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Abstract:   This research investigates the safety of biosynthesized silver nanoparticles derived from Abrus 

precatorius seeds and husk. Characterization of the nanoparticles and crude extracts was conducted 

using UV-visible absorption spectrophotometry, Fourier transform infrared spectrophotometry, 

transmission electron microscopy, scanning electron microscopy, and X-ray diffractometry. Subacute 

toxicity was assessed by administering doses of 0.07 mg/kg, 0.20 mg/kg, and 0.60 mg/kg to the test 

animals, with normal saline as the control. Hematological and histopathological analysis was carried 

out on the blood samples and selected organs. Results indicated that the nanoparticles were 

significantly less toxic than crude extracts, with the lowest dose (0.07 mg/kg) of the biosynthesized 

nanoparticle from the husk showing minimal effects on glomerular and Bowman's capsule regions 

compared to controls. Additionally, a dose lower than 0.07 mg/kg of the biosynthesized silver 

nanoparticles and crude samples of A. precatorius is expected to be a much safer choice in repeated-

dose studies assessing the numerous therapeutic effects of intraperitoneal administration. This study 

suggests that biosynthesized silver nanoparticles from Abrus precatorius are a safer alternative to its 

crude extracts for pharmacological applications and warrant further clinical investigation. 
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Introduction 
Due to the recent quick evolution of various diseases 

through mutation and the rapid emergence of drug resistance 

to antibiotics, anti-cancer, anti-malarial drugs to mention but 

a few, hence, the need to search for alternative drugs or 

methods for controlling resistant pathogens is critical. 

Advanced research in nanotechnology has recently led to the 

development of nano-scale drugs with prominent actions 

against multidrug-resistant pathogens. As a result, the effect 

must be tested before use.  A drug with the best therapeutic 

activities against a particular infection or disease condition 

in the laboratory in vitro and in vivo is expected to be safe 

enough to use at its effective dose. Metal nanoparticles are 

used in some of the most cutting-edge nano-technological 

applications because of their particular mechanism of action, 

which yields the most successful outcomes (Das et al. 2020).  

Silver nanoparticles are increasingly used in various fields, 

including medical, food, health care, consumer, and 

industrial purposes, due to their unique physical and 

chemical properties.  (Wong et al. 2019). Nanosized metallic 

particles are unique and can considerably change physical, 

chemical, and biological properties due to their surface-to-

volume ratio; therefore, these nanoparticles have been 

exploited for various purposes (Cheng et al. 2020). In 

addition to increasing the bioavailability of therapeutic 

agents after systemic and local administration in 

nanoparticle form, nanoparticles' physicochemical 

characteristics can also impact cellular uptake, biological 

distribution, penetration through biological barriers, and the 

subsequent therapeutic effects.   

In comparison with traditional pathology, digital imaging, 

and computational analysis offer improved efficiency and 

robustness in the assessment of toxicity in cells and tissues 

(Baxi et al. 2022; Turner et al. 2020). The availability of 

robust digital image analysis software could reduce time and 

costs and at the same time increase accuracy and 

reproducibility (Madabhushi and Lee 2016). The kidneys 

are the most important organs in the urinary system and 

some of the most essential in the body for the maintenance 

of homeostasis and they are responsible for the elimination 

of toxic substances and wastes from the blood (Emon et al. 

2021; Tang et al. 2020; Clark et al. 2019). The basic 

structural and functional unit of the kidney is called the 

nephron – this contains a primary filter which is called 

glomerulus (Chambers et al. 2020; Solomon and Goldstein 

2017). The glomerulus is the capillary network formed into 

a ball-like structure, it is found in the space within the 

Bowman’s capsule called the Bowman’s space or urinary 

space (Arif and Nihalani. 2013). Changes in the size and 

structure of the Bowman’s capsule, Bowman’s space, and 

glomerulus could indicate significant loss of renal function 

and nephrotoxicity (Yoshiara et al. 1993; Chantler and 

Holliday 1987; Tsuboi et al. 2017).   

Metal nanoparticles (NPs) are used in some of the most 

cutting-edge nano-technological applications because of 

their particular mechanism of action, which yields the most 

successful outcomes (Rao and Gan 2015). Silver 

nanoparticles are increasingly used in various fields, 

including medical, food, health care, consumer, and 

industrial sectors due to their unique physical and chemical 

properties (Jorge De Souza et al. 2019). Nano-sized metallic 

particles are unique and can considerably change physical, 

chemical, and biological properties due to their surface-to-

volume ratio; therefore, these nanoparticles have been 
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exploited for various purposes (Chen and Liang 2020). In 

addition to increasing the bioavailability of therapeutic 

agents after systemic and local administration in 

nanoparticle form, nanoparticles' physicochemical 

characteristics can also impact cellular uptake, biological 

distribution, penetration through biological barriers, and the 

subsequent therapeutic effects.   

Despite numerous reports on the biosynthesis of 

nanoparticles as an eco-friendly and less expensive method 

of nanoparticle synthesis, as well as their improved 

therapeutic effects over natural products used, studies on the 

repeated dose toxicity of biosynthesized nanoparticles are 

scarce. It is critical to evaluate the safety doses of these 

biosynthesized nanoparticles, which are potential drug 

leads, in order to obtain a dose that can be safely used in the 

evaluation of its therapeutic effects. Furthermore, in 

addition to traditional histopathology, computational image 

analysis provides a more accurate, robust, and reproducible 

result of tissue sections in assessing xenobiotic toxicity.  

  

Methods 
Nanoparticle synthesis  

Silver nanoparticles were synthesized using the method 

described by Larayetan et al. 2019. Briefly, 1 part of the 

aqueous extract of the plant part was added to 9 parts of a 

0.10 M solution of silver nitrate. The mixture was then left 

to stir on a magnetic hot plate stirrer at room temperature 

until a visible colour change and precipitate were noticed. 

The precipitate was thereafter centrifuged and washed in 

deionized water to attain a clean nanomaterial. The product 

was then dried in an oven for 24 h at 105 °C. The 

biosynthesized nanoparticles were kept in a sealed sample 

amber bottle awaiting characterization and bioactive assays.    

Characterization of the synthesized nanoparticles  

The synthesized nanoparticle samples as well as the plant 

extract absorption spectra were examined with a Perkin-

Elmer UV-visible absorption spectrophotometer. A Perkin-

Elmer ATR 100 FTIR spectrophotometer was used to obtain 

the vibrational frequencies of the NP samples and the crude 

plant extract. The samples' TEM (Transmission electron 

micrograph) were produced at 100 kV (acceleration voltage) 

by the JOEL 1210 transmission electron microscope, while 

we obtained the electron micrograph via the JSM-6390 

LVSEM scanning electron microscope (SEM) for the 

synthesized samples and seed aqueous extract. We also used 

SEM to amass the EDS (electron diffraction images) of the 

samples. The Bruker D8 X-ray diffractometer was utilized 

to confirm and measure the size, phase, and crystallinity of 

the nanomaterials.  

Dose validation  

A single dose (0.71 mg/kg) of each sample, labeled as pre-

treatment (PT) groups – PTA1, PTA2, PTAB1, and PTB2 

was administered to different animals, based on the result of 

a previous study according to Sunday et al, 2013. The mice 

were observed for signs of toxicity and the observed 

mortality was recorded. The surviving animals were 

observed till the end of the study and euthanised   

Subacute toxicity study  

 Four treatment samples and a control were utilized in the 

study. The treatment samples included two nanoparticles A1 

and B1 synthesized via the bio reduction of natural products 

A2 (shell) and B2 (seed) respectively as well as the natural 

products A2 and B2 which were administered at three 

different doses daily (lowest dose-0.07 mg/kg, mid-dose – 

0.20 mg/kg, and highest dose – 0.60 mg/kg) through 

intraperitoneal injection for 28 days. The negative control 

group received 0.9% normal saline. The mice were 

monitored for clinical signs of toxicity such as weight loss, 

dullness, spasms, diarrhea, and grooming over the course of 

the study. Animals that died during the course of the study 

had their organs harvested for histopathological 

examination. During the study, a peripheral blood smear was 

taken after two days of administration. At the end of the 

study, the surviving animals were sacrificed and their blood 

was collected for hematological study, peripheral blood 

smear was made and bone marrows were collected for 

micronucleus assay to determine the genotoxicity of the 

different treatment samples and at different doses.  

Organs of the sacrificed animals were also collected for 

histopathological examination to assess the target organ-

directed toxicity of the treatment samples.   

Statistics: Computational image analysis was performed on 

the kidney photomicrographs of all surviving animals using 

QuPath bioimage analysis software to assess the effect of the 

treatment samples on the morphology of the Bowman's 

capsule, Bowman's space, and glomerulus.  

 

Results  

Nanoparticle characterization  

Upon the completion of the synthesis, different analytical 

techniques were employed to characterize the products, 

establish the formation of the nanomaterials, and bioactive 

potential of the aqueous A. precatorius-extracts mediated 

silver nanoparticles.  

Ultraviolet-visible spectroscopy  

The addition of plant part extract to silver nitrate to obtain 

AgNP produces a black colour formation, hence the need for 

Ultraviolet-Visible spectroscopy measurement (Figure 1A). 

The UV-Vis study was carried out in distilled water at a 

concentration of 10-3 at room temperature. The compounds 

were sparingly soluble in water, but on agitation, solubility 

was achieved.   

Fourier transform infrared (FTIR) spectroscopy  

The FTIR results are as presented in Figures 1B, 1C, and 1D. 

The relevant bands' data are depicted in the spectra below 

(Figures 1B, 1C, and 1D). The FTIR spectra show some 

characteristic bands assignable to some functional groups 

observed in the fingerprint and infrared region. The relevant 

bands' data are depicted in the spectra in Figures 1B, 1C, and 

1D.   

Scanning electron microscopy, transmission electron 

microscopy, and energy dispersive X-ray spectroscopy   

The Scanning electron microscopy (SEM) and energy 

dispersive X-ray spectroscopy (EDX) of the seed and shell 

extracts mediated silver nanoparticles were carried out to 

reveal the external morphology (Figure 1E and 1F), as well 

as the biosynthesized nano elemental composition (Figure 

5I). The EDX image indicated that silver nanoparticles were 

synthesized from the plant extract reduction of the silver 

nitrate salt and the average nanoparticles dimensions are as 

displayed in Figure 1G and 1H (TEM image).  
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Figure 1: Characterization of Abrus precatorius using UV (A), FTIR (B, C and D), SEM (E and F), TEM (G and H), and     

                 EDX (I).  
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*: Significant differences from 

negative control group * (p<.05), ** 

(p<.01), and *** (p<.001) WBC: 

White Blood Cells; Lymph: 

Lymphocytes; Mid: Other types of 

white blood cells; Gran: 

Granulocytes; HGB: Haemoglobin; 

RBC: Red Blood Cells; HCT: 

Haematocrit; MCV: Mean Cell 

Volume; MCH: Mean Cell 

Haemoglobin; MCHC:  Mean Cell 

Haemoglobin Concentration; RDW: 

Red cell Distribution Width; PLT: 

Platelet count; MPV: Mean Platelet 

Volume; PCT: Plateletcrit; NC: 

Negative Control. Normal ranges 

were obtained from The Mouse in 

Biomedical Research, Volume 3, 

Second Edition   (Tecklenborg et al., 

2018)material 

Husk-mediated nanomaterial 

Aqueous seed extract 

Seed nanoparticles 

Shell nanoparticles 
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HAEMATOLOGICAL ANALYSIS 

 

Table 1 presents the results of the hematological analysis conducted on the mice given sample A1 at different doses.  

 

 Table 1: Summary of haematological values of mice given sample A1 and negative control (NC) for 28 days. 

 

  

 

 

 

 

 

 

 

 

 

 

 

Parameters A1 - 0.07mg/kg A1 - 0.20mg/kg A1 - 0.60mg/kg NC  Normal range 

WBC (× 103/µL) 6.40 ± 2.00 3.80 ± 1.00 4.80 ± 0.00 4.30 ± 0.00  2-10 

Lymph# (× 103/µL) 1.35 ± 0.00 1.35 ± 1.00 1.10 ± 1.00 1.20 ± 0.00  2.88-11.15b 

Mid# (× 103/µL) 3.30 ± 1.00 1.10 ± 1.00 1.40 ± 1.00 1.95 ± 0.00  0.43-3.64 b 

Gran# (× 103/µL) 1.75 ± 0.00 1.35 ± 0.00 2.30 ± 1.00 1.15 ± 0.00  0.00-2.66 b 

Lymph% 20.45 ± 0.00 33.15 ± 6.00 22.70 ± 12.00 28.05 ± 9.00   

Mid% 51.55 ± 1.00 24.95 ± 16.00 29.80 ± 22.00 45.15 ± 6.00   

Gran% 28.00 ± 0.00 41.90 ± 22.00 47.50 ± 10.00 26.80 ± 3.00   

HGB (g/dL) 13.90 ± 0.00 11.65 ± 2.00 10.60 ± 3.00 15.10 ± 0.00  10-17 

RBC (× 106/µL) 9.49 ± 0.00 6.66 ± 3.00 6.24 ± 3.00 9.75 ± 0.00  7-11 

HCT (%) 47.20 ± 1.00 38.25 ± 9.00 35.10 ± 13.00 55.10 ± 3.00  35-52 

MCV (fL) 49.75 ± 0.00 63.80 ± 14.00 64.30 ± 15.00 56.55 ± 1.00  45-55 

MCH (pg) 14.60 ± 0.00 20.00 ± 6.00 20.00 ± 6.00 15.45 ± 0.00  15-18 

MCHC(g/dL) 29.45 ± 1.00 30.95 ± 2.00 30.80 ± 2.00 27.40 ± 1.00  30-38 

RDW-CV (%) 18.00 ± 1.00 16.75 ± 1.00 16.05 ± 1.00 19.00 ± 0.00  16-23 

RDW-SD (fL) 28.00 ± 0.00 38.85 ± 11.00 35.25 ± 8.00 35.05 ± 1.00   

PLT (× 103/µL) 650.00 ± 13.00 339.50 ± 317.00** 414.00 ± 199.00 793.50 ± 53.00  900-1600 

MPV (fL) 6.20 ± 0.00 9.20 ± 3.00 7.30 ± 1.00 6.60 ± 1.00  4-6 

RDW (%) 14.80 ± 0.00 16.50 ± 2.00 15.30 ± 0.00 16.30 ± 1.00  11-14 or 16-23a 

PCT (%) 0.41 ± 0.00 0.21 ± 0.00* 0.28 ± 0.00 0.53 ± 0.00  0.36-0.96 

 

*: Significant differences from negative control group * (p<.05), ** (p<.01), and *** (p<.001) WBC: White Blood Cells; Lymph: 

Lymphocytes; Mid: Other types of white blood cells; Gran: Granulocytes; HGB: Haemoglobin; RBC: Red Blood Cells; HCT: 

Haematocrit; MCV: Mean Cell Volume; MCH: Mean Cell Haemoglobin; MCHC:  Mean Cell Haemoglobin Concentration; RDW: 

Red cell Distribution Width; PLT: Platelet count; MPV: Mean Platelet Volume; PCT: Plateletcrit; NC: Negative Control. Normal 

ranges were obtained from The Mouse in Biomedical Research, Volume 3, Second Edition (Ihedioha, 2012; E. Everds, 2007) 
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Figure 2 presents the results of the hematological analysis conducted on mice administered different doses of samples A1 and 

A2.  

 

Figure 2: Comparative Impact of A1 and A2 Treatments on Blood Parameters: Platelet Counts (PLT) (A and D), Red Blood      

Cell Parameters (C and F), and Plateletcrit (PCT) (E).  
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Table 2 and Figure 3 present the results of the hematological analysis conducted on mice administered different doses of sample.  

 

 Table 2: Summary of haematological values of mice given sample A2 and negative control (NC) for 28 days. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Parameters A2 - 0.07mg/kg A2 - 0.20mg/kg A2 - 0.60mg/kg NC Normal range 

WBC (× 103/µL) 3.40 ± 1.00 7.15 ± 3.00 9.70 ± 6.00 4.20 ± 0.00 2-10 

Lymph# (× 103/µL) 1.15 ± 0.00 1.50 ± 1.00 2.30 ± 1.00 1.50 ± 0.00 2.88-11.15b 

Mid# (× 103/µL) 1.25 ± 1.00 1.80 ± 0.00 1.50 ± 0.00 1.70 ± 0.00 0.43-3.64 b 

Gran# (× 103/µL) 1.00 ± 0.00 3.85 ± 2.00 5.90 ± 5.00 1.00 ± 0.00 0.00-2.66 b 

Lymph% 39.55 ± 19.00 17.25 ± 11.00 29.75 ± 9.00 36.80 ± 0.00  

Mid% 30.50 ± 20.00 30.70 ± 16.00 26.10 ± 17.00 39.40 ± 0.00  

Gran% 29.95 ± 2.00 52.05 ± 5.00 44.15 ± 27.00 23.80 ± 0.00  

HGB (g/dL) 14.60 ± 1.00 12.90 ± 1.00 11.35 ± 2.00 14.80 ± 0.00 10-17 

RBC (× 106/µL) 7.29 ± 2.00 6.98 ± 3.00 6.67 ± 3.00 9.51 ± 0.00 7-11 

HCT (%) 46.70 ± 1.00 43.20 ± 4.00 37.75 ± 10.00 52.40 ± 0.00 35-52 

MCV (fL) 71.05 ± 21.00 69.15 ± 20.00 64.30 ± 16.00 55.10 ± 0.00 45-55 

MCH (pg) 22.65 ± 8.00 20.80 ± 6.00 20.15 ± 7.00 15.50 ± 0.00 15-18 

MCHC(g/dL) 32.25 ± 3.00 29.85 ± 1.00 30.75 ± 3.00 28.20 ± 0.00 30-38 

RDW-CV (%) 15.00 ± 3.00 17.25 ± 0.00 18.75 ± 0.00 19.00 ± 0.00 16-23 

RDW-SD (fL) 36.40 ± 8.00 39.65 ± 12.00 40.90 ± 13.00 35.70 ± 0.00  

PLT (× 103/µL) 323.50 ± 214.00 389.00 ± 197.00 492.50 ± 85.00 740.00 ± 0.00 900-1600 

MPV (fL) 7.65 ± 2.00 7.80 ± 2.00 6.70 ± 1.00 5.90 ± 0.00 4-6 

RDW (%) 15.00 ± 1.00 15.05 ± 0.00 15.25 ± 1.00 15.10 ± 0.00 11-14 or 16-23a 

PCT (%) 0.22 ± 0.00 0.24 ± 0.00 0.32 ± 0.00 0.44 ± 0.00 0.36-0.96 

*: Significant differences from negative control group * (p<.05), ** (p<.01), and *** (p<.001) WBC: White Blood Cells; Lymph: Lymphocytes; Mid: 
Other types of white blood cells; Gran: Granulocytes; HGB: Haemoglobin; RBC: Red Blood Cells; HCT: Haematocrit; MCV: Mean Cell Volume; MCH: 

Mean Cell Haemoglobin; MCHC:  Mean Cell Haemoglobin Concentration; RDW: Red cell Distribution Width; PLT: Platelet count; MPV: Mean Platelet 

Volume; PCT: Plateletcrit; NC: Negative Control. Normal ranges were obtained from The Mouse in Biomedical Research, Volume 3, Second 

Edition   (Ihedioha, 2012; E. Everds, 2007). 

 

http://www.ftstjournal.com/


Biosynthesized Silver Nanoparticles from Abrus Precatorius: Subacute Toxicity Assessment and Bioimaging Analysis for Enhanced Pharmacological Insight 

FUW Trends in Science & Technology Journal, www.ftstjournal.com 

e-ISSN: 24085162; p-ISSN: 20485170; August, 2024: Vol. 9 No. 2 pp. 063 – 081  486 

 
Figure 3: Comparative Impact of B1 and B2 Treatments on Blood Parameters: Platelet Counts (PLT) (B and C), White Blood 

Cell Parameters A and D, and Hematocrit (HCT) (E).  
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Table 3 presents the results of the hematological analysis conducted on mice administered different doses of sample B1 and the 

negative control.  

 

 Table 3: Summary of haematological values of mice given sample B1 and negative control (NC) for 28 days. 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameters B1 - 0.07mg/kg B1 - 0.20mg/kg B1 - 0.60mg/kg NC Normal range 

WBC (× 103/µL) 7.25 ± 1.00 11.70 ± 3.00 6.90 ± 2.00 4.20 ± 0.00 2-10 

Lymph# (× 103/µL) 0.85 ± 0.00 3.45 ± 3.00 1.65 ± 0.00 1.50 ± 0.00 2.88-11.15b 

Mid# (× 103/µL) 2.45 ± 2.00 2.85 ± 2.00 2.40 ± 2.00 1.70 ± 0.00 0.43-3.64 b 

Gran# (× 103/µL) 3.95 ± 1.00 5.40 ± 2.00 2.85 ± 0.00 1.00 ± 0.00 0.00-2.66 b 

Lymph% 12.20 ± 2.00 24.80 ± 16.00 25.20 ± 6.00 36.80 ± 0.00  

Mid% 29.90 ± 25.00 31.50 ± 24.00 30.15 ± 22.00 39.40 ± 0.00  

Gran% 57.90 ± 23.00 43.70 ± 8.00 44.65 ± 17.00 23.80 ± 0.00  

HGB (g/dL) 14.40 ± 1.00 12.70 ± 4.00 14.60 ± 1.00 14.80 ± 0.00 10-17 

RBC (× 106/µL) 7.18 ± 3.00 4.62 ± 0.00 7.58 ± 2.00 9.51 ± 0.00 7-11 

HCT (%) 46.40 ± 6.00 28.60 ± 0.00 46.80 ± 5.00 52.40 ± 0.00 35-52 

MCV (fL) 70.80 ± 17.00 62.10 ± 0.00 49.95 ± 4.00 55.10 ± 0.00 45-55 

MCH (pg) 22.40 ± 7.00 19.20 ± 0.00 20.45 ± 5.00 15.50 ± 0.00 15-18 

MCHC(g/dL) 31.25 ± 2.00 31.10 ± 0.00 31.35 ± 2.00 28.20 ± 0.00 30-38 

RDW-CV (%) 14.65 ± 2.00 19.60 ± 0.00 16.40 ± 1.00 19.00 ± 0.00 16-23 

RDW-SD (fL) 34.45 ± 6.00 40.10 ± 0.00 35.20 ± 6.00 35.70 ± 0.00  

PLT (× 103/µL) 379.50 ± 194.00 440.00 ± 9.00 477.00 ± 287.00 740.00 ± 0.00 900-1600 

MPV (fL) 6.85 ± 1.00 7.20 ± 1.00 7.80 ± 2.00 5.90 ± 0.00 4-6 

RDW (%) 15.25 ± 1.00 15.50 ± 1.00 15.35 ± 0.00 15.10 ± 0.00 11-14 or 16-23a 

PCT (%) 0.24 ± 0.00 0.32 ± 0.00 0.32 ± 0.00 0.44 ± 0.00 0.36-0.96 

*: Significant differences from negative control group * (p<.05), ** (p<.01), and *** (p<.001) WBC: White Blood Cells; Lymph: 

Lymphocytes; Mid: Other types of white blood cells; Gran: Granulocytes; HGB: Haemoglobin; RBC: Red Blood Cells; HCT: 

Haematocrit; MCV: Mean Cell Volume; MCH: Mean Cell Haemoglobin; MCHC:  Mean Cell Haemoglobin Concentration; RDW: Red 

cell Distribution Width; PLT: Platelet count; MPV: Mean Platelet Volume; PCT: Plateletcrit; NC: Negative Control. Normal ranges were 

obtained from The Mouse in Biomedical Research, Volume 3, Second Edition   (Ihedioha, 2012; E. Everds, 2007). 
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Table 4 below presents the results of the hematological analysis conducted on mice administered the lowest dose (0.07 mg/kg) of 

sample B2. 

 

Table 4: Summary of haematological values of mice given sample B2 and negative control (NC) for 28 days. 

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameters B2 - 0.07mg/kg NC Normal range 

WBC (× 103/µL) 5.80 ± 3.00 4.20 ± 0.00 2-10 

Lymph# (× 103/µL) 2.00 ± 1.00 1.50 ± 0.00 2.88-11.15b 

Mid# (× 103/µL) 2.15 ± 2.00 1.70 ± 0.00 0.43-3.64 b 

Gran# (× 103/µL) 1.65 ± 0.00 1.00 ± 0.00 0.00-2.66 b 

Lymph% 38.65 ± 9.00 36.80 ± 0.00  

Mid% 27.85 ± 19.00 39.40 ± 0.00  

Gran% 33.50 ± 10.00 23.80 ± 0.00  

HGB (g/dL) 15.20 ± 1.00 14.80 ± 0.00 10-17 

RBC (× 106/µL) 7.50 ± 2.00 9.51 ± 0.00 7-11 

HCT (%) 47.10 ± 2.00 52.40 ± 0.00 35-52 

MCV (fL) 66.55 ± 17.00 55.10 ± 0.00 45-55 

MCH (pg) 21.55 ± 6.00 15.50 ± 0.00 15-18 

MCHC(g/dL) 32.20 ± 1.00 28.20 ± 0.00 30-38 

RDW-CV (%) 15.90 ± 3.00 19.00 ± 0.00 16-23 

RDW-SD (fL) 34.80 ± 5.00 35.70 ± 0.00  

PLT (× 103/µL) 417.00 ± 315.00 740.00 ± 0.00 900-1600 

MPV (fL) 7.40 ± 1.00 5.90 ± 0.00 4-6 

RDW (%) 15.20 ± 1.00 15.10 ± 0.00 11-14 or 16-23a 

PCT (%) 0.27 ± 0.00 0.44 ± 0.00 0.36-0.96 

*: Significant differences from negative control group * (p<.05), ** (p<.01), and *** (p<.001) WBC: White Blood 
Cells; Lymph: Lymphocytes; Mid: Other types of white blood cells; Gran: Granulocytes; HGB: Haemoglobin; 

RBC: Red Blood Cells; HCT: Haematocrit; MCV: Mean Cell Volume; MCH: Mean Cell Haemoglobin; MCHC:  

Mean Cell Haemoglobin Concentration; RDW: Red cell Distribution Width; PLT: Platelet count; MPV: Mean 
Platelet Volume; PCT: Plateletcrit; NC: Negative Control. Normal ranges were obtained from The Mouse in 

Biomedical Research, Volume 3, Second Edition   (Everds, 2007). 
a: Red blood cell distribution width values are inconsistent among different instruments. in part because 

instruments use different formulas in the calculation of this parameter. b :Reference values obtained from a study 

conducted by Ihedioha et al., 2012 (Ihedioha et al., 2012). 
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HISTOPATHOLOGICAL EXAMINATION  

The results of the histopathological examination carried out on selected organs of the mice administered sample A1 and A2 are 

given in the table below.  

 

Table 5: Histopathological findings on the heart at the end of the 28-day intraperitoneal         administration of Sample A1. 

 

 – absent, + mild, ++ moderate and +++ severe vascular congestion accompanied with mononuclear infiltrates and/or edema 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Organ 

 

Histopathological 

Finding 

Treatment 

Negative 

control 

A1  

0.07mg/kg 

A1 

0.20mg/kg 

A1 

0.60mg/kg 

Heart 

Vascular 

congestion 

- ˗ ˗ ++ 

Cardiac edema - ˗ ˗ ++ 

Mononuclear 

infiltrates 

˗ ˗ ˗ ++ 

Kidney 

Vascular 

congestion 

- ˗ ˗ + 

Renal edema ˗ ˗ ˗ ˗ 

Liver Vascular 

congestion 

- + ++ +++ 

Hepatic edema - + ++ ˗ 

 
Negative 

control 

A2 

0.07mg/kg 

A2 

0.20mg/kg 

A2 

0.60mg/kg 

Heart 

Vascular 

congestion 

- ˗ ++ ˗ 

Cardiac edema - ˗ ˗ ˗ 

Mononuclear 

infiltrates 
˗ ˗ ++ ˗ 

Kidney 

Vascular 

congestion 

- ˗ ˗ ˗ 

Renal edema ˗ ˗ ˗ ˗ 

Liver Vascular 

congestion 

- + ++ +++ 

Hepatic edema - ˗ + ˗ 
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The results of the histopathological examination carried out on selected organs of the mice administered sample B1 and B2 are 

given in the table below.  

 

 

Table 6: Histopathological findings on the heart at the end of the 28-day intraperitoneal     administration of Samples B1 and  

B2, and pretreatment samples PTA1, PTA2 and PTB1. 

 

 

– absent, + mild, ++ moderate and +++ severe vascular congestion accompanied with mononuclear infiltrates and/or edema. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Organ 

 

Histopathological 

Finding 

Treatment 

Negative 

control 

B1 

0.07mg/kg 

B1 

0.20mg/kg 

B1 

0.60mg/kg 

Heart 

Vascular 

congestion   - 
˗         ++        +++ 

Cardiac edema   - ˗ - + 

Mononuclear 

infiltrate 
˗ ˗         ++ ˗ 

Kidney 

Vascular 

congestion 
- ˗ ˗ + 

Renal edema ˗ ˗ ˗ + 

Liver 

Vascular 

congestion 
- + ++ +++ 

Hepatic edema - + - +++ 

 
Negative 

control 

B2 

0.07mg/kg 

Heart 

Vascular 

congestion 
-   +++ 

Cardiac edema -   +++ 

Mononuclear 

infiltrates 
-   +++ 

Kidney 

Vascular 

congestion 
-     + 

Renal edema ˗     + 

Liver 

Vascular 

congestion 
-    ++ 

Hepatic edema -    ++ 

 Negative 

control 

PTA1 

0.71mg/kg 

PTA2 

0.71mg/kg 

PTB1 

0.71mg/kg 

Heart 

Vascular 

congestion   - ++ ˗ + 

Cardiac edema   -          ˗           ˗ + 

   Mononuclear 

filtrates 

- 
++ - + 

Kidney 

Vascular 

congestion 

  -          ˗ +         ++ 

Renal edema            - ˗ -         ++ 

Liver 

Vascular 

congestion 

  -         ++         ++         ++ 

Hepatic edema   -         ++         ++         ++ 
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COMPUTATIONAL IMAGE ANALYSIS  

 

A representative photomicrograph of tissue cross section as shown in Figure 4 below, annotated Bowman’s capsule and a sample 

output of the automatic detection of the Bowman’s space and glomeruli.  

  

 
      

     Figure 4:  Representative images of H & E kidney tissue cross-section at different zoom levels (H&E, X100). (a) A kidney 

cross-section showing annotated glomeruli indicated by the annotated polygons; scale bar: 100 µm (b) An enlarged image of the 

kidney cross section showing a single Bowman’s capsule; scale bar: 50 µm. (c) A single annotated Bowman’s capsule with tubules 

in the background; scale bar: 20 µm. (d) An image generated by computational analysis showing an annotated Bowman’s capsule 

(indicated by the Polyline), the glomerulus (yellow polygon), and empty spaces between the region of annotation (in blue) which 

represent the Bowman’s space. 

  

  

    

  

Bowman’s  

Bowman’s space   Glomerulu 

) ( a   ( b )   

( d )   
( c )   
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Figure 5: Comparative analysis of sample A1 (A, B and C) and sample A2 (D, E and F) treatment effects on mouse kidney: 

positive pixel area (PPA), region of interest area (ROIA), positive percentage of total region of interest area (PPTRA) and negative 

percentage of total region of interest area (NPPTRA) and bowman's capsule perimeter. 

 

 

 

 

A B 

C D 

E F 
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Figure 6: Comparative analysis of sample B1 (A, B, and C) and sample B2 (D, E, and F) treatment effects on mouse kidney: 

positive pixel area (PPA), region of interest area (ROIA), positive percentage of the total region of interest area (PPTRA) and 

negative percentage of the total region of interest area (NPPTRA) and bowman's capsule perimeter.  

  

A B 

C D 

E F 
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DISCUSSION 

Ultraviolet-visible spectroscopic analysis indicated that 

compound A1 showed transitions around 266– 275 nm 

attributed to π-π* and B1 exhibited transitions around 345 

nm attributed to n-π*. These transitions can be attributed to 

C=C as well as localized surface plasmon resonance (LSPR) 

band in the compounds characteristics of silver 

nanoparticles usually found between 345 – 450 nm and the 

presence of hetero atoms such as nitrogen in B1.   

Meanwhile, the infrared spectra reveal bands in the region 

of 1633-1637 cm-1 attributed to H2C=NH and the presence 

of coordinated water is indicated by a band in the region 

3625–3897 cm-1. The presence of CH stretching frequency 

in alkanes was confirmed by bands around 2320–2351 cm-1. 

A strong band around 1383 and 1384 cm-1 observed in 

Figures 1C and 1D is attributed to NO2 stretch. The bands in 

the spectra around 666–674 cm-1 are allotted to frequency 

stretching of (Ag-O from AgO2-) bond formation, 

confirming the bio-reduction of AgNO3 to elemental Ag0 

forming AgNPs. Similar results were reported by Sivaraj et 

al. 2014 and Ahmad et al. 2019.  

The results of the TEM images indicate that the materials 

were spherical in shape with an average size in the range of 

240 nm. Non-uniform spherical images were captured by the 

TEM micrograph of the nanomaterials as shown in Figure 

1G and H. The TEM micrographs indicated that the 

materials did not agglomerate, which complements the SEM 

results (Figure 1E, and F) in this study.  

Pre-treatment toxicity results of the single dose of 0.71 

mg/kg of samples A1, A2, B1 and B2 on mice labelled as 

PTA1, PTA2, PTB1 and PTB2 respectively showed that the 

B2 sample PTB2) was the most toxic as depicted in the 

histopathological results images in Table 6. The pre-treated 

animals did not recover from the administered dose with the 

exception of PTA1, which had a normal kidney and PTA2 

which had a normal heart. The PTB2 group died within 72 

hours of receiving the dose. This resulted further guided the 

dose(s) selection in the subsequent subacute toxicity study.  

During the subacute toxicity study, body weight examination 

was carried out on mice which received daily intraperitoneal 

doses of extracts of seed and shell of Abrus precatorius and 

its biosynthesized nanoparticles. According to Porwal et al. 

2017 and Zhang et al. 2021, both reduction and increase in 

the body weight are important indicators in assessing the 

toxicity of a test sample (Zhang et al. 2021; Porwal et al. 

2017). The marked decrease in body weight (results not 

included) observed in the highest and mid dose of the Abrus 

precatorius seed sample (sample B2) group before their 

eventual death within the first week could be due to the loss 

of appetite following the administration of the test sample 

leading to the loss of adipose tissue or muscle wasting 

(Srivastava et al. 2021; Mughal et al. 2021; Baxi et al. 

2022). From a previous study on the intraperitoneal 

administration of aqueous extract of Abrus precatorius seeds 

on rats, there was a significant decrease in the body weight 

of test animals which received 0.20 mg/kg of the test sample 

when compared with the control; no mortality was observed 

at this dose for 14 days (Sunday et al. 2013). Perhaps due to 

the less toxic nature of the Abrus precatorius shell as 

compared with the seed (Madabhushi and Lee. 2016; Emon 

et al. 2021), the reduced toxicological response was evident 

in the biosynthesized nanoparticles of the plant part. The test 

animals treated with the seed shell mediated nanoparticles 

(sample A1) showed a generally less significant change in 

weight when compared with the seed-mediated 

nanoparticles (sample B1). The general increase in the body 

weight of the test animals could confirm research conducted 

by Niyogi and Rieders which stated that mice could develop 

tolerance to the toxic principles of Abrus precatorius (Tang 

et al. 2020). Photomicrographs of the histopathological 

examination of the heart, liver and kidney sections (not 

included) of the non-surviving animals showed severe 

vascular congestion of the heart, liver and the kidney, 

cortical haemorrhage of the kidney and edema especially in 

the liver and the heart highlighting the toxicity of the B2 

sample at these doses. As indicated by Table 1 and Table 2, 

and likewise illustrated by Figures 2 and 3, A2 and B1 

treatment group both had an increase in platelet number as 

the doses increased which means that both samples could 

either stimulate platelet production (Nurden and Nurden, 

2020) or this could be a sign of inflammation which often 

leads to increased platelet count (Qian et al. 2020; 

Romandini et al. 2018). As indicated in Table 1 and Table 2, 

the A2 and B1 treatment group both had an increase in 

platelet number as the doses increased which means that 

both samples could either stimulate platelet production 

(Nurden and Nurden. 2020) or this could be a sign of 

inflammation which often leads to increased platelet count 

(Romandini et al. 2018; Qian et al. 2020). It was also 

observed that granulocyte percentage (Gran%) increased 

with increase in the dose in sample A1 as illustrated in 

Figure 2C.  

An increase in the percentage of granulocytes (neutrophil 

being the most abundant (Rosales, 2018; O'connell et al. 

2015) has recently been associated with liver impairment, 

disease or inflammation (Tang et al. 2021; Cho and Szabo. 

2021); this further corroborates the result of the 

histopathological result given in Table 5 which showed an 

increase in the extent of hepatic vascular congestion with 

increasing dose. As shown in Figure 2, there was a dose 

related increase in the mean cell volume (MCV) in the 

sample A1 treatment groups, however, the difference 

between MCV between the mid dose (0.20mg/kg) and the 

highest dose (0.60 mg/kg) was less than one femtolitre. 

Figures 2 and 3 indicate that with increasing dose of samples 

A2 and B1, there was a complimentary reduction in an 

initially very high MCV as compared with the negative 

control and the normal range; this could indicate a gradual 

correction of a likely macrocytic anaemia with increasing 

dose, or correction of iron deficiency due to the high iron 

content in samples A2 and B1 (Chakradhari et al. 2019). It 

was also observed that there was a dose dependent decline 

in the values of RBC (red blood cell count), haematocrit 

(HCT) and hemoglobin (HGB) in samples A2 and A1 

according to Figures 2 implying a likely condition of 

anaemia (Pisulkar et al. 2021) or a damage to the liver as 

suggested by the photomicrographs of liver sections of both 

sample A1 and A2 in Figures 19 and 21 (Xie et al. 2016; 

Yang et al. 2018).  

Since HGB and HCT values are indicative of anaemia 

therefore, the result shown in Figures 2F and 2C shows that 

there is an increase in anaemic tendency with increase in the 

doses of samples A2 and A1 respectively: RBC (red blood 

cell count) and haematocrit (HCT), were lower in the B2 

treatment group as compared with the negative control. In 

all the treatment groups, and at all doses except in the 

highest dose of B1 (0.60 mg/kg) (Table 3) and lowest dose 

of A1 as shown in Table 1, the values of the mean cell 

volume were higher when compared with the negative 

control group and the normal range (E. Everds 2007); this 

could indicate a form of anaemia called macrocytic anaemia 

in which the average size of the red blood cells are larger 

than normal; this abnormal size could be due to nutrient 

deficiency (Newhall et al. 2020; Kujovich 2016) or a liver 

impairment (Yang et al. 2018; Zhao et al. 2021). The latter 

is highly likely due to the increasing severity of vascular 

congestion with increasing dose observed in the 
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histopathological examination of the liver of the treatment 

groups as shown in Tables 5 and 6. 

However, at the highest dose of sample A1 (0.60 mg/kg), 

there was approximately 15% decrease in the number of 

lymphocytes when compared with the mid dose and the 

lowest dose which were of equal values; this suggests that at 

higher doses sample A1 could also cause lymphopenia. The 

platelet count of sample A1 mid dose and highest dose 

treatment groups were far lower than the negative control 

treatment groups suggesting thrombocytopenia and this 

could be due to a condition liver impairment or fibrosis (Cai 

et al. 2018; Karagoz et al. 2014). More so, the liver is the 

site of the production of thrombopoietin (a hormone which 

regulates platelet production) (Kuter 2013). The observed 

thrombocytopenia (decreased platelet count) could also be 

as result of the destruction of platelets and circulation of 

premature and large platelets as suggested by the high mean 

platelet volume (Benlachgar et al., 2020; Gulati et al., 2017). 

As shown in Table 1, the WBC (white blood cells) and 

Lymph# (lymphocyte number) of the lowest dose treatment 

group of the A1 sample were higher than the negative 

control group; this suggests inflammation which could lead 

to widespread organ damage (Chen et al. 2018; Ernandez 

and Mayadas. 2016). The results of histopathological 

examination shown in Table 6 confirm a likely inflammation 

in the surviving B2 treatment group (0.07 mg/kg) more so 

all the selected organs had both vascular congestion and 

edema, and the heart photomicrographs had mononuclear 

infiltrates. The histopathological examination of the animals 

which received 0.71 mg/kg single intraperitoneal dose of the 

treatment samples at the start of the study still showed signs 

of hepatotoxicity at the end of the study as illustrated in 

Table 6. Also, Table 5 showed that the A1-treated animal had 

a normal kidney and also demonstrated that the A2- treated 

animal had a normal heart, this further corroborated the 

result of the repeated-dose subacute toxicity study which 

suggested that the most susceptible organ to toxicity for the 

treatment samples was the liver-confirming its role as the 

primary site of biotransformation of xenobiotics (Beyerle et 

al. 2015; Lindamood. 2020). Meanwhile, liver is a major 

organ involved in the accumulation, processing and 

clearance of nanoparticles from the body (Campbell et al. 

2018; Tsoi et al. 2016). The presence of mononuclear 

filtrates in the heart micrographs of the highest dose of A1, 

the mid dose of A2 and B1, the highest dose of B1 and in the 

least dose of sample of B2 shows that at sufficiently high 

doses, all the treatment samples could cause an 

inflammation of the myocardium. This result is consistent 

with results of previous research studies on parts of Abrus 

precatorius which indicated myocarditis and 

cardiomyopathy (Saganuwan et al. 2011; Saganuwan et al. 

2014; Maregesi et al. 2016; Tion et al. 2018). In recent 

times, there has been attempts to interpret photomicrographs 

of tissues obtained from microscope camera with special 

imaging softwares which are able to accurately detect and 

measure morphological and structural features of digital 

images of tissue sections.  

The results of digital morphometry of the Bowman’s 

capsule, Bowman’s space and glomeruli in this study 

indicated that upon the administration of sample A1, there 

was a dose-related increase in the Bowman’s capsule’s area 

as shown in Figure 5, the area increased from 1344.93 ± 

98.34 µm2 at the least dose (0.07mg/kg) to 1759.93 ± 95.70 

µm2 at the highest dose (0.60 mg/kg). The measurements 

were significantly lower at p<.001 implying that the 

Bowman’s capsule of the mice treated with sample A1 were 

significantly smaller in size when compared with the 

negative control. Meanwhile, the area of the Bowman’s 

space was not significantly different from the negative 

control. The percentage of the glomerulus in the Bowman’s 

capsule (PPTRA) according to Figure 5B shows that the mid 

and high dose groups of sample A1 had glomeruli that were 

moderately larger in comparison with their Bowman’s 

capsule than the negative control at p<.01. This could imply 

an instance of glomerular hypertrophy which could be as a 

result of an enlargement of the glomerular capillary due to 

hyperfiltration (Helal et al. 2012; Cortinovis et al. 2022).  

Figure 5E also shows that the Bowman’s space is 

moderately significantly higher in the sample A1 mid dose 

and high dose than the negative control, this indicates an 

enlargement of the Bowman’s space as a result of an 

increase in flow into the Bowman’s space due to 

hyperfiltration (Tobar et al. 2013; Chagnac et al. 2019). 

Similarly, Figure 5C shows that the perimeter of the 

Bowman’s capsule increases with the increase in dose of 

sample A1 and it confirms the earlier measurement of area. 

Just like the area of the Bowman’s capsule, the perimeter of 

the Bowman’s capsule in the mice administered sample A1 

increased by approximately 6% when the dose was 

increased to 0.20 mg/kg and by approximately 13% when 

increased to the highest dose (0.60 mg/kg). This shows that 

sample A1 has a dose-dependent effect on the size of both 

the Bowman’s capsule, Bowman’s space and the 

glomerulus. Sales et al., reported that drugs such as 

amphotericin B, polymyxins, and tenofovir could adversely 

affect the Bowman’s capsule (Sales and Foresto. 2020). 

Figure 5D shows that the size of the glomerulus (PPA) is 

significantly different at p<.05 for the highest dose of 

sample A2 (0.60 mg/kg) when compared with the negative 

control. Also, the size of the Bowman’s capsule for the mice 

administered the mid dose and the highest dose of sample 

A2 had a statistically smaller size of glomerulus at p<.05. 

The highest dose of sample A2 had both the significantly 

different fraction of glomerulus and Bowman’s space which 

were 75.85 ± 2.48 and 24.15 ± 2.48 respectively according 

to Figure 5E. This result implies that at a dose of 0.60 mg/kg, 

sample A2 could reduce the size of glomerulus significantly 

and thereby increase the size of Bowman’s space causing 

glomerular atrophy such as reported by Mohamed et al. in 

their study on the doxorubin-induced nephrotoxicity 

suppression study (Mohamed et al. 2022). Collapsing 

glomerulopathy has been found to be induced by 

pamidronate or other drugs which could inhibit pathways 

essential for cell differentiation such as mevalonate 

synthesis pathway (Markowitz et al. 2015). From Figure 5F, 

the perimeter of the Bowman’s capsule of the treated 

animals were found to be insignificantly different from the 

negative control. As illustrated in Figures 6A, 6B and 6C, 

none of the measured parameters showed a significant 

difference from the negative control. However, the charts 

show that the mid dose of sample B1 (0.20 mg/kg) had a 

smaller size of glomerulus when compared with the mid 

dose and the high dose but a slightly higher percentage of 

Bowman’s space. The result shows that the Bowman’s 

capsules of sample B1 treatment group had no measurable 

glomerulopathy in terms of the measured parameters of 

Bowman’s capsule perimeter and area, glomerular area, 

Bowman’s space, percentage of the Bowman’s space and 

percentage of glomerular area. The only surviving dose 

group of sample B2 had a considerably lower glomerular 

area and Bowman’s capsule area when compared with the 

negative control as seen in Figures 6D and 6E. Figure 6E 

shows that mice administered the lowest dose of B2 had a 

higher percentage of Bowman’s space as a fraction of its 

Bowman’s capsule as compared with the negative control, 

this confirms a likely glomerulopathy associated with 

glomeruli atrophy, or collapsing glomerulopathy.  
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CONCLUSION 

 This study shows that intraperitoneally-administered 

biosynthesized nanoparticles from parts of Abrus 

precatorius (seed and seed husk) had significantly lower 

toxicity than the crude extracts and therefore these 

nanoparticles could be used as less toxic or safer alternative 

to assess the various pharmacological activities and 

medicinal effects of the plant parts as shown by the results 

of histopathological examination. More so, no mortality was 

recorded in the biosynthesized nanoparticle treatment 

groups as compared with the crude extracts. However, the 

study illustrated that the most affected organ in terms of 

toxicity among the selected target organs is the liver 

followed by the while the least affected was the kidney.  

Therefore, doses lower than 0.07 mg/kg of Abrus 

precatorius seed shell mediated nanoparticles and crude 

shell and seed of Abrus precatorius have less potential of 

altering the morphology of the Bowman’s capsule and 

therefore less likely to cause a loss of renal function.    
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