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ABSTRACT

Cadmium (Cd) exposure induces liver damage by promoting oxidative stress and
inflammation. K. africana-synthesized gold nanoparticles (Ka-AuNPs) have the ability to
inhibit the process. The research aimed to investigate the protective effects of K.
africana synthesized gold nanoparticles (Ka-AuNPs) against hepatotoxicity in rats.
Thirty male Wistar rats were randomly divided into six groups (n = 5). Group I served as
the control, group II received 10 mg/kg b.wt of Ka-AuNPs only, and groups III, IV, V, and
VI were orally administered 20 mg/kg b.wt of cadmium chloride (CdCly) for seven
consecutive days. Groups IV, V, and VI received 10 mg/kg b.wt of silymarin and 5 and 10
mg/kg b.wt of Ka-AuNPs, respectively, over a period of 21 days. Subsequently, liver
function markers: alanine transaminase (ALT), aspartate transaminase (AST), liver
arginase, and y-glutamyl transferase (GGT) activities were assessed. Malondialdehyde,
blood albumin level, superoxide dismutase (SOD), and catalase activities were
determined, followed by histological examination of the hepatic tissue. Administration
of CdCl, orally caused a significant (p<0.05) increase in alanine transaminase (ALT),
aspartate transaminase (AST), liver arginase, and y-glutamyl transferase (GGT)
activities in group III compared with the normal control. Similarly, malondialdehyde
level increased significantly (p<0.05) in Cd-intoxicated rats compared with the normal
control. Conversely, the administration of 10 mg/kg b.wt. of silymarin and Ka-AuNPs led
to a significant (p<0.05) reduction in MDA levels, ALT, AST, hepatic arginase, and GGT
activities in the treatment groups compared to the CdCl,-exposed group. Additionally,
increased blood albumin levels and superoxide dismutase and catalase activities were
observed in the treated groups relative to the untreated CdClz-exposed rats. Histological
examination revealed moderate to normal hepatic architecture in the treated groups
against CdCl,-exposed rats without treatment. It may be inferred that K. africana-
synthesized gold nanoparticles alleviated hepatic toxicity caused by cadmium exposure.

Keywords: Cadmium; K.africana; Gold nanoparticles; Hepatotoxicity; Antioxidant.

INTRODUCTION

Cadmium (Cd) is a toxic environmental contaminant
resulting from industrial and agricultural activities.
Bioaccumulation in the environment—encompassing the
atmosphere, soil, and water—poses a threat to human
health, potentially resulting in anaemia, hepatocellular
damage, osteoporosis, and carcinogenic effects through
oxidative stress (Chowdhury et al., 2024., Momeni et al.,

Copyright © 2025 Uhuo et al. This is an open access article distributed under
the Creative Commons Attribution License CC BY 4.0, which permits
unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

2020). The toxicity of Cd mostly arises from the indirect
generation of free radicals, although it is also associated
with lipid peroxidation, apoptosis, alterations in protein
structure, and DNA damage. These pathways may cause
oxidative damage to vital organelles by exceeding the
antioxidant defence system, interacting with Fenton metals,
and other bioelements that produce free radicals (Joardar et
al., 2019., Momeni et al., 2020., Qu et al, 2024). Liver
damage marked by hepatocellular necrosis, caused by
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exposure to heavy metals like cadmium, results in excessive
formation of reactive oxygen species (ROS) in hepatocytes
due to oxidative stress, culminating in the covalent
attachment of radicals to several proteins (Teschke, 2022 ).
The accumulation of Cd predominantly in the liver and
kidneys, accounts for approximately 75% of the total cellular
concentration (Poosa and Vanapatla ,2020)  Studies
demonstrate that the ingestion of Cd, even at a minimal
concentration of 10 mg/L in potable water, leads to liver
damage (Chowdhury et al., 2024). The respiratory system is
the principal entrance pathway for Cd, with the
gastrointestinal tract serving as a secondary route, whereas
dermal absorption is rather rare. Upon exposure, Cd is
conveyed into the bloodstream by erythrocytes and albumin,
subsequently accumulating in the kidneys (Satarug, 2024),
liver, and gastrointestinal system (Tinkov et al., 2018 ). Cd
elimination from the body occurs gradually via the kidneys,
urine, saliva, and lactation-related milk (Genchi et al., 2020).
Cd accumulates in flora and wildlife, demonstrating a
prolonged half-life of around 25 to 30 years (Asli and
Bedriye, 2020). The elimination of ingested Cd from the body
primarily transpires via urine. The excretion rate is
negligible, perhaps attributable to Cd robust affinity for
metallothionein ~(MMTN), which is predominantly
reabsorbed in the renal tubules. The human body has a
limited ability to respond to cadmium exposure, as the metal
does not biologically breakdown into less toxic forms and is
removed ineffectively (Peana et al.,2022).

Prolonged contact with cadmium (through air, water,
soil, and food) leads to cancer and toxicity to organ systems
such as skeletal, urinary, reproductive, cardiovascular,
central and peripheral nervous and respiratory systems
(Rafati et al.,2017). It has been revealed that human contact
with Cd can result in a variety of harms such as renal and
hepatic dysfunctions, pulmonary oedema, testicular damage,
osteomalacia, and damage to the adrenals and haemopoietic
system (Yang et al., 2025).

Experimental data and epidemiological studies indicate
that chronic cadmium exposure in humans may be
associated with carcinogenesis, mostly impacting the lungs,
along with the prostate, kidneys, breast, urinary bladder,
nasopharynx, pancreas, and haematopoietic system
(Charkiewicz et al., 2023). A direct correlation has been
established between Cd exposure and coronary heart
disease, stroke, peripheral artery disease, and atherogenic
lipid alteration (Hung-Chen et al.,2023). Apoptotic or
necrotic events are additional cytotoxic effects of cadmium
to a proven human carcinogen (group I of the International
Agency for Research on Cancer classification) (Charkiewicz
et al., 2023). Victims of cadmium poisoning required urgent
gastrointestinal tract irrigation, supportive care, and
chemical decontamination chelation therapy of traditional-
based with corresponding active chelating agents and
nanoparticle-based antidotes (Tinkov et al., 2018). Despite
these approaches, more proactive measures with high
specificity and accuracy are required.

Nanoscience has just arisen as a new field within science and
technology. This is regarded as an assessment of the
fundamental characteristics of nanoscale entities (Bayda et
al., 2019, Khan et al., 2022 ). Nanotechnology is a burgeoning
field with applications in science and technology centered
on the synthesis of innovative materials at the nanoscale.
Discoveries in nanoscience have been realized in
nanotechnology via the creation of innovative materials and
functional systems (Varghese et al.,2019). Nanometer-sized
particles exhibit unique features relative to their
macroscopic counterparts owing to their increased surface-
to-volume ratio. As a result, these nanoparticles have
attracted considerable scientific interest in recent years
(Altammar, 2023, Malik et al., 2023). The biomedical
applications of AuNPs have become a prominent area of
research in recent years (Milan et al., 2022, Anik et al., 2022).
A significant volume of research has concentrated on the
synthesis, stabilization, and fictionalization of AuNPs
(Nurakhmetova et al., 2020).

The synthesis and characterization of nanoparticles is a
significant area of modern study, as the selection of
nanoparticle size and morphology enables precise control of
their characteristics and therapeutic uses. The current
chemical methods employed for nanoparticle synthesis are
energy-intensive and include toxic compounds that produce
hazardous waste, making them inappropriate for biological
applications. Sputter deposition and thin films, as physical
techniques for nanoparticle fabrication, are often difficult to
execute.

Consequently, there 1is an increase need for
biocompatible, non-toxic, cost-effective, and
environmentally sustainable processes for the synthesis of
gold nanoparticles (AuNPs). The current emphasis on the
synthesis of AuNPs pertains to the capacity to modify their
properties to improve biological interactions. To enhance
the biocompatibility of AuNPs, it is recommended to employ
non-toxic agents during synthesis. Numerous reducing
agents have been recorded in the literature, with sodium
borohydride and sodium citrate being the most common
(Dheyab et al., 2022). Furthermore, the synthesis of AuNP
requires protective agents to prevent reactions with the
newly generated particles. Thus, the architecture of AuNPs
can be modulated through the application of appropriate
techniques and synthesis conditions. These factors resulted
in several recommendations for an innovative synthesis
process for AuNPs, employing environmentally friendly
reduction and protection agents ( Miu et al., 2022, Oueslati et
al., 2020) Plants function as the principal source of reducing
and stabilizing agents, encompassing algae, bacteria, and
fungi (Hano et al., 2021 Zuhrotun et al., 2023). Numerous
studies have examined the synthesis of nanoparticles using
plant extracts, resulting in nanoparticles with sizes ranging
from 1.7 nm to 50 nm (Ahmad et al., 2022, Kazemi et al.,
2023). Nanomaterials1® have several applications across
various industries (Maha et al., 2023). A multitude of
biomedical applications for noble metal nanoparticles has
been utilized, producing significant outcomes in a recent
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investigation (Yaqoob et al., 2020). AuNPs are employed in
the treatment of several diseases owing to their optical,
chemical, and biological characteristics (Dheyab et al., 2022).

In many rural areas of Nigeria, especially in isolated
settlements in the eastern region, the limited availability of
modern medication necessitates the exclusive use of
medicinal plants for the treatment of various health
conditions. Most local therapies employ the Kigelia africana
(Lam.) Benth (Family: Bignoniaceae) plant, incorporating its
leaves, bark, fruit, or roots. The amalgamation of two or
more elements is often utilized, depending on the desired
objective. The involvement of all elements in the technique
bolsters its credibility and makes it more reliable than other
botanical materials in the area. The medicinal properties of
K. africana can be attributed to its intrinsic phytochemical
compounds across many types. K. africana is frequently
employed in African herbal medicine to treat several
ailments, including rheumatism, snakebites, syphilis, and
malevolent spirits (Nabatanzi et al., 2020). Phytochemical
research has found around 145 compounds extracted from
different plant parts, exhibiting anti-inflammatory,
antioxidant, antibacterial, antidiabetic, antineoplastic, and
anti-urolithic activities (Uhuo et al., 2019 , Abbas et al.,
2023). The n-hexane leaf extract of K. africana exhibited the
greatest activity against P. vulgaris (6 mm) and the least
efficacy against S. aureus (2 mm). The bark of K. africana,
extracted with several solvents, showed susceptibility to
Eschericia coli and had limited antibacterial efficacy against
K. pneumonia (Assanti et al., 2020). The aqueous leaf extract
of this plant has antidiarrheal effects (Nabatanzi et al,
2020). K. africana is commonly employed in Southeastern
Nigeria for the treatment of hyperprolactinemia and related
conditions (Uhuo et al., 2023). The bioconstituents of herbs,
especially phenolics, are attracting increased attention in
the food and beverage industry for their ability to improve
food quality and nutritional value. Phytochemicals found in
medicinal plants are employed as hepatoprotective agents.

Silymarin is a polyphenolic flavonoid derived from
Silypum marianum. It consists of three phytochemicals
(silybin, silidianin, and silicristin) and has a historical
precedent as a herbal remedy. Silymarin is a
phytotherapeutic compound demonstrating cytoprotective
effects due to its antioxidant characteristics and radical
scavenging potential (Uhuo et al., 2025). Pharmacological
studies indicate that silymarin is a safe herbal compound,
with appropriate dosages being non-toxic unless therapeutic
levels are misapplied (Mehdi et al., 2023). This study seeks to
evaluate the effectiveness of K. africana synthesized gold
nanoparticles (Ka-AuNPs) in alleviating cadmium-induced
hepatic injury in a rat model, employing silymarin as a
standard hepatoprotective agent.

MATERIALS AND METHODS

Chemical and reagents

Tetrachloroauric acid (HAuCls3H:0), sodium phosphate
buffer, sodium hydroxide (NaOH), dimethyl sulfoxide
(DMSO0), bicinchoninic acid protein assay kit, bovine serum
albumin (BSA), H20: ( hydrogen peroxide), and nitric acid
(HNOs) were obtained from Sigma-Aldrich (St. Louis, MO,
USA). alanine aminotransferase  (ALT), aspartate
aminotransferase (AST), gamma-glutamyl transferase (y-GT)
assay kits were obtained from Randox Laboratories Ltd. (55
Diamond Road, Crumlin, County Antrim, BT29 4QY, United
Kingdom).

Plant materials

The leaves of K. africana were obtained from a farm located
in Umuezeoka, Ezza-North LGA, Ebonyi State, Southeast
Nigeria. K.africana was authenticated by a taxonomist with a
voucher specimen number UBH-K364, which was kept for
referral purposes at the department of Plant Science and
Biotechnology herbarium, Michael Okpara University of
Agriculture, Umudike. Tap water was used to wash the
leaves, dried at room temperature in the laboratory, milled,
and weighed for further use.

Biosynthesis of K. africana gold nanoparticles (Ka-
AuNPs)

Kigelia africana gold nanoparticles (Ka-AuNPs) were
synthesized following the method reported by Adewale
et al.2023). Briefly, 10 ml of freeze-dried sample (containing
10 g aqueous extract + 100 mL distilled water) was added to
an aqueous solution of 1 mM gold (III) chloride trihydrate
(190 mL) on a hot magnetic stirrer at 60 °C for 10 min. The
resulting solution was centrifuged at 15,000xg for 15 min
and washed twice with distilled water to remove excess plant
material. The resulting pellet was air-dried at 25 °C and
stored in a refrigerator (4 °C) until further use.

Animal study

Thirty male Wistar rats, mean weight: 100+0.35g were
provided by the Animal Unit, Department of Zoology and
Environmental Science, University of Nigeria, Nsukka. The
rats were kept safe in iron cages under standard conditions
of a 12 hour dark-light cycle for 7 days with free access to
drinking water and standard pellet feed before induction,
which was in line with the approval of the Ethics Committee
(Reference number: MOUAU/BCH/EC/2024/4).

Experimental design

The animals were grouped into 6 (n = 5) as follows: I normal
rats administered daily 0.5 mL of distilled water; II, received
10 mg/kg b.wt of Ka-AuNPs; III+Cd only; IV+Cd+10 mg/kg
b.wt of silymarin;VCd+ 5 mg/kg b.wt of Ka-AuNPs; and VI+
Cd+10 mg/kg b.wt of Ka-AuNPs. CdCl: (20 mg/kg b.wt) was
orally administered to rats for seven days as adopted by
Adewale et al. (2023). Thereafter, a hepatoprotective drug

Nigerian Journal of Biochemistry & Molecular Biology -193 -

Apr-Jun 2025 | Vol. 40 | No. 2



Uhuo et al.

Kigelia africana Synthesized Gold Nanoparticles Attenuates Cadmium-Induced Hepatotoxicity in Rats

(silymarin, 10 mg/kgb.wt) and Ka-AuNPs (5 and 10
mg/kgb.wt) were orally administered daily for 21 days.

Preparation of serum and tissues

Blood samples were collected through cardiac puncture
under anesthesia and transferred into sample-labeled bottles
(Plain and EDTA) while the heart was still beating. Plasma
obtained through centrifugation of whole blood was
employed for the enzyme assays. Samples in plain bottles
were preserved for some times to guarantee adequate
coagulation and centrifuged (Model SM800B, Surgifriend
Medicals, Essex, England) at 1000 rmp for 15 minutes. The
sera obtained were employed to evaluate biochemical
indices. Rats were quickly dissected, and their livers were
extracted and preserved with ice-cold 0.25 M sucrose
solution for histopathological investigation.

Biochemical analysis
Serum liver marker enzymes status

Biochemical analyses included the measurement of alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
gamma-glutamyl transferase (y-GT) activities, and serum
albumin concentrations. These parameters were determined
using commercially available test kits and products from
Randox Laboratories (Crumlin, United Kingdom). The tissue
arginase activity was measured using the method described
by Hrabék et al. (2008).

Determination of malondialdihyde (MDA) level
Malondialdehyde level was assessed with the Varshey and
Kale methodology (Varshney et al. (1990). In summary, 0.1
ml of sample, 0.9 ml of distilled water, 0.5 ml of 25 %
trichloroacetic acid (TCA) and 0.5 ml of 17 % Thiobarbituric
acid (TBA) in 0.3 % NaOH were placed into test tubes. The
incubation of the contents in the test tube was done for 40
min at 95 °C and then cooled in water. Subsequently, 0.1 ml
of 20 % sodium dodecyl sulphate was included into the
mixture. The absorbance of the mixture was measured at 600
nm relative to a blank.

Activity of superoxide dismutase (SOD)

The enzyme activity was calculated by the procedure
outlined by Xin et al. (1991). In summary, 0.1 ml of the
sample was mixed with 0.9 ml of distilled water and put into
test tubes. Subsequently, 0.1 ml of this mixture was added to
0.9 ml of carbonate buffer, and 75 ul of xanthine oxidase.
The absorbance was measured at 500 nm for 3 minutes at 20-
second intervals. The rate of absorbance variations was
employed to calculate the enzyme activity.

Measurement of catalse ( CAT) activity

Method of Aebi as was reported by Uhuo et al,(2025) was
adopted for the determination of catalase activity. Shortly,
2.0 ml of H202, 2.5 ml of phosphate buffer, and 0.5 ml of
sample were added into the test tube labeled stock. Volume,

1. 0 ml portion of the reaction from the stock test tube was
added to the separate test tube and 2 ml of dichromate acetic
acid reagent. The absorbance of the mixture was taken at 340
in a minute interval for four consecutive times.

Histopathological examination

Tissues were preserved in 10% formalin, embedded in
paraffin blocks, and sectioned to a thickness of 5um
(Canene-Adams et al., 2013). Hematoxylin-eosin staining
was conducted on the slides. Slides were analyzed using a
light microscope (OPTIKAB-150, Ponteranica, Italy)
equipped with a digital camera.

Statistical analysis

Data are shown as mean * SD and were analyzed using
Microsoft Excel with one-way analysis of variance (ANOVA)
(p<.05)

RESULTS AND DISCUSSION

Effect of Ka-AuNPs on serum ALT activity

The effect of K. africana synthesized gold nanoparticles (Ka-
AuNPs) on ALTis shown in Fig. 1A.Alteration in the serum
ALT activity induced by cadmium was investigated. Oral
administration of 20 mg/kg b.wt of CdCl: caused liver
damage, evidenced by a significant (p<0.05) elevation in the
plasma alanine transaminase (ALT) activity (Fig. 1A)in
group 3 relative to the normal control group. Pretreatment
with Ka-AuNPs at 5, 10, and 10 mg/kgb.wt of silymarinled to
substantial (p<0.05) increase in the activity of this marker
against CdClz-induced only. A non-significant (p>0.05)
increase in ALT activity in normal rats treated with 10 mg/kg
of Ka-AuNPs (group 2) was recorded when compared with
normal control rats.

Effect of Ka-AuNPs on serum AST activity

The impact of Ka-AuNPs on serum AST activity is illustrated
in Fig. 1B demonstrating their effect in CdCl:-induced
hepatotoxicity in rats. Significant (p<0.05) elevation of AST
activity was recorded with CdCl. only compared to the
normal control rats. In contrast, AST activity decreased
considerably (p<0.05) in CdClz-intoxicated rats treated with
10 mg/kg b,wt. of silymarin and 10 mg/kg b.wt of Ka-AuNPs
compared to CdCI; only. Similarly, the concentration of AST
was reduced substantially (p<0.05) in CdClz-intoxicated rats
administered 10 mg/kg b.wt of Ka-AuNPs compared to those
treated with 5 m/kg b.wt of Ka-AuNPs. Non-significant
(p>0.05) increase in AST activity was detected in the rats
treated with 10 mg/kg of Ka-AuNPs (group 2) when
compared with the normal control.

Effect of Ka-AuNPs on serum albumin level

Fig. 1D depicts the effect of Ka-AuNPs on serum albumin
levels in CdCl:-induced hepatotoxicity. A notable (p<0.05)
reduction in serum albumin level was seen in CdCl. only rats
relative to CdCl.-intoxicated rats treated with 10 mg/kg b. wt
of Ka-AuNPs and normal rats receiving 10 mg/kg b wt of Ka-
AuNPs. A remarkable (p<0.05) increase in serum albumin
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levels was observed in rats treated with 10 mg/kg b.wt of Ka-
AuNPs in contrast to CdClz-intoxicated rats receiving 5 and
10 mg/kg b.wt of Ka-AuNPs, respectively. Similarly, a
significant (p<0.05) increase in serum albumin level was
observed in Cd + 10 mg/kg b.wt of silymarin compared with
the CdClz-intoxicated rats treated with 5 and 10 mg/kg b.wt
of Ka-AuNPs, respectively.

Effect of Ka-AuNPs on the activity of liver arginase

The inhibitory effect of Ka-AuNPs on the activity of liver
arginase in CdClz-induced hepatotoxicity is presented in Fig.
1C. A notable (p<0.05) increase in arginase activity was
recorded in CdClz-treated rats relative to that in normal
control rats. A non-significant (p > 0.05) increase was
observed in the activity of arginase in rats receiving 10
mg/kg b.wt of Ka-AuNPs (group 2) in comparison with the
normal control. There was a substantial (p<0.05) reduction
in arginase activity in Cd+silymarin group relative to CdCl:-
induced rats treated with 5 and 10 mg/kg b. wt of Ka-AuNPs,
respectively, and a dose-dependent reduction of arginase
activity was observed in Cd + 10 mg/kg b. wt of Ka-AuNPs
against group v (Cd + 5 mg/kg b.wt of Ka-AuNPs).

Effect of Ka-AuNPs on MDA level

Fig. 2A illustrates the impact of Ka-AuNPs on MDA levels in
CdCl;-induced liver injury in rats. A statistically remarkable
(p < 0.05) elevation in MDA levels was recorded in rats
intoxicated with CdCl; compared to the control. A non-
significant (p > 0.05) decrease in MDA levels was noted in
Cd+ 10 mg/kg b.wt of Ka-AuNPs compared with Cd+10
mg/kg b.wt of silymarin and Cd + 5 mg/kg b.wt of Ka-AuNPs.
Group II administered 10 mg/kg b.wt of Ka-AuNPs exhibited
statistically a non-significant (p > 0.05) increases in MDA
levels relative to the normal control.

Inhibition of SOD activity by Ka-AuNPs

Fig. 2B depicts the effect of Ka-AuNPs on superoxide
dismutase (SOD) activity. A significant (p<0.05) reduction in
SOD activity was noted in rats exposed to Cadmium relative
to the control group. CdClz-induced rats treated with 10
mg/kg b.wt of Ka-AuNPs demonstrated a non-significant (p
>0.05) elevation in SOD activity relative to those intoxicated
rats administered10 mg/kg b.wt of silymarin.Variations in
SOD activity were observed between CdClz-intoxicated rats
treated with 5 and 10 mg/kg b.wt of Ka-AuNPs, respectively.
A reduction in SOD activity was recorded in normal rats
administered 10 mg/kg b.wt of Ka-AuNPs compared with the
normal control.

Effects of Ka-AuNPs on Catalase activity

Catalase activity is shown in Fig. 2C. The activity of catalase
was not significantly (p > 0.05) reduced in the group2
relative to the normal control group. The test group treated
with silymarin (10 mg/kg b.wt) demonstrated a substantial
(p< 0.05) elevation in CAT activity relative to rats
administered 10 mg/kg b. wt of Ka-AuNPs and CdCl-
intoxicated rats treated with 5 and 10 mg/kg b.wt of Ka-

AuNPs, respectively. In contrast, group administered
10mg/kg b.wt of Ka-AuNPs demonstrated statistical a non-
significant (p > 0.05) increase in catalase activity against the
group which received 5 mg/kg b.wt of Ka-AuNPS.

Effects of Ka-AuNPs on y-glutamyl transferase ( GGT)
activity

Fig.2D depicts the activity of y-glutamyl transferase. A
significant (p<0.05) increase in y-glutamyl transferase
activity was noted in CdClz-intoxicated rats relative to rats
treated with 10 mg/kg b.wt of Ka-AuNPs. Furthermore, there
were non notable variations in the activity of GGT between
the Cd+10 mg/kg b.wt of Ka-AuNPs and 5 mg/kg b.wt of Ka-
AuNPs groups. The group treated with silymarin (Cd+10
mg/kg b.wt of silymarin) demonstrated a significant (p<0.05)
increase in GGT activity compared with the rats
administered 10 mg/kg b.wt of Ka-AuNPs.
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Histopathological examination

Fig. 3A showed a normal histomorphology of the liver with
normal hepatocytes arranged in interconnecting cords
around the central veins (V). Normal structures in the portal
areas (P) were also observed. In Fig.3B, mild-to-moderate
hepatocellular carcinoma is presented. Affected hepatocytes
appeared mildly swollen and contained clear cytoplasmic
vacuoles. Fig.3C presents severe hepatocellular damage.
Affected hepatocytes appear swollen with clear cytoplasmic
vacuoles (arrow), Central vein (V), portal area (P). Moderate
to marked periportal infiltration of mononuclear
inflammatory leukocytes with piecemeal necrosis of
surrounding hepatocytes (arrow) was observed. Liver
sections in fig.6 showed mild to moderate hepatocellular
swelling with clear cytoplasmic vacuoles (arrow). Moderate
periportal infiltration of mononuclear inflammatory
leukocytes with piecemeal necrosis was observed. Similarly,
Fig.3E presented diffuse, moderate hepatocellular swelling.
Affected hepatocytes appear swollen with clear cytoplasmic
vacuoles (arrow). In Fig,3 F liver sections showed diffuse,
and mild hepatocellular swelling compared to Fig.3D

Fig. 3C. Histological section of hepatic tissue of Cd-induced only (Mgf. X200)

Fig. 3D. Histological section of hepatic tissue of C.

(Mgf. X200)

Fig. 3A. Histological section of hepatic tissue of normal rats (Mgf. X200)

Fig.3F. Histological section of hepatic tissue of Cd-induced + 10mg/kg Ka-4uNPs (Mgf.X200)
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Discussion

Cadmium is a toxic metal widely employed in various
industries. Cadmium exposure induces oxidative stress by its
accumulation in some tissues, which is the principal
mechanism responsible for severe clinical disorders (Genchi
et al., 2020). The harmful effects of cadmium led to
increased hepatic enzyme levels (ALT and AST), probably
due to altered membrane permeability and consequent
enzyme leakage into the bloodstream (Niture et al., 2021).
The elevation of serum ALT and AST activity in the Cd-
induced group, compared to the normal control,
unequivocally signifies the extent of hepatic necrosis,
leading to the compromise of cellular architecture and
membrane functional integrity. This corresponds with the
results of Adefegha et al. (2015) and Kaur et al. (2020), which
demonstrated that hepatotoxicity occurred in rats exposed
to CdClz. Adewale et al. (2020) noted a similar finding. The
reduced activity of these enzymes following treated with
different doses of Ka-AuNPs demonstrated the inhibitory
effectiveness of Ka-AuNPs against Cd-induced hepatic
damage.

Hypoalbuminemia signifies an inflammatory condition
resulting from chemical agents or surgical interventions. A
decreased serum albumin level signifies the degree of
inflammation, which is associated with shortened life
expectancy. Variations in blood albumin levels provide
significant evidence of either improvement or deterioration
in clinical condition. Thus, it can be ascribed to the liver's
synthetic deficiency observed by Poosa and Vanapatla
(Teschke ,2022) in experimental rats intoxicated with
cadmium relative to the control group. The reversal effect
was achieved when Ka-AuNPs were administered at various
doses to Cd-intoxicated rats, in comparison to the untreated
Cd-intoxicated group (Fig. 1D). Similarly, increased serum
albumin levels were seen following silymarin administration
(10 mg/kg) in cadmium-exposed rats compared to the
untreated cadmium-exposed group. Silymarin is a
phytochemical demonstrating hepatoprotective effects due
to its antioxidant characteristics and radical scavenging
abilities. The acknowledged pathways through which
silymarin provides protective benefits encompass the
inhibition and regulation of cellular transporters, p-
glycoprotein, oestrogen receptors, and nuclear receptors
(Abdoh et al.,2018). Subsequently, preclinical data have
shown that silymarin can reduce oxidative stress and
consequent cytotoxicity, thereby protecting healthy liver
cells orthose that have not yet experienced irreparable
damage (Gillessen et al., 2020).

Arginase is a crucial enzyme in the urea cycle, and its
activity functions as an important diagnostic signal, as it
rapidly escapes from hepatocytes after liver damage
(Clemente et al, 2020). The predominant hepatotoxic
chemicals damage liver cells by lipid peroxidation and
various kinds of oxidative destruction. In Cd-induced cells,
elevated arginase activity was seen only in comparison to the
treatment groups and normal controls. Furthermore, the
diminished arginase levels after treatment with different

doses of Ka-AuNPs in Cd-induced hepatotoxicity in
experimental subjects, relative to untreated Cd-induced rats,
underscore the therapeutic efficacy of the Ka-AuNPs.

The elevation of MDA values in this study signifies cadmium
toxicity during exposure. Oxidative damage is the principal
mechanism via which cadmium exerts its detrimental
effects. Hepatocellular damage is linked to inflammation,
lipid and protein peroxidation, and the oxidation of
biological constituents (Allameh et al., 2023). Cadmium-
induced free radicals take electrons from lipid molecules,
leading to lipid peroxidation, as seen by the increased levels
of MDA in this study. The results demonstrated a decrease in
MDA levels and an increase in the activity of antioxidant
enzymes (SOD and CAT) in the groups administered the
extract, compared to untreated Cd-intoxicated rats. This
demonstrates the scavenging capacity of the Ka-AuNPs for
free radicals, hence diminishing oxidative stress.

Gamma-glutamyl transferase (GGT) is recognized as an
enzyme linked to hepatic disorders. Increased GGT synthesis
is associated with inflammatory states, and its mRNA
expression can be induced by tumor necrosis factor alpha
(TNF-a) (Takemura et al., 2021, Xing et al., 2023). The
significant increase in GGT concentration noted in this study
indicates that cadmium provoked an inflammatory response.
The beneficial impact of Ka-AuNPs, mostly at a doseage of
10 mg/kg b.wt on cadmium-intoxicated rats was confirmed
by a reduction in enzyme activity. The significant decrease
in GGT levels after extract administration in the test groups
compared to the Cd-only group confirms the efficacy of Ka-
AuNPs, although silymarin exhibited superior performance
in this aspect.

The study established the attenuation of cadmium
hepatotoxicity by gold nanoparticles synthesized from K.
africana (Ka-AuNPs). This mechanism may result from the
inhibition of oxidative damage and the cessation or
postponement of lipid peroxidation. The bioconstituents of
K. africana demonstrate antioxidant capabilities by
neutralizing free radicals produced during cadmium
exposure. Moreover, the exceptional characteristics of
synthesized nanoparticles include their dimensions, which
are within the optimal range (10-100 nm) for passive drug
delivery systems, facilitating effective permeability and
retention effects (Lee et al.,2020) . Consequently, the
dimensions of the nanoparticles enhance their permeability
and retention duration at the target location, so potentially
mitigating damage induced by cadmium in the liver. The
antioxidant efficacy of Ka-AuNPs via the release of surface-
capped phytochemicals was distinctly evidenced in the
treatment groups compared to the control. Consequently, it
can be asserted that Ka-AuNPs can mitigate hepatic damage
induced by cadmium exposure, as evidenced by the study's
findings. Biosynthesized nanoparticles can play a crucial role
in clinical applications for drug delivery, owing to their
permeability, retention time, and safety profile.
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CONCLUSION

Current treatments for liver damage are insufficient and
ineffective in clinical practice, prompting researchers to
pursue the development of improved therapeutic methods
characterized by enhanced specificity, efficacy, and reduced
toxicity. The advent of nanoscience has generated optimism
for the proper management of life-threatening liver diseases
in the near future. Nanoparticles have emerged as optimal
choices because of their extended retention period, chelating
properties, versatile morphology, and permeability.
Biologically synthesized Ka-AuNPs are superior for
addressing Cd-induced hepatotoxicity due to its antioxidant
potentials. The reduction of liver markers in Cd-induced rats
is a confirmatory evidence of this property. Further research
is advised to characterize Ka-AuNPs, which will assist in
elucidating a precise biochemical mechanism by which it
mitigates the detrimental effects of cadmium exposure.
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