compared with the control. Aspartate aminotransferase 

(AST) levels increased significantly in Groups 3–5, while Group 2 showed no 

significant change; alanine aminotransferase (ALT) levels increased 

significantly in all treated groups except Groups 3 and 4. Albumin 

concentrations were significantly elevated across all treated groups. Total 

bilirubin (TB) and indirect bilirubin (IDB) remained unchanged in Group 2 

but increased significantly in Groups 3–5, whereas direct bilirubin (DB) did 
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not differ in Groups 2 and 3 but rose significantly in Groups 4 and 5. Total 

protein (TP) levels were comparable between Groups 1 and 2 but were 

significantly higher in Groups 3–5. Malondialdehyde (MDA) levels did not 

differ significantly among groups, although apparent increases were observed, 

while catalase (CAT) activity was significantly elevated in all treated groups, 

peaking in Group 5. Superoxide dismutase (SOD) activity remained 

unchanged in Groups 2 and 3 but increased significantly in Groups 4 and 5. 

Histological examination revealed dose-dependent structural abnormalities in 

liver tissue, with the most pronounced damage observed in Group 5. Overall, 

FeNPs from Psidium guajava leaves induced dose-dependent alterations in liver 

function and antioxidant enzyme activity in male Wistar rats, with higher 

doses, particularly 1000 ppm, associated with marked biochemical 

disturbances and histological damage, suggesting potential hepatotoxicity at 

elevated concentrations and underscoring the need for further studies to 

define safe exposure thresholds and long-term effects. 

Keywords: Ferrous Nanoparticles; Psidium guajava; Liver Function; 

Antioxidant Enzymes; Male Wistar Rats; Hepatotoxicity 

 

 

INTRODUCTION 

Nanotechnology is the science of structuring matters into a large surface area which 

holistically possesses unique characteristics. National Nanotechnology initiative established 

a generalized description that it was about manipulation of matter with at least one-

dimensional size from 1 – 100nm (Barbara and Nora, 2005). Nanotechnology may be able 

to create many new materials and devices with a vast range of applications, such as in 

medicine, electronics, biomaterials, and energy production (Saini, 2013). Nanotechnology 

deals with matter at the scale of one billionth of meter (10−9 m). According to the classic 

definition, nanomaterials are those materials whose key physical characteristics are dictated 

by the nano-objects they contain (Iqbal et al., 2017). 

An expanding field of study is the green production of nanoparticles, which is a 

well-known substitute for conventional techniques (Arowora et al., 2023). This method 

utilizes plant extracts for the biosynthesis of nanoparticles. The advantages of green 

syntheses over chemical and physical approaches include environmental friendliness, cost 

effectiveness, and ease of scaling up for large-scale nanoparticle production. In addition, 

there is no need to utilize harmful compounds or high temperatures, pressures, or energy 

(David et al., 2014; Arowora et al., 2023). 
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Plants are predominant natural source of numerous bioactive compounds 

(Newman et al., 2003; Kumar et al., 2021). Several diseases have been cured using a variety 

of plant preparations in folk medicine since ancient times (Kumar et al., 2021) and 

presently, cosmetic, pharmaceutical, and nutraceutical industries are paying more attention 

to plant preparations and pure phytochemicals. Medicinal plants contain natural products 

that are important in pharmaceutical development and used to remedy a variety of ailments 

in humans (Salau et al., 2013; Imo and Zaku, 2019; Yakubu et al., 2020). Some of the 

medicinal plants have been investigated in the laboratory for their medicinal uses (Imo and 

Uhegbu, 2015).  

The liver, being one of the most crucial organs, is the main target for any routes of 

exposure involving bloodstream translocation, and prior studies have demonstrated a 

significant accumulation of nanoparticles (NPs) inside the liver following injection (Hirn et 

al., 2011), retention of particles in the liver after ingestion (Schleh et al., 2012; Arowora et 

al., 2023), and affected liver after inhalation. 

The liver is one of the most essential organ in the body since it is in charge of 

regulating critical biochemical and other functional activities such as maintaining 

homeostasis, supplying energy and nutrients, and detoxifying foreign substances such as 

medications and other toxicants (Eesha et al., 2011; Arfat et al., 2014; Sowemimo et al., 

2015; Imo et al., 2021). The liver is responsible for xenobiotic biotransformation. Native 

(endogenous) chemicals released by physiological processes, such as fatty acids, bilirubin, 

thyroxin, other steroid hormones are metabolized by the hepatocytes (Modusolumuo, 

2011).  

The guava (Psidium guajava L.) tree belonging to the Myrtaceae family, is a very 

unique and traditional plant which is grown due to its diverse medicinal and nutritive 

properties (Kumar et al., 2021). Guava leaves are the rich source of minerals, such as 

calcium, potassium, sulfur, sodium, iron, boron, magnesium, manganese, and vitamins C 

and B. The higher concentrations of Mg, Na, S, Mn, and B in guava leaves makes them a 

highly suitable choice for human nutrition and also as an animal feed to prevent 

micronutrient deficiency (Kumar et al., 2021).  Thomas et al. (2017) reported the 

concentration of minerals such as Ca, P, K, Fe, and Mg as 1660, 360, 1602, 13.50, and 440 

mg per 100g of guava leaf dry weight (DW), respectively. The concentration of vitamins C 

and B was 103.0 and 14.80 mg per 100g DW, respectively. Guava leaves also contains 
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9.73% protein on a dry weight basis (Rahman et al., 2013). Proteins are large biomolecules 

composed of amino acids and act as building blocks of cells. Proteins play a major role in 

growth and maintenance, enzyme regulation, and cell signaling, and also as biocatalysts 

(Albert et al., 2002). Recently, plant-based nutrients have gained potential because of the 

high demand for nutritionally rich food, particularly protein. A great effort is now being 

made to find highly sustainable nutritionally rich food sources (Lonnie et al., 2018). 

Thomas et al. (2017) reported 16.8 mg protein/100g and 8 mg amino acids/100g in guava 

leaves as estimated according to Lowry’s and ninhydrin methods, respectively. Jassal et al. 

(2019) reported that guava leaves can be utilized as a novel and sustainable dietary source 

as they are a rich source of proteins, carbohydrates, and dietary fibers. Different parts of 

the guava tree, i.e., roots, leaves, bark, stem, and fruits, have been employed for treating 

stomach ache, diabetes, diarrhea, and other health ailments in many countries (Kumar et 

al., 2021). Guava leaves (Psidium guajavae folium) are dark green, elliptical, oval, and 

characterized by their obtuse-type apex. Guava leaves, along with the pulp and seeds, are 

used to treat certain respiratory and gastrointestinal disorders, and to increase platelets in 

patients suffering from dengue fever (Laily et al., 2015). Guava leaves (GLs) are also widely 

used for their antispasmodic, cough sedative, anti-inflammatory, antidiarrheic, 

antihypertension, antiobesity, and antidiabetic properties (Chen et al., 2007). 

The objectives of this study were to: Produce green-synthesized ferrous 

nanoparticles from aqueous leaf extracts of guava leaf , Determine the levels of selected 

liver function indices: aspartate aminotransferase (AST), alanine aminotransferase (ALT), 

alkaline phosphatase (ALP), total protein (TP) and albumin (ALB) direct bilirubin (DB), 

total bilirubin (TB) and indirect bilirubin (IDB) in rats administered ferrous nanoparticles 

from extracts of Psidium guajava, Determine the effects of guava leaf ferrous nanoparticles 

on antioxidant enzymes superoxide dismutase (SOD), catalase (CAT), and lipid 

peroxidation parameter Malondialdehyde (MDA) and examine the effect of FeNPs on 

histopathology of liver in  male wistar rats 

Scope of the Study; This study focused solely on chemical composition (vitamins, minerals 

and phytochemicals) of Psidium gujava leaf and assessed the biological impact of its ferrous 

nanoparticles on liver functions in male Wistar rats. 
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Figure 1: Psidium guajava plant in its habitat, with few fruits and flowers (Patil and Rane, 

2020). 

 

MATERIALS AND METHODS 

Materials 

Glassware and Facilities 

Mortar and pestle, digital analytical weighing balance (ohaus: pa-1000), beakers, 

whatman number 1 filter paper, conical flask, spatula, measuring cylinder, aluminum foil, 

cotton wool, sample bottles, separating funnel, plastic funnels, thermostatic water cabinet 

(Model:HH-W420), Spectrophotometer(UV-Visible double beam light), micro pipette, 

liston classic centrifuge (C2204), sykam HPLC (S3250 UV/visible detector). Micropipettes, 

Cuvettes and test tube. 

Reagents and Chemicals 

Ferric chloride (FeCl3), ethanol, water, sodium carbonate, trichloroacetic acid 

(TCA), normal saline. The rest of the chemicals were of analytical grade, Reagents used for 

the assays were products of Bioscience commercial kits and Spectrum commercial assay 

kits. 
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3.1.3 Collection and Preparation of Plant Materials  

The fresh leaf of Psidium guajava were collected from Government reservation 

Area (G.R.A) Wukari, Taraba State. The guava leaf collected were washed several times 

with water and rinsed with distilled water for the removal of impurities. The washed leaf 

obtained were air dried until they become crispy, after which they were pulverized in a 

clean and dry mortar and pestle.  

 

3.1.4 Animal Care and Management 

Twenty-five (25) male wistar rats were purchased from Enugu, Enugu State and 

weighed accordingly and their respective weight noted. They were kept in cages covered 

with net in a standard environment and acclimatized for one week prior the 

commencement of the experiment. The rats were fed ad- libitum with commercial feed and 

water; their bedding was changed every 72hrs to maintain cleanliness and prevent 

accumulation of ammonia gas. 

Methods 

Vitamins Profile of Guava Leaf Sample  

The following vitamin levels (vitamins K, B1, B9, A and E) were determined using high 

performance liquid chromatography (HPLC). 

Principle: Stationary Phase: A column packed with small, porous particles (stationary 

phase) retains the sample components based on their interactions with the stationary phase. 

Mobile Phase: A liquid solvent (mobile phase) is forced through the column under high 

pressure, carrying the sample components. 

Separation: Components of the sample interact differently with the stationary phase, 

causing them to move through the column at different rates and separate from each other. 

Detection: As the separated components exit the column, they are detected and quantified 

by a suitable detector, producing a chromatogram (Aryal, 2024). 

Methodology: The extract was diluted with the same solvent used for extraction. 

Two (2ml) of guava leaf ethanol extract was diluted and filtered with 0.45um syringe filter 

into the vial. The mobile phase is composed of the following solvents (water, methanol, 

ethanol and buffer).  
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The vials were labelled appropriately and placed in the auto sampler of the HPLC for 

analysis. 

The wavelength was set at 230nm to run for 10 minutes using the Reprosil 100, C8, 

5um, 4,6 x 150mm column. The sequence was run and observed the retention time and 

peaks in the chromatogram and then the chromatogram was printed. 

Determination of Minerals Composition 

Atomic Absorption Spectroscopy (AA S) was used for the determination of minerals in 

guava leaf sample. 

Principle  

The principle of AAS is based on the fact that atoms or ions of a specific element 

can absorb light at unique, characteristic wavelengths.  When a sample containing a 

particular element is exposed to light at that element's specific wavelength, the atoms or 

ions of that element absorb the light, causing electrons to transition from a ground state to 

excited states. The amount of light absorbed is directly proportional to the concentration 

of the absorbing atoms or ions in the sample. 

Procedure 

Atomization: The sample is atomized, typically using heated graphite tube (Electrothermal 

AAS) to convert the metal compounds in the sample into free gaseous atoms.  

Light Source: Light from a radiation source, usually a hollow-cathode lamp specific to the 

element being analyzed. This was passed through the cloud of free atoms. This lamp emits 

light at the precise wavelength that the target element's atoms absorb.  

Absorption: The free atoms of the target element in the sample absorbs some of the light 

from the lamp.  

Monochromator: A monochromator is used to isolate the specific wavelength of light 

absorbed by the analyte from other wavelengths.  

Detection: A detector measures the intensity of the light beam after it has passed through 

the atomized sample.  The decrease in light intensity is measured as absorbance.  

Concentration determination: The measured absorbance is directly related to the 

concentration of the element in the sample, following Beer's law.  The concentration is 
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typically determined by comparing the sample's absorbance to a calibration curve generated 

using solutions of known concentrations of the element.  

Preparation of Guava Leaf Extract 

The extract was prepared with slight modification on the method reported by 

(Saranyaadevi et al., 2014). Exactly, 50g of the Psidium guajava leaf were weighed and 

transferred into 250mL beaker containing 500mL distilled water and was heated at 60ºC, 

stirred for 30mins, after that, it was covered with cotton wool and aluminum foil and 

allowed to stay for 24 hours. 

3.2.5 Formation of FeNPs  

After 24 hours, the leaf was collected and filtered using Whatman No. 1 filter 

paper. 0.1622g of 1mM Ferric chloride (FeCl3) was weighed and added into 1000 ml of 

distilled water, 1000 ml aqueous solution of Ferric chloride was prepared into 1000 ml 

flask, and 150 ml of the Psidium guajava filtrate was gently added and stir meanwhile the 

flask was covered with cotton wool and foil paper to avoid exposure to light for 3hours in 

the water bath for reduction into Fe3+ ions, it was then stored at 4ºC for future used 

(Saranyaadevi, 2014)  

 

Figure 3.2: Synthesis of ferrous nanoparticles 

 

3.2.6  Characterization of Ferrous Nanoparticles Using UV- Visible Spectroscopy 

UV-Visible spectra of synthesized FeNPs were recorded at different time intervals 

with spectrophotometer with slit width and spectral bandwidth of 1.0 nm. The periodic 

scans of the optical absorbance between 200 and 500nm with a UV- Vis 

Spectrophotometer at an interval of 20nm were performed to characterize the ferrous 
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nanoparticle synthesized from Psidium guajava extract.  The bio-reduction process of iron 

ions in aqueous solution was measured by sampling of 1 ml aliquot compared with 1 ml of 

distilled water used as blank and subsequently measuring UV-visible spectrum of the 

solution. UV-visible spectrum was monitored on Shimadzu dual beam spectrophotometer 

(Model, UV-2500PC Series) operated at a width slit of 20nm within the wavelength range 

of 200 to 500nm. 

Experimental Animals 

Male wistar rats weighing between 140 and 190g were used in this experiment. The 

animals were housed in cages with saw dust as bedding in animal house facility of 

Department of Biochemistry, Federal University Wukari. All experiments on laboratory 

rats were performed according to the protocols authorized by Animal Ethical Committee 

of Department of Biochemistry, Federal University Wukari. The animals were maintained 

under exposure to a 12h/12h light/dark cycle at room temperature of 25 ± 3oC and free 

access to standard rats feed and water. 

Experimental Design  

Twenty-five (25) male wistar rats were purchased from Enugu, Enugu state. They 

were kept in the animal house of the Department of Biochemistry and acclimatized for two 

weeks prior to the commencement of the experiment. The rats were administered orally 

with ferrous nanoparticles based on their body weight. At the end of acclimatization, 

twenty-five male wistar rats were randomly allotted into five groups of five animals per 

group and then fed them for three weeks ad-libitum with commercial rat feed and potable 

water. At the end of the three weeks feeding experiment, the animals were starved 

overnight and then sacrificed under chloroform anaesthesia. 

Experimental Design  

Groups  Treatments 

1  Rat feed + Potable water (Normal Control) 

2  Rat feed + FeNPs 100ppm body weight 

3  Rat feed + FeNPs 250ppm body weight  

4  Rat feed + FeNPs 500ppm body weight 

5  Rat feed + FeNPs 1000ppm body weight 
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Blood and Tissue Sample Collection 

After 21 days, the rats observed an overnight fast and were weighed before 

sacrificed under chloroform vapor anesthesia. Blood samples were obtained by cardiac 

puncture using 5ml syringe and 23G needle. Obtained blood samples was then centrifuged 

at 4000 rpm for 10 minutes to obtain serum for biochemical analysis. Rat livers were 

harvested and stored in a container of 10% formalin for fixation and then histological 

photomicrography (Egwaoje et al., 2017). 

Tissue Homogenization 

The liver of Wistar rats in each group were harvested with utmost care and placed 

in normal saline (to clean it from any tissue remnants). After weighing, the liver tissues 

were homogenized in phosphate buffer (1:10 w/v) at 7.4 pH. The supernatants were used 

for the determination of Thiobarbituric Acid Reactive Substances (TBARS), Superoxide 

Dismutase (SOD) and Catalase (CAT) (Lowry et al., 1951). 

Determination of in-vivo Antioxidant Status in Wistar Rats 

Determination of Superoxide Dismutase (SOD) Activity 

The assay system for superoxide dismutase was adopted from the method of Nishikimi et 

al. (1972).  

Principle: This assay method is based on measuring superoxide radical production 

using NADH as an electron donor and PMS as a carrier to reduce NBT to a blue 

formazan, (NBT) reduction is used as an indicator of O2•− production. SOD will compete 

with NBT for O2•− Glacial acetic acid lowers the pH of the reaction mixture, thereby 

stopping the reaction nitroblue tetrazolium. The percent inhibition of NBT reduction is a 

measure of the amount of SOD. 

Procedure: Assay mixture contained 1.2 ml sodium pyrophosphate buffer (pH 7.0, 

0.052 mL), 0.1 m1 (186 µL) phenazine methosulphate. 0.3 ml (300 µM) nitroblue 

tetrazolium. 0.3 mL of the supernatant after centrifugation (1,500 x g for 10 min followed 

by 10,000 x g for 15 min) of homogenate was added to the reaction mixture. Enzyme 

reaction was initiated by adding 0.2 mL of NADH (780 uM) and stopped after 1 min by 

adding 1 mL of glacial acetic acid. Colour intensity of the chromogen was measured at 560 

nm 

SOD activity in the sample was calculated as follows. 
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% SOD inhibition=(1-A_S/A_R )  ×100 

SOD activity (U/ml) =(1-A_S/A_R )×100 ×1.25 

 

Determination of Thiobarbituric Acid Reactive Substance (TBARS) 

The Thiobarbituric Acid Reactive substances (TBARS) assay has been widely used 

as a generic metric of lipid peroxidation in biological fluids. It is often considered a good 

indicator of the levels of oxidative stress within a biological sample, provided that the 

sample has been properly handled and stored (Jesús and Chad, 2020). 

Principle: The assay involves the reaction of lipid peroxidation products, primarily 

malondialdehyde (MDA), with thiobarbituric acid (TBA), which leads to the formation of 

MDA-TBA2 adducts called TBARS. TBARS yields a red-pink color that can be measured 

spectrophotometrically at 532 nm (Jesús and Chad, 2020). 

Procedure: One milliliter of 14% trichloroacetic acid was measured into a test tube, 1mL 

thiobarbituric acid (0.67%) was then added and 50µL of the tissue homogenate was added.  

The mixture was then incubated at 800C for 30 minutes in a water bath. It was allowed to 

cool rapidly in ice for 5 minutes followed by centrifugation at 3000 x g for 10 minutes.  

Malondialdehyde (MDA) was measured spectrophotometrically at 535 nm and the level of 

lipid peroxidation was calculated using the molar extinction coefficient of malondialdehyde. 

Calculation: 

Molar extinction of MDA = 1.56 x 105 M-1cm-1 

MDA concentration = Absorbance/1.56 x 105 M-1cm-1 

Determination of Catalase (CAT) Activity 

Catalase activity was determined using the method described by Aebi (1984). 

Principle: Catalase detoxifies hydrogen peroxide (H2O2) and converts it to water and 

molecular oxygen. 

 2 H2O2     2H2O + O2 

 (Absorbance at 240 nm)   (no absorbance at 240 nm)  

The catalase activity in the sample was determined by observing the rate of decrease in 

absorbance at 240 nm. 
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Procedure: Working buffer (50mM potassium phosphate buffer, pH 7.0, 1000µL) was 

added to a cuvette and used to standardize the spectrophotometer at a wavelength of 240 

nm.  

Also, 950 µL of the mixture of working buffer (490µL of 50mM potassium phosphate 

buffer, pH 7.0) and 460µL of 30 mM hydrogen peroxide (H2O2) was measured at 240 nm 

every 1 minute for 5 minutes.  

Catalase activity was determined and expressed as (U/mL) of the decomposition rate given 

as (A240 nm/min) of the sample. 

A240 nm/min = Change in absorbance per minute 

Catalase (U/mL) = (A240 nm/min)/Volume of reaction mixture 

Determination of Levels of Serum liver Function Parameters in Rats Administered 

Ferrous Nanoparticles 

Liver Biomarkers were investigated using RANDOX reagent kits and spectrophotometer 

(VWR UV-6300PC). The blood samples were analysed for aspartate aminotransferase 

(AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), Total Protein (TP), 

Albumin (ALB), direct bilirubin (DB), indirect bilirubin (IND), and Total bilirubin (TB).    

Determination of aspartate aminotransferase (AST) activity    

A Randox Commercial Enzyme assay kit was used for determination of AST according to 

the methods of Reitman and Frankel (1957).  

Principle: Aspartate aminotransferase (AST) catalyzes the transamination of aspartate to 

alpha-keto glutarate to form glutamate and oxaloacetate, which then reacts with 2,4-

dinitrophenylhydrazine to form hydrazone derivative of oxaloacetate, a coloured complex 

which can be measured at 546 nm.    

Procedure: AST reagent was pipette into a cuvette, it was then incubated at 37°C for a few 

minutes. 

A serum sample was added and mixed. The absorbance was read at 340 nm for 1–3 

minutes. 

The enzyme activity was calculated using the absorbance change (ΔA/min). 

L– aspartate +   α – oxoglutarateAST                              L- glutamate + oxaloacetate.  
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3.7.2  Determination of alanine aminotransferase (ALT) activity  

Alanine aminotransferase was determined as described by Reitman and Frankel, (1957) 

using assay kits (RANDOX Laboratories Ltd, UK).   

Principle: Alanine aminotransferase (ALT) catalyzes the transamination of alanine to alpha-

keto glutarate to form glutamate and pyruvic acid, which then reacts with 2,4-

dinitrophenylhydrazine to form hydrazone derivative of pyruvate, a coloured complex 

which can be measured at 546 nm.   

α – oxoglutarate + L–alanine         ALT     L- glutamate + pyruvate  

Procedure: 

ALT reagent was pipetted into cuvette and pre-warm at 37°C. 

Serum of the wister rat was added, and the absorbance was read at 340 nm. 

ΔA/min was used to calculate the activity. 

Assay for alkaline phosphatase (ALP) activity   

This was done using a Commercial Enzyme Kit (AGAPPE) according to the method of 

Tietz, (1995). The change in absorbance per minute (Δ OD/min) during 3 minutes interval 

was measured at 405 nm.  

Principle: Para-nitrophenylphosphate + H2O        ALP  p-nitrophenol + Inorganic 

phosphate  

Procedure: 

ALP reagent was pipetted into a cuvette, it was then incubated at 37°C for a few minutes. 

A serum sample was added and mixed. The absorbance was read at 405 nm at 1minute 

intervals for 2-3 minutes 

The enzyme activity was calculated  

Calculation  

Equation 1: ALP Activity (U/L) = (Δ OD/min.) x 2750.  
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Determination of Total Protein  

Determinations of total protein was done spectrophotometrically using Randox analytical 

kits according to standard procedures of manufacturer’s protocols (Tietz, 1995).  

Principle: Cupric ions in alkaline medium, interact with protein peptide bonds resulting in 

the formation of a colored complex. The intensity of the color, measured at 546 nm, is 

directly proportional to the albumin concentration in the sample.  

Procedure: 

Absorbance was measured at 540–560 nm. 

Standard curve was used to calculate total protein. 

Biuret reagent was pipette into a cuvette; it was then incubated at room temperature for 10 

minutes. 

A serum sample was added and mixed. The absorbance was read at 540 – 560 nm. 

Standard curve was used to calculate total protein.  

Determination of Serum Albumin  

Determination of albumin was done spectrophotometrically using Randox analytical kits 

according to standard procedures of manufacturer’s protocols (Tietz, 1995).  

Principle: Simple, direct procedure for measuring albumin concentration in 

biological samples. The improved method utilizes bromocresol green that forms a blue 

green coloured complex specifically with albumin. The intensity of the colour measured at 

630 nm, is directly proportional to the albumin concentration in the sample. The optimized 

formulation substantially reduces interference by substances in the raw samples.  

Procedure: 

BCG reagent was added to cuvette and then serum was added, it was then mixed and wait 

for 30 seconds to 1 minute. The absorbance was read at 620 nm. 

Determination of Direct Bilirubin 

Principle: Conjugated (direct) bilirubin reacts with diazotized sulfanilic acid to form 

azobilirubin. 

Procedure: 

Diazo reagent was added to the test tube, follow by serum 
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It was incubated for 5 minutes at room temp. 

It was measured directly at 540 nm. The calibration curve was read. 

Determination of Total Bilirubin 

Principle: Both conjugated and unconjugated bilirubin react with diazotized reagents in the 

presence of an accelerator. 

Procedure: 

Total bilirubin reagent was added to the cuvette, followed by serum. 

It was incubated for 10 minutes. The absorbance was measured at 540 nm. 

3.7.8  Determination of Indirect Bilirubin 

Indirect Bilirubin = Total Bilirubin -Direct Bilirubin. 

Histopathology of Rats livers 

This was done according to the methods of (Avwioro, 2011) and (Choji et al., 

2015). Tissues were harvested and fixed in 10% formalin for 3 days, cut into thin slices of 

5mmX 2mm X 1mm thick and then processed. Tissues were embedded in molten paraffin 

wax using embedding moulds. The tissues were embedded using embedding cassettes on a 

tissue Tek Embedding Centre and cooled rapidly on the cooling component. Tissues were 

sectioned using a rotary microtome set at 4microns, picked on slides and ready for staining. 

Sections were dewaxed and hydrated by passing through two changes of xylene and 

through descending grades of alcohol (100%, 80%, 70%) for three minutes each and then 

into water, stained in Harris’ hematoxylin solution for 5 minutes and washed in running 

water. They were differentiated in 1% acid alcohol and then washed well in water, blued in 

Scott’s tap water substitute for 5 minutes and rinsed briefly in distilled water, 

counterstained in 1% aqueous eosin for 2 minutes, washed well in water, dehydrated in 

descending grades of alcohol, cleared in xylene and mounted in DPX (Destrene, plasticiser 

and xylene). Sections were then placed in slide carriers and placed in a 400C oven to dry 

overnight. They were read microscopically. 

Data Analysis 

Data was analyzed using one-way ANOVA, followed by Duncan post hoc test (SPSS 

version 23). Results are presented as mean ± standard deviation of means obtained (n=5) 

with significance at p < 0.05. 



Musa Azegya Mustapha, Arowora K. A, Ezeonu C. S, Isaac John Umaru 

 African Journal of Biochemistry and Molecular Biology Research 524 

RESULTS AND DISCUSSION 

4 Characterization of Ferrous Nanoparticles  

4.1.4.1 Spectrophotometric determination of FeCl3 reduction 

In this study, ferrous nanoparticles were synthesized from Psidium guajava 

leaf. Exactly, five different peaks were observed which include: 200nm, 300nm, 

320nm, 340nm and 360nm respectively. The highest absorption characteristic peak 

of the ultraviolet-visible spectrum of the ferrous nanoparticles was observed at 

360nm (Figure 4.3) 

 

Fig 4.3: Characterization Biosynthesized Ferrous Nanoparticles from Psidium guajava Leaf 

Using UV-Visible Spectroscopy 

4.1.4.2  FTIR spectroscopy characterization of green synthesized ferrous nanoparticles  

The crystal of green synthesized ferrous nanoparticles produced was subjected to 

FTIR spectroscopy for its characterization. The FTIR characterization different spectra 

and absorbance bands which have been observed in the region of 3417.01 cm−1, 2923.22 

cm−1, 1648.23 cm−1, 1412.90 cm−1, 1154.43 cm−1, 1034.84 cm−1, 675.11 cm−1, 596.02 

cm−1 and 419.53 cm−1 which indicate O-H group, alkane (C-H) group, alkene (C=C) 

group, alkane (C-H) group, Alcohols (C-O) group, Aromatic compounds (C-H out-of-

plane bending), alkyl Bromide (C-Br) and alkyl iodide (C-I) respectively.  The changes 
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observed in the reaction converting FeCl3 to FeNPs using FTIR analysis is represented 

below (Figure 4.4). 

Table 4.4: FTIR Spectroscopy Showing the Wavelength, Functional Groups and Inference. 

S/N 
WAVENUMBER 

(cm-1) 
FUNCTIONAL GROUPS INFERENCES 

1   3417.01   O-H stretch                                       
Hydroxyl group (Found alcohols 
and phenol 

2   2923.22   C-H stretch Alkanes 

3   1648.23   C=C stretch Alkenes 

4   1412.90   C-H bending Alkanes 

5   1154.43   C-O stretch 
Alcohols, ethers, Carboxylic acids 
and esters 

6   1034.84   C-O stretch 
Alcohols, ethers, Carboxylic acids 
and esters 

7   675.11   
C-H stretching out of plane 
bending 

Aromatic compound 

8   596.02   C-Br stretching Alkyl bromides 

9   419.53   C-I stretching  Alkyl iodides 
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Fig 4.4: FT-IR Spectrum of Ferrous Nanoparticles Synthesised from Psidium guajava Leaf 

Extract 

4.1.4.3  Characterization of ferrous nanoparticles using GC-MS 

The characterization of ferrous nanoparticles (FeNPs) synthesized using Psidium 

guajava leaf extract was performed via Gas Chromatography-Mass Spectrometry (GC-MS). 

The analysis revealed various phytoconstituents which include: n-Hexadecanoic acid 

29.82% (C16H32O2), Oleic acid 27.37% (C18H34O2), 2-Methoxy-4-vinylphenol 1.64% 

(C9H10O2), Cyclopropanecarboxylic acid 5.10% (C11H12O2),  Undecanoic acid 4.37% 

(C11H22O2),  Myristic acid 3.39% (C14H28O2), Erucic acid 4.67% (C22H42O2) 

Oxacyclododecan-2-one (Lactone) 4.91% (C11H20O2), Octadecanoic acid 15.15% 

(C18H36O2), 9,12-octadecadienoic acid 1.30% (C18H32O2), Eicosanoic acid 1.51% (C20H40O2), 

Squalene 0.78% (C30H50), and their respective area percentages listed in Table 4.5. Among 

these, n-Hexadecanoic acid (29.82%) and Oleic acid (27.37%) were predominant, indicating 

their significant presence in the biosynthesized ferrous nanoparticles.  
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Table 4.5:  GC-MS of Biosynthesized Ferros Nanoparticles from Psidium guajava leaf 

Extract 

Fig 4.5: GC-MS Chromatogram of Biosynthesized Ferrous Nanoparticles from Psidium 

guajava Leaf 

 

4.1.5  Effects of Green Synthesised Ferrous Nanoparticles on Liver Function Parameters 

S/N Compound Retention Time Area% Chemical formula 

1   2-Methoxy-4-vinylphenol 08.319   01.640   C9H10O2 

2   Cyclopropanecarboxylic acid 08.983   05.100   C11H12O2 

3   Undecanoic acid 11.798   04.370   C11H22O2 

4   Myristic acid 14.189   03.390   C14H28O2 

5   Oxacyclododecan-2-one (Lactone) 17.427   04.910   C11H20O2 

6   n-Hexadecanoic acid 17.831   29.820   C16H32O2 

7   Erucic acid 19.303   04.670   C22H42O2 

8   Oleic acid 20.667   27.370   C18H34O2 

9   Octadecanoic acid 20.941   15.15   C18H36O2 

10   9,12-octadecadienoic acid 21.700   01.300   C18H32O2 

11   Eicosanoic acid 23.233   01.510   C20H40O2 

12   Squalene 27.736   00.780   C30H50 
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The result for ALP in Table 4.6 showed that there was no statistical significant 

difference (P > 0.05) between groups 1 and 3. However, there was significant differences 

(P <0.05) between groups 2, 4 and group 5 when compared with the control. The result of 

AST in group 2 showed no significantly difference (P <0.05) when compared to the 

control group. However, there were significant differences (P < 0.05) between groups 3, 4 

and 5 when compared with the control (group 1). The result for ALT showed significantly 

differences in all the treated groups when compared with control. The result for ALB 

showed significantly differences in all the treated groups when compared to group 1. There 

were non-significant difference (P > 0.05) in TB, DB, and IDB levels between the control 

group and group 2. However, administration of 250, 500, and 1000mg/kg (group 3-5) 

caused significant (P > 0.05) increases in TB and IDB levels compared to the control.  

Notably, DB levels showed non- significant difference between group 2 and 3 when 

compared to the control group but showed a significant increase (P <0.05) between groups 

4 and 5 when compared to the control group. The result for TP showed no statistical 

significant difference (P > 0.05) between groups 1 and 2. However, there was significance 

differences (P <0.05) between group 3, 4 and 5 when compared with group 1. 
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Table 4.6: Serum Levels of Selected Liver Function Parameters of Male Wistar Rats 

Administered Ferrous Nanoparticles Synthesized from Psidium guajava Leaf 

Parameters 
Group 1  
Normal 
control 

Group 2 
 (100 mg/Kg 

b.w) 

Group 3  
(250 mg/Kg 

b.w) 

Group 4  
(500 mg/Kg 

b.w) 

Group 5 (1000 
mg/Kg b.w) 

ALP (U/L) 33.68  ± 0.60a 34.85  ± 0.86b 33.31  ± 0.78a 40.06  ± 0.14d 36.33  ± 1.38d 

AST (U/L) 51.48  ± 1.16a 51.80  ± 0.84a 59.00  ± 0.00b 76.40  ± 0.89c 89.00  ± 0.00d  

ALT (U/L) 48.36  ± 0.81c 33.20  ± 1.21a 42.82  ± 0.59b 41.2  ± 2.05b 50.80  ± 1.79d 

ALB (g/dL) 4.83  ± 0.11b 6.39  ± 0.34c 4.37  ± 0.17a 4.08  ± 0.07 a 4.35  ± 0.24a 

TB (mg/dL) 0.95  ± 0.12a  0.95  ± 0.14a 1.61  ± 0.25b  1.97  ± 0.21b,c  2.29  ± 0.78c 

DB (mg/dL) 0.06  ± 0.03a 0.08  ± 0.05a  0.07  ± 0.04a  0.52  ± 0.20b  0.72  ± 0.42b  

IDB 
(mg/dL) 

0.89  ± 0.13a 0.87  ± 0.14a  1.54  ± 0.22b  1.45  ± 0.22b  1.57  ± 0.39b 

TP (g/dL) 5.52  ± 0.16c 4.91  ± 0.63b,c 4.34  ± 0.30b 6.82  ± 0.84d 3.34  ± 0.22a 

      

Results are expressed as mean ± standard deviation of groups results obtained (n=5) 

Mean values ± standard deviation in the same row with different letter of the alphabet as 

superscript showed statistically significant different (p<0.05). 

Legend: ALP= Alkaline phosphatase, AST= Aspartate Aminotransferase, ALT= Alanine 

aminotransferase, ALB= Albumin, TB= Total bilirubin, DB= Direct bilirubin, INB= 

Indirect bilirubin, TP= Total protein.   

4.1.6  Effects of Green Synthesized Ferrous Nanoparticles from Psidium guajava Leaf on Lipid 

Peroxidation and In-vivo Antioxidant Enzymes.  

The results for MDA in Table 4.7 showed no statistical differences (p > 0.05) in all 

the treated groups. Apparently, there was increased in all the treated groups when 

compared to the control group. The result for CAT showed significant differences in all 

the treated groups. Apparently, there were increased in all the treated groups except group 

2 that showed decrease when compared to the control group. The result for SOD showed 

no significance differences in group 2 and 3 when compared with the control group. 

However, there were significant differences in groups 4 and 5 when compared with group 

1.  
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Table 4.7 Lipid Peroxidation and In-vivo Antioxidant Enzymes of Male Wistar Rats 

Administered Ferrous Nanoparticles Synthesized from Psidium guajava Leaf 

Parameters 
GROUP 1 
(Control) 

GROUP 2 
(100ppm B.W) 

GROUP 3 
(250ppm B.W) 

GROUP 4 
(500ppm B.W) 

GROUP 5 
(1000ppm B.W) 

MDA (µM) 1.06  ± 0.00a 2.82  ± 0.38a  2.01  ± 1.29 a 1.33  ± 0.03 a 3.81  ± 2.30 a 

AT (U/mg) 145.58  ± 0.69b 124.6  ± 0.35 a 166.38  ± 1.47c 168.16  ± 1.77 c 188.75  ± 1.12d 

SOD (U/mL) 3.28  ± 0.83a  3.55  ± 0.65a 3.53  ± 0.76a 18.61  ± 0.69b 18.80  ± 2.36b 

Results are expressed as mean ± standard deviation of group result obtained (n=5) 

Mean values ± standard deviation in the same row with different letters of the alphabets as 

superscript shows statistically significant difference (p< 0.05). 

Legend: MDA= Malondialdehyde, SOD= Superoxide dismutase, CAT= Catalase 

4.1.7: Histological Examination of Male Wistar Rats Liver Tissues Administered with Green 

Synthesized Ferrous Nanoparticles 

The photomicrographs below showed that the administration of ferrous nanoparticles at 

various dose concentrations causes alteration in the normal liver architecture (Plate 2-5).  

 

Plate 1: Photomicrograph of liver Section of Control Group Rats 

Liver of wistar rats exposed to normal environmental and nutritional condition, showing 

normal architecture as shown by clear capsular space. No pathology observed. Stain: 

Hematoxylin and eosin Magnification ×100 
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Plate 2: Photomicrograph of Liver Section of Group 2 Rats 

Liver of wistar rat treated with 100ppm FeNps, exhibited congestion of the portal vein as 

indicated by the yellow arrow and the central vein as indicated by the blue arrows.  

 

 

Plate 3: Photomicrograph of Liver Section of Group 2 Rats 

Liver of wistar rat treated with 100ppm FeNps, exhibited aggregation of 

polymorphonuclear cells (white blood cells) indicated by the black arrows. This could 

indicate an infection.  

  

Plate 4: Photomicrograph of Liver Section of Group 3 Rat 

Liver of wistar rat treated with 250ppm FeNps, exhibited congestion of the portal vein 

indicated by the blue arrows.  
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Plate 5: Photomicrograph of Liver Section of Group 4 Rats 

Liver of wistar rat treated with 500ppm FeNps, exhibited congestion of the portal vein 

indicated by the blue arrows and necrosis of the hepatocytes as indicated by the back 

arrows.  

 

   

Plate 6: Photomicrograph of Liver Section of Group 5 Rats  

Liver of wistar rat treated with 1000ppm FeNps, exhibited congestion of the central vein 

indicated by the yellow arrow and severe necrosis of the hepatocytes and the wall of the 

central vein as indicated by the back arrows.  

 

DISCUSSION 

The Characterization of Ferrous Nanoparticle by UV- visible spectroscopy: FeNPs 

was prepared via green route using Psidium guajava leaf (Fig. 4.5) extracts at room 

temperature. The absorption spectrum of FeNPs is shown in Fig. 4.5 and the peak 

observed at 360 nm was an indication of FeNPs, which is in accordance with already 

reported study (Behera et al., 2012). The result obtained in Figure 4.5 illustrates the 
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formation and stability of FeNPs from their respective salts which gives characteristic 

peaks at different wavelengths using UV-visible spectroscopy.  Optical properties of 

synthesized nanoparticles were analyzed by using UV-visible spectroscopy. UV-visible 

spectroscopy gives the optical properties of the nanomaterial in the form of absorbance 

peaks. UV-visible spectra of prepared nanoparticles which are produced by the guava leaf 

are shown in Figure 4.5 by adding extract with iron solution, Fe3+ ion reduced to Fe2+ ions 

indicated by the UV-visible spectroscopy. Due to excitation of electrons, color of the 

solution changes. By adding the iron solution with the extract, color of the solution has 

been changed due to surface plasmon resonance (SPR) (Malik et al., 2015). The color 

changes immediately after adding the plant extract to the iron salt solution confirmed the 

formation of FeNPs. In a matter of seconds, the color of the mixture changed from 

transparent yellow to black, demonstrating the synthesis of iron nanoparticles. The FeNPs 

dark colour was caused by surface Plasmon excitation vibrations, which is in accordance 

with the study conducted by Devatha et al. (2016).  

Characterization of Ferrous Nanoparticles by FTIR 

The FT-IR analysis was carried out to determine the molecules and/or functional 

groups that were present in the biosynthesized ferrous nanoparticles from guava leaf. 

Figure 4.6 shows the spectra of FeNP with peaks between 3417.01cm-1 and 419.53cm-1. 

FeNPs spectra and absorbance bands have been observed in the region of 3417.01, 

2923.22, 1648.23, 1412.90, 1154.43, 1034.84, 675.11, 596.02 and 419.53 cm−1 which 

indicate O-H group, alkane (C-H) group, alkene (C=C) group, alkane (C-H) group, 

Alcohols (C-O) group, Aromatic compounds (C-H out-of-plane bending), alkyl Bromide 

(C-Br) and alkyl iodide (C-I) respectively. The strong broad absorption peak at 3417.01cm-

1 is assigned to O-H stretching of carboxylic acid; and the peak at 419.53cm-1 is assigned 

to C-I stretching of alkyl iodide. FTIR identifies various groups that involve the reduction 

and capping of NPs. FTIR spectroscopy measures the spectral peaks of functional groups. 

The band at 3417.01 cm-1 may be due to (O-H stretch) this peak indicates the presence of 

hydroxyl groups, or phenolic groups, which are commonly found in alcohols and phenols 

(Sivakami et al., 2021). The broad nature of this peak suggests strong hydrogen bonding, 

which is typical in such compounds. This finding accords with studies that reported 

hydroxyl groups on the surface of iron oxide nanoparticles, enhancing their hydrophilicity 

and reactivity. O-H stretching of polyphenol compounds causes peaks to appear between 

3300 cm-1 and 3500 cm-1 (Jeyasundari et al., 2017; Liu et al., 2018; Pan et al., 2020). The 
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reduction of ferric chloride and its aqueous phase is mostly due to phenolic chemicals 

(Kanagasubbulakshmi and Kadirvelu, 2017). Plant extracts include phenolic compounds, 

which are well-known for functioning as reducing agents (Devatha et al., 2016; Pan et al., 

2020). They additionally serve as stabilizers by strengthening connections with water 

molecules (Jeyasundari et al., 2017; Farshchi et al., 2018). The FTIR analysis of FeNPs 

suggested that they might be surrounded by any of these organic molecules such as 

polyphenols, alkaloids and terpenoids, Kalainila et al. (2014) had already reported similar of 

results. The chemical constituents present in plant leaves extract such as flavonoids, 

alkaloids and fatty acids are responsible for the reduction of ferric ions to ferrous 

nanoparticles due to their capping and reducing capacity. 

Characterization of Ferrous Nanoparticles by GC-MS 

The characterization of ferrous nanoparticles (FeNPs) synthesized using Psidium 

guajava leaf extract was carried out using Gas Chromatography-Mass Spectrometry (GC-

MS). The analysis identified various phytoconstituents, with notable compounds and their 

respective area percentages detailed in Table 4.5. Among these, n-Hexadecanoic acid 

(29.82%) and Oleic acid (27.37%) were the predominant compounds, indicating their 

significant presence in the synthesized nanoparticles. Predominant compounds n-

Hexadecanoic acid 29.82% (C16H32O2), Oleic acid 27.37% (C18H34O2), while other identified 

compounds  2-Methoxy-4-vinylphenol 1.64% (C9H10O2), Cyclopropanecarboxylic acid 

5.10% (C11H12O2),  Undecanoic acid: 4.37% (C11H22O2),  Myristic acid 3.39% (C14H28O2), 

Oxacyclododecan-2-one (Lactone) 4.91% (C11H20O2), Octadecanoic acid 15.15% 

(C18H36O2), 9,12-octadecadienoic acid 1.30% (C18H32O2), Eicosanoic acid 1.51% (C20H40O2), 

Squalene 0.78% (C30H50). The presence of n-Hexadecanoic acid and Oleic acid in 

significant amounts suggests that these fatty acids may play a crucial role in the stabilization 

and functionalization of the synthesized FeNPs. Fatty acids are known to enhance the 

biocompatibility and stability of nanoparticles, which is essential for their application in 

various fields, including medicine and environmental science. The characterization of 

ferrous nanoparticles using GC-MS has been documented in various studies, highlighting 

the importance of plant extracts in nanoparticle synthesis. For instance, studies have shown 

that plant-derived compounds, particularly fatty acids, can significantly influence the size, 

shape, and stability of nanoparticles (Wang et al., 2024). The findings from this study align 

with previous research that identified similar fatty acids in nanoparticles synthesized from 

other plant extracts, indicating a commonality in the phytochemical profiles that contribute 
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to nanoparticle formation (Saar and Brysch, 2020). Moreover, the use of Psidium guajava leaf 

extract for synthesizing nanoparticles has been noted for its rich phytochemical content, 

which not only aids in the reduction of metal ions but also provides a stabilizing effect on 

the resulting nanoparticles. This reinforces the potential of guava leaves as a sustainable 

resource for nanoparticle synthesis, contributing to green chemistry practices. These 

findings are consistent with existing literature, underscoring the role of plant extracts in the 

synthesis and stabilization of nanoparticles. 

Liver Function Parameter 

The liver is the site of major metabolic processes in the body, including 

detoxification of blood, production of bile for the breakdown of fats in the digestive track, 

the storage of glucose in the form of glycogen, and the synthesis of amino-acid precursors 

that make up proteins (Njoku, 2014). And again, the liver is the largest internal organ in the 

human body, weighing about 1.5kg and accounting for about 2 to 3% of an adult's total 

body weight (Skandalakis et al., 2004; Howida, 2016). Nanoparticles/nanomaterials have 

been known to enter systemic circulation. Therefore, they have the potential to cause organ 

damage throughout the body. The organs with extensive blood supply such as liver, spleen 

and kidneys are especially vulnerable. The serum levels of liver function biomarkers in male 

Wistar rats administered ferrous nanoparticles synthesized from Psidium guajava leaf are 

presented in Table 4.6. The parameters assessed were ALP, AST, ALT, ALB, TB, DB, 

IDB, and TP. The study evaluated the effects across five experimental groups, with Group 

1 serving as the normal control and Groups 2 to 5 receiving increasing doses (100–1000 

mg/kg b.w) of the nanoparticles. 

Alkaline Phosphatase (ALP) 

ALP levels in the control group were 33.68 ± 0.60 U/L. Treated groups showed a 

non-significant increased, peaking at 40.06 ± 0.14 U/L in Group 4 (500 mg/kg) and 

slightly decreasing in Group 5 (1000 mg/kg). Although these increases were modest, they 

may suggest mild hepatobiliary stress or early signs of cholestasis, particularly at 

intermediate doses. Elevated ALP can be associated with biliary obstruction or hepatic cell 

membrane damage. 

Aspartate Aminotransferase (AST) and Alanine Aminotransferase (ALT)  

AST showed a progressive and dose-dependent increase from 51.48 ± 1.16 U/L in 

the control to 89.00 ± 0.00 U/L in Group 5. A similar trend, though less consistent, was 
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observed in ALT levels, which reached 50.80 ± 1.79 U/L in Group 5 compared to 48.36 ± 

0.81 U/L in the control. The highest levels of these enzymes at 1000 mg/kg indicate 

marked hepatocellular injury. These enzymes, particularly ALT, are reliable indicators of 

liver damage due to their high concentration in hepatocytes. Elevated levels signify 

increased permeability or rupture of hepatocellular membranes. 

Albumin (ALB) 

Serum albumin concentration significantly increased in Group 2 (6.39 ± 0.34 

g/dL), suggesting a possible stimulatory effect of low-dose nanoparticles on liver synthetic 

function. However, at higher doses, especially in Group 5 (4.35 ± 0.24 g/dL), albumin 

levels declined below control levels, indicating impaired protein synthesis. This decline may 

reflect a reduction in liver biosynthetic capacity or damage to hepatocytes responsible for 

albumin production. 

Total Bilirubin (TB), Direct Bilirubin (DB), and Indirect Bilirubin (IDB) 

Bilirubin is a sensitive marker of liver functions, and its elevation indicates 

hepatocellular injury or biliary obstruction (Yao et al., 2020). The significant increase in total 

and indirect bilirubin in rats exposed to 250–1000 mg/kg of nanoparticles suggests that 

ferrous nanoparticles at these concentrations may disrupt hepatocyte integrity or impaired 

the conjugation process in the liver, leading to an accumulation of unconjugated bilirubin 

in the blood. The elevated direct bilirubin levels at 500 and 1000 mg/kg further indicate the 

presence of cholestasis or damage to the bile canalicular membrane (Duhan et al., 2017). 

This dose-dependent effect correlates with previous studies reporting nanoparticle-induced 

oxidative stress and membrane destabilization in hepatic tissues (Fuhan et al., 2017). The 

absence of significant changes at 100 mg/kg implies a threshold below which the 

nanoparticles exert minimal toxic effects on bilirubin metabolism. 

Overall, the pattern of increased TB, DB, and IDB at higher doses demonstrates the 

potential hepatotoxicity of green-synthesized ferrous nanoparticles, emphasizing the 

importance of dose regulation for biomedical applications. 

Total Protein (TP)  

Total proteins were significantly reduced in Groups 3 (4.34 ± 0.30 g/dL) and 5 

(3.34 ± 0.22 g/dL) compared to the control, suggesting compromised synthetic function at 

these doses. Interestingly, TP peaked in Group 4 (6.82 ± 0.84 g/dL), possibly due to an 
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acute-phase response or inflammatory stimulation. Persistent reduction in protein levels at 

the highest dose further supports hepatic dysfunction, possibly indicating impaired 

synthesis or protein catabolism. 

The findings demonstrate a dose-dependent hepatotoxic effect of ferrous 

nanoparticles synthesized from Psidium guajava leaf. The significant elevation of ALP, AST, 

ALT, TB, DB, and IDB at higher doses suggests progressive hepatocellular injury, while 

the reduction in albumin and total protein indicated impaired synthetic function. These 

biochemical interruptions bear clinical relevance, as similar patterns are observed in toxic 

hepatitis, drug-induced liver injury, and heavy metal nanoparticle overload in humans 

(singh et al., 2019; khan et al., 2020; Jaeschke et al., 2021). The relatively stable enzyme levels 

at lower doses (Group 2) may imply a threshold of safety, beyond which the nanoparticles 

exert harmful effects. While ferrous nanoparticles from Psidium guajava show some 

biological activity at lower doses, their administration at higher concentrations (≥500 

mg/kg) results in significant liver toxicity in male Wistar rats. These findings highlight the 

need for dose optimization and safety evaluation before considering any clinical or 

therapeutic application of such nanoparticles. 

Lipid peroxidation Activity in Male Wistar Rats Liver Tissues Administered Ferrous 

Nanoparticles 

This study investigated the oxidative stress and antioxidant response in Wistar rats 

administered various doses (100–1000 ppm) of a treatment with green-synthesized ferrous 

nanoparticles derived from Psidium guajava leaf extract. Key biomarkers analyzed include 

Malondialdehyde (MDA) as a marker of lipid peroxidation, and Superoxide Dismutase 

(SOD) and Catalase (CAT) as endogenous antioxidant enzymes. 

The results demonstrated a dose-dependent biphasic response. At lower doses 

(100–250 ppm), there is a moderate increase in MDA, indicating mild oxidative stress. 

Interestingly, MDA significantly drops at 500 ppm, suggesting that this concentration may 

exert a protective or adaptive antioxidant effect. However, at the highest dose (1000 ppm), 

MDA sharply increases, indicating significant oxidative membrane damage likely due to 

nanoparticle-induced toxicity. Malondialdehyde (MDA) is a reactive aldehyde and a 

byproduct of lipid peroxidation, which occurs when reactive oxygen species (ROS) attack 

polyunsaturated fatty acids in cell membranes. It is commonly used as a biomarker of 

oxidative stress and cellular membrane damage. Elevated MDA levels are indicative of 
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increased lipid peroxidation and oxidative damage, and they are frequently observed in 

conditions such as toxic hepatitis, metal toxicity, and oxidative liver injury (Ayala et al., 

2014).These findings are also consistent with clinical presentations in drug-induced liver 

injury and toxic hepatitis, where elevated MDA and fluctuating antioxidant enzyme 

activities are commonly observed (Bhattacharyya et al., 2014). 

In contrast, SOD and Catalase activities progressively increase with dosage. This 

reflects a compensatory up-regulation of the antioxidant defense system in response to 

reactive oxygen species (ROS) generated by the ferrous nanoparticles. The elevation is 

most profound at 500 ppm and 1000 ppm, aligning with findings by Ogunyemi et al. 

(2019), who reported enhanced antioxidant activity following exposure to green-

synthesized metal nanoparticles in rats. Superoxide dismutase (SOD) is a critical 

antioxidant enzyme that catalyzes the dismutation of superoxide radicals (O₂⁻) into 

molecular oxygen (O₂) and hydrogen peroxide (H₂O₂). It serves as the first line of defense 

against ROS in nearly all living cells. Elevated SOD activity is an adaptive response to 

increased oxidative stress and serves to prevent damage to DNA, proteins, and lipids 

(McCord and Fridovich, 1969; Wu et al., 2014). Whereas catalase is an antioxidant enzyme 

that breaks down hydrogen peroxide (H₂O₂), a potentially harmful byproduct of 

metabolism, into water and oxygen. 

It works in synergy with SOD to protect cells from oxidative damage. High levels 

of catalase indicate a robust antioxidant response but may also reflect a high oxidative load 

where detoxification is actively ongoing (Chelikani et al., 2004). The high catalase level at 

1000 ppm, despite elevated MDA, suggests that the antioxidant system was overwhelmed, 

potentially due to excessive ROS. This phenomenon has been reported in previous studies 

on metal nanoparticle toxicity, including works by Ahmed et al. (2016) and Duhan et al. 

(2017), where higher concentrations caused oxidative damage despite enzymatic up 

regulation.  

This study revealed that the administration of Psidium guajava leaf-derived ferrous 

nanoparticles exhibits dual effects on oxidative balance depending on the dose. While 

moderate doses (especially 500 ppm) appear to enhance the antioxidant defense system and 

minimize oxidative damage, high doses (1000 ppm) result in oxidative stress and potential 

toxicity, as evidenced by elevated MDA despite enzymatic activity. 
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CONCLUSION 

The synthetic process involved the reduction of Fe³⁺ ions to Fe2 using the bioactive 

components of the leaf extract, confirmed through UV-visible spectroscopy, Fourier 

Transform Infrared (FTIR) spectroscopy, and also using GC-MS. The absorption 

characteristic peak of the ultraviolet-visible spectrum of the ferrous nanoparticles was 

observed at 360nm. FTIR spectroscopy further characterized the synthesized nanoparticles, 

revealing prominent absorption peaks associated with functional groups such as hydroxyl 

(O-H), alkane (C-H), and alkene (C=C) groups. The strong O-H stretch at 3417.01 cm⁻¹ 

suggested the presence of phenolic compounds in the extract, which are known for their 

reducing and stabilizing properties in nanoparticle synthesis. This analysis highlighted the 

role of organic molecules, including flavonoids and alkaloids, in the reduction of ferric ions 

to ferrous nanoparticles, thus establishing a chemical foundation for the therapeutic 

applications of FeNPs. 

This study evaluated liver function biomarkers across five groups of wistar rats. 

These findings demonstrate a dose-dependent hepatotoxic effect of ferrous nanoparticles 

synthesized from Psidium guajava leaf. The significant elevation of ALP, AST, ALT, TB, 

DB, and IDB at high doses suggests progressive hepatocellular injury, while the reduction 

in albumin and total protein indicates impaired synthetic function.  

This characterization of FeNPs revealed the highest absorption peak at 360nm 

observed in the UV-visible spectroscopy, Fourier transform infrared spectroscopy (FTIR) 

revealed the presence of functional biomolecules and crystal structure of FeNPs which 

contained some functional groups inference to be: hydroxyl (O-H), alkane (C-H), and 

alkene (C=C) among others. Further, characterization of the FeNPs was elicited by gas 

chromatography mass spectroscopy (GC-MS) showed 12 peaks which are of biological 

significance. 

While ferrous nanoparticles from Psidium guajava show some biological activity at 

lower doses, their administration at higher concentrations (≥500 mg/kg) results in 

significant liver toxicity in male Wistar rats. These findings highlight the need for dose 

optimization and safety evaluation before considering any clinical or therapeutic application 

of such nanoparticles. 

The results demonstrate a dose-dependent biphasic response. At lower doses (100–

250 ppm), there is a moderate increase in MDA, indicating mild oxidative stress. 



Musa Azegya Mustapha, Arowora K. A, Ezeonu C. S, Isaac John Umaru 

 African Journal of Biochemistry and Molecular Biology Research 540 

Interestingly, MDA significantly drops at 500 ppm, suggesting that this concentration may 

exert a protective or adaptive antioxidant effect. However, at the highest dose (1000 ppm), 

MDA sharply increases, indicating significant oxidative membrane damage likely due to 

nanoparticle-induced toxicity. In contrast, SOD and Catalase activities progressively 

increase with dosage. This reflects a compensatory up-regulation of the antioxidant defense 

system in response to reactive oxygen species (ROS) generated by the ferrous 

nanoparticles. 

Histopathological examination of the rats’ liver tissues revealed architectural 

alterations following exposure to green-synthesized ferrous nanoparticles in all treated 

groups. Control group exhibited normal liver architecture, characterized by clear capsular 

spaces (Plate 1). In contrast, liver of wistar rat treated with 100ppm to 500ppm FeNps, 

exhibited congestion of the portal vein as shown in (plate 2 to 4) and liver of wistar rats 

treated with 1000ppm FeNps, exhibited congestion of the central vein and severe necrosis 

of the hepatocytes and the wall of the central vein, severe necrosis coupled with vascular 

congestion at higher doses 1000 ppm (Plates 6). Notably, the 1000 ppm dose induced the 

most pronounced damage, suggesting a threshold for FeNP-induced hepatotoxicity.  
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