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Abstract
Nanomedicines are widely used as possible therapeutics and diagnostics for wide variety of diseases. It
have been used for successful delivery of hydrophilic and hydrophobic small molecules drugs, and
biomacromolecules, such as enzymes, recombinant proteins, peptides, hormones, monoclonal antibodies
and also used for the delivery of nucleic acids of different sizes and structures.Gold nanoparticles
possess promising ameliorative effects due to their distinctive properties such as high surface reactivity,
biocompatibility, �exibility in functionalization and a broad range of delivery targets. This study was
designed to investigate the protective effect of green synthesised gold nanoparticles (AuNPs) using
aqueous bark extract of Terminaliaarjunaon acetaminophen induced immunotoxicityin the experimental
rat model.Group1- Control group; Group 2- Acetaminophen administered intraperitoneally at concentration
of 500mg /kg of body weight for 14 days; Group 3- Co-administration of Terminaliaarjuna aqueous bark
extract (175µg/kg/day) along with acetaminophen (500mg/kg/day) treatment for 14 days; Group 4- Co-
administration of AuNPs (175µg/kg/day) along with acetaminophen treatment (500mg/kg/day)
intraperitoneally for 14 days. After 14 days all animals were sacri�ced for the immunological
analysis.Immunological analysis revealed that there was signi�cant decrease in the IL-10 level with
acetaminophen treatment but marked increase in the KIM-1, Cystatin C, TNF-alpha and, IL-18 level.After
co-administration with AuNPs along with acetaminophen showed effective signi�cant recovery in
theexpression of in�ammatory biomarkers. Hence, the results highlighted on the protective effectsAuNPs
against acetaminophen inducedimmunotoxity.

Introduction
Nanomedicines are becoming prominent as possible therapeutics and diagnostics for wide variety of
diseases, and have been also used in materials science applications, development of vaccine,
engineering [1–2]. It have been used as a “depot” of various cargoes for successful delivery of hydrophilic
and hydrophobic small molecules drugs, and biomacromolecules, such as enzymes, recombinant
proteins, peptides, hormones, monoclonal antibodies and also used for the delivery of nucleic acids of
different sizes and structures [3–4]. The large and �ne structures of these nanoparticles can be tailored to
assist speci�c therapeutics and to protect them against enzymatic or hydrolytic degradation, provide
suitable surroundings for solubility and for gated drug release. Additionally they can be equipped with
“smart” elements (peptides, proteins, antibodies, sugars, aptamers, etc.) for their effective delivery to the
target organs, tissues and subcellular compartments [5].

Gold nanoparticlespossess promising ameliorative effects due to their distinctive properties such as high
surface reactivity, biocompatibility, �exibility in functionalization and a broad range of delivery targets[6–
8].It have been found to be bene�cial for controlled release and delivery of various compounds including
antibiotics [9], anticancer drug [10],antioxidants [11], glucose [12],and isotopes [13]. Many of the research
is devoted to the investigation of synthesis, functionalization and stabilization of gold nanoparticles [14]
The preparation methods are based on the reduction of gold ions, mostly as solutions of HAuCl4. It has
been reported that the common stabilizing agents are sodium citrate, cetyltrimethyl ammonium bromide,
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transferrin, while common species used for functionalization include various oligonucleotides, amines,
peptides, antibodies and lipids. To enhance the biocompatibility of gold nanoparticles it is preferable to
use nontoxic agents [15]. Additionally gold nanoparticles synthesis needs a protecting agent, which can
adsorb over the surface of the newly synthesised nanoparticles to prevent from additional growth and
agglomeration. Hence, the size and shape of the nanoparticles can be controlled by utilizing appropriate
reduction and agitation methods as well as synthesis conditions, ie, pH, temperature, stirring and
utilization of extrinsic �elds(such as ultrasound). This contemplation resulted in several publications that
proposed, green reduction and protection agents as new synthesis routes for gold nanoparticles
synthesis [16–17]. Mostly plants [18], algae, fungi and bacteria were used as reducing and stabilizing
agents [19]. Terminalia arjuna commonly known as arjuna, belongs to the family of Combretaceae. The
bark extract of Terminalia arjuna contains various bioactive constituents such as triterpenoid, saponin,
tannin, ellagic acid, gallic acid and proanthocyanidines [20]. In this study, gold nanoparticles were
synthesised using the reducing property of Terminalia arjuna bark extract.

Acetaminophen (N-acetyl-p-aminophenol; APAP)is commonly and widely used analgesic and antipyretic
over-the-counter drug. Use of acetaminophen in therapeutic concentrations is considered to be safe but
can cause severe liver and kidney damage after an overdose, ultimately leading to hepatorenal failure
[21–22]. More recent studies on the pathogenesis of acetaminophen induced acute liver failure revealed
that not only liver injury, but also ensuing in�ammatory response of the immune system which critically
determine the severity and outcomes of the disease. Various non-parenchymal cells, chemokines,
cytokines are included in the in�ammatory response following acute liver injury. Beside this different
lymphoid derived cells, kupffer cells, dendritic cells and in�ltrating monocyte derived macrophage are
involved in acute liver injury[23].

Nanoparticles can interact with different components of the immune system and either enhance or inhibit
its function [24]. The potentiality of nanoparticles to persuade an immune response depends on the
physiochemical properties (size, hydrophobicity, charge, etc.), surface targeting moieties, the route of
administration, therapeutic pay load and the animal model. Cytokines are polypeptides produced by
broad range of cells including immune cells in response to activation that regulate various biological
process and acts as mediator of in�ammation and immune responses. Nanoparticles can interact with
proteins including antibodies, so it is frequently used to target speci�c cells and tissues, understanding
the use of cytokines as biomarkers of undesirable immune stimulation associated with engineered
nanomaterials emerging as a crucial component of nanoparticle safety testing.

The present study provides an indication on the systemic immunotoxicity caused by acetaminophen.
Alterations in the expression of in�ammatory biomarkers are key event of hepatorenal toxicity caused
due to acute overdose of acetaminophen. This study emphasises on the ameliorative effects of green
synthesised gold nanoparticles (AuNPs) by using Terminalia arjuna bark extract on acetaminophen
induced immunotoxicity in the experimental rat model.

Materials And Methods
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Green synthesis and characterization of gold nanoparticles using aqueous bark extract of Terminalia
arjuna

Terminalia arjuna ([Roxb.]Wight &Arn.) bark was collected from Laterite region of Gope Palace (Raja N.L
Khan Women’s College) Medinipur, Paschim Midnapore district, West Bengal, India. Taxonomic
identi�cation was done by Dr. Dulal Chandra Das, Associate Professor, Department of Botany, Raja
Narendra Lal Khan Women’s College (Autonomous)and the plant voucher number was given as
RNLKWC/121/2016.

Green synthesis of gold nanoparticles were done by using aqueous bark extract of Terminalia arjuna and
characterized as described by Mitra et al.[25] Hundred millilitre of 1mM chloroauric acid (HAuCl4) solution

was reduced by 10mL of Terminalia arjuna aqueous bark extract and heated for 10minutes at 60-700C to
yield a ruby red colored dispersion. This transformation in the colour from pale yellow to ruby red
indicated the formation of green synthesised gold nanoparticles (AuNPs) by using Terminalia arjuna bark
extract.

Experimental Animals
To conduct the experimental studies twenty four (24) healthy Wistar strain male albino rats weighing 100
to 120gm were taken from authorized Chakraborty Animal suppliers, Kolkata (M/S Chakraborty Enterprise
Registration no.: 1443/PO/b/11/CPCSEA).The rats were distributed into four equal groupsand
werehoused in polypropylene cages. They were maintained under standard laboratory condition that
includes 22 ± 40C, 12hr light/ dark cycle and 50 ± 10% humidity with proper supplementation of standard
food and water ad libitum. Animals were acclimated to this environmental condition for 14 days before
treatment.

All animal experiments were performed as per the Animal Ethical Committee guidelines of Raja Narendra
Lal Khan Women’s College (Reference number: 14/ IAEC (05) / RNLKWC /2019 and were maintained as
per Committee for the Purpose of Control and Supervision of Experiments on Animal (CPCSEA),
Government of India (Registration no. : 1905 / PO / Re / S / 2016/ CPCSEA).All experimental protocols
have been approved by the Constitutional of Institutional Animals Ethics Committee (IAEC) of Raja
NarendraLal Khan Women’s College (Autonomous), Midnapore-721102, West Bengal, under registered
CPCSEA.

Experimental Design
Experimental animalswere divided into four groups (6 rats in each group). Group1- Control group; Group
2-Acetaminophen administered intraperitoneally at concentration of 500mg /kg of body weight for 14
days; Group 3- Co-administration of Terminalia arjuna aqueous bark extract (175µg/kg/day) along with
acetaminophen (500mg/kg/day) treatment for 14 days; Group 4- Co-administration of
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AuNPs(175µg/kg/day)along with acetaminophen treatment (500mg/kg/day) intraperitoneally for 14
days.

Sacri�ce Of Animals And Collection Of Blood And Tissue
After a period of 14 days treatment all animals were sacri�ced then blood samples and liver as well as
kidney tissue were collected.The collected tissue was perfused with PBS and then stored at-200C in sterile
container for preparation of tissue homogenates.

Separation of serum and homogenization of liver and kidney tissue

Blood sample was allowed to clot for two hours at room temperature and then centrifuged for 15minutes
at approximately 1000xg at 40C.

For the preparation of tissue homogenates, tissues are rinsed in ice cold PBS to remove excess blood
thoroughly and weighed before homogenization. The tissues were minced to small pieces homogenized
them in 5-10mL of PBS with a glass homogenizer on ice. The resulting suspension was sonicated at 40C
to further break the cell membranes. After that, homogenates are centrifuged for 5minutes at 5000 x g at
40C. The resulting supernatant was collected and assayed immediately.

Measurement Of Kidney Injury Molecule (Kim-1)
KIM-1 was identi�ed from the serum of different experimental group animalsusing a sandwich ELaISA
kit(DL- Develop; Wuxi Donglin Sci& Tech Development Co., Ltd.). The assay was performed as per the
instructions mentioned in the kits.

Measurement Of Cystatin-c (Cst C)
Quantitative measurement of CST C in rat serum and kidney tissue homogenates were done by using
sandwich ELISA kit (DL- Develop; Wuxi Donglin Sci & Tech Development Co., Ltd.).

Measurement Of Cytokines By Sandwich Elisa
The level of pro-in�ammatory (TNF- alpha, IL-18) and anti-in�ammatory (IL-10) cytokines in the serum
and tissue homogenates of different experimental groups was measured using a sandwich ELISA kit(DL-
Develop; Wuxi Donglin Sci& Tech Development Co., Ltd.). The assay was performed as per the
instructions mentioned in the kits.

Statistical Analysis
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The data were calculated and statistical analysis was done by using statistical package, Origin 6.1
Northampton, Mass, USA. The statistically collected data was calculated and were expressed as Mean ± 
SE, n = 6. Comparison was done between the means of control and with all experimental groups, by
ANOVA followed by multiple two tail t- test. Bars for a speci�c data differ from each other signi�cantly (p 
< 0.05).

Results

Kidney Injury molecule (KIM-1)expression
There was signi�cant increase (p < 0.05) in KIM-1 expressionin serum after 14 days administration with
acetaminophen at concentration of 500mg/kg; body weight in group 2 rats,compared to the control
group(group 1). The expression of KIM-1 signi�cantly reduced (p < 0.05) after co-administration of AuNPs
(175µg/kg/day) along with acetaminophen treatment in group 4, compared to Terminalia arjuna co-
administered group 3 rats (Fig. 1A).

Cystatin C(Cst C) Expression
Administration of acetaminophen (500mg/kg; body weight) after 14 days of intoxication resulted a
signi�cant elevation (p < 0.05) of Cystatin C expression in serum and kidney tissue homogenate in
acetaminophen treated group, in comparison with the normal control group. On co-administration of
AuNPs at the dose 175µg/kg; body weight for 14 days the level of Cystatin C in serum and kidney tissue
signi�cantly reduced(p < 0.05) in group 4 rats, in comparison to Terminalia arjuna and acetaminophen
treated groups (Fig. 1B, 1C).

Immunological Markers

Pro-in�ammatory biomarkers
Activities of the pro-in�ammatory cytokines like TNF- alpha and IL-18 had been observed in the serum as
well as liver and kidney tissue homogenates. There was marked signi�cant increase (p < 0.05) in the
activity of TNF- alpha and IL-18 after acetaminophen intoxication, in comparison to the control group.
AuNPs (175µg/kg/day) co-administration along with acetaminophen signi�cantly decreased (p < 0.05)
the concentration of pro-in�ammatory cytokines to their near normal value compared to Terminalia
arjuna and acetaminophen treated groups (Fig. 2A, 2B,2C,2D)

Anti-in�ammatory Biomarkers
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Alterations in the concentrations of anti-in�ammatory cytokine (IL-10) were measured in the serum as
well as liver and kidney tissue homogenates of different experimental groups. The level of IL-10 in serum
as well as liver and kidney tissue homogenates had been signi�cantly decreased (p < 0.05) in
acetaminophen administered group 2 rats, compared to the control group. In addition, co-administration
of AuNPs at an effective dose of 175µg/kg/day along with acetaminophen in group 4 rats signi�cantly
elevated (p < 0.05) the level of IL-10, in comparison to Terminalia arjuna treated group3 rats and
acetaminophen treated group 2 rats (Fig. 3A, 3B,3C).

Discussion
Acetaminophen (APAP) is widely usedas pain reliever and fever reducer agent. After consumption, APAP
is taken up from the intestine and small fraction (5–10%) gets metabolized in hepatocytes by
cytochrome P450 isoforms into the alkylating metabolite N-acetyl-p-benzoquinone imine (NAPQI).
Hepatocytes are protected by glutathione (GSH) that binds with NAPQI and convert it into a harmless
reduced form hence, preventing their covalent binding to liver proteins [26]. But due to an overdose of
APAP, GSH level is depleted, increasing the amount of NAPQI whichcovalently binds to mitochondrial
proteins, forming cytotoxic protein adducts [27]. The formation of protein adducts in hepatocytes leads to
oxidative stress, with increased reactive oxygen species (ROS) production. ROS supress the transcription
factor NF-κB and trigger autophosphorylation and activate c-Jun N-terminal kinase (JNK) [28]. Further, the
activated JNK increases the ROS production leading to mitochondrial membrane permeabilization and
dysfunction [29]. This leads to hepatocyte necrosis, followed by release of various danger-associated
molecular patterns (DAMPs) mainly heat-shock protein-70 (HSP-70), high-mobility group box protein 1
(HMGB-1), and DNA fragments [30]. Generally, kuffer cells (KC) and dendritic cells (DC) recognizes
DAMPs molecules, via toll like receptors, subsequently leading to the activation of these cell types [31].In
macrophages, a cytosolic multiprotein complex ,in�ammasome is formed that helps to generate
in�ammatory response. After in�ammasome formation IL-18 and IL-1β are secreted by KC, thereby
further triggering the innate immune system, leading to the recruitment of immune cells at the site of
in�ammation and advancing hepatocyte necrosis [23]. Another alternative mechanism that leads to
hepatocyte necrosis, is the presentation of NAPQI-protein adduct peptides by the human leukocyte
antigen (HLA) on antigen presenting cells (APCs), leads to the activation of helper T (Th) cells and
ultimately to the cytotoxic T cells (Tc). Tc express surface FasL and release TNF-α, perforin and granzyme
and are responsible for activation of death pathways in sensitized hepatocytes, thereby inducing necrosis
[32].

The second target organ of acetaminophen toxicity is kidney and renal dysfunction that occurs among
patients with marked hepatic damage. Hepatorenal disorder remains as one of the serious health
problems. However there are no such satisfactory protective drugs for the treatment of serious
hepatorenal disorders. For later time points in severe cases, where in�ammatory responses are more
relevant, the only curative treatment option is kidney and liver transplantation [33] with a survival rate of
about 70% for �rst years. Considering the high cost and lack of potential donors for this treatment, so
there is an urgent need for alternative treatment options. As herbal drugs play an effective role in the
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management of liver and kidney disorders, which helps to speed up the natural healing process without
any side effects. Therefore, in this study green synthesised gold nanoparticles (AuNPs) by using bark
extract of Terminalia arjuna is used as an early asymptomatic diagnostic biomarker for acetaminophen
induced immunotoxicity. AuNPs might serve as an operative platform for effective drug delivery by virtue
of its ability to carry and deliver drug to disease site and to determine the alternative harmless therapy
against liver and kidney dysfunctions.

Cytokines are group of proteins secreted by cells of immune system and plays an important role in cell
signalling. They are important to health and disease, speci�cally in host response to infections and help
to regulate immune response. Cytokines including interleukins [34],interferons [35], tumor necrosis factor,
colony-stimulating factors, and several growth factors act as potential biomarkers of hepatic and renal
toxicity. Generally, these biomarkers help to determine the early damage to health caused by exposure to
exogenous toxic substances, and provide an insight into the mechanism of the onset of these toxicants
to adversely affect certain individuals or groups [36].

KIM-1 is a type I transmembrane glycoprotein and one of the gene families that form T-cell
immunoglobulin mucin (Tim). KIM-1 is considered as a sensitive biomarker for nephrotoxicity [37].After
administration of acetaminophen in group 2 rats the KIM-1 level gets signi�cantly elevated (p < 0.05), in
comparison to the control group. This marked elevation in the KIM-1 expression is mainly due to the
exposure of toxic substance to the kidney which might cause proximal tubular injury as well as
nephrotoxicity. However, on co-administration of AuNPs at an effective dose of 175µg/kg/day along with
acetaminophen treatment signi�cantly reduced (p < 0.05) the expression of KIM-1 in serum, compared to
Terminalia arjuna and acetaminophen treated groups. This marked decrease might be due to the
potential bene�cial effect of AuNPs which can protect from acetaminophen induced nephrotoxicity.

Cystatin C (CST C) or cystatin 3 is a 13-kDa protein formerly known as interalia γ-trace, post-γ globulin
and it is considered one of the extracellular inhibitors of cysteine proteases. CST C is encoded by CST3
gene, is mainly used as biomarker of kidney function. CST C level in serum and kidney tissue
homogenate signi�cantly increases (p < 0.05) in acetaminophen treated groups, in comparison to control.
After acetaminophen intoxication, CST C level rises mainly due to the decline in kidney function as well
as decline in the glomerular �ltration rate, thereby signaling a state of ‘preclinical’ kidney dysfunction. In
AuNPs co-administered group, CST C level signi�cantly decreases (p < 0.05), in comparison to Terminalia
arjuna and acetaminophen treated groups. The decline in the CST C level emphasises, that AuNPs
treatment helps in proper functioning of the kidney without any renal disorder.

Pro-in�ammatory cytokines are the signaling molecule secreted by the immune cells like helper T cells,
macrophages and other cell types that promote in�ammation. It has been reported by several researchers,
that in case of severe hepatotoxicity pro-in�ammatory cytokines such as interleukin 12 (IL-12), tumor
necrosis factor-alpha, interleukin 6 (IL-6) rises with reduced anti-in�ammatory cytokines like interleukin 10
(IL-10), and transforming growth factor- beta [38]. During in-vivo toxicity, pro-in�ammatory cytokines
activates macrophages and promotes cell mediated immune responses and tissue damage [39]. In this
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experimental study, there was marked signi�cant increase in pro-in�ammatory cytokines (TNF- alpha and
IL-18) and decrease in anti-in�ammatory response(IL-10) associated with acetaminophen intoxication.
This kind of alterations in the immunological responses was recovered to their normal value by co-
administration of AuNPs. Hence, green synthesised gold nanoparticles (AuNPs) by using Terminalia
arjuna helped to ameliorate acetaminophen induced immunotoxicity in rat model.

Conclusion
To conclude, the �ndings suggest that AuNPs exerted its hepato- nephroprotective effects in experimental
animals by acting as an anti-in�ammatory agent. Hence, AuNPS might serve as an effective diagnostic
biomarker for acetaminophen induced immunotoxicity.
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Figures
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Figure 1

Graphical representation of A) KIM-1level, B) Cystatin C level in serum, and C)Cystatin C level in kidney
tissue homogenates of rats on different experimental groups. Data are expressed as Mean±
SE(n=6).ANOVA followed by multiple two-tail t-test and data with different superscripts (*, **, #) in a
speci�c vertical column indicates signi�cant difference (p<0.05) compared to control group.Groups,
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Group 1: Control, Group 2: Acetaminophen (500mg/kg/day) treated, Group 3: Terminaliaarjuna(175
µg/kg/day) + Acetaminophen, Group 4: AuNPs (175 µg/kg/day) + Acetaminophen.

Figure 2

Graphical representation of pro-in�ammatory cytokine A) TNF-alpha level, B) IL-18 level in serum, C) IL-18
level in liver tissueand, D) IL-18 level in kidney tissue homogenates of rats on different experimental
groups. Data are expressed as Mean± SE (n=6).ANOVA followed by multiple two-tail t-test and data with
different superscripts (*, **, #) in a speci�c vertical column indicates signi�cant difference (p<0.05)
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compared to control group. Groups, Group 1: Control, Group 2: Acetaminophen (500mg/kg/day) treated,
Group 3: Terminaliaarjuna(175 µg/kg/day) + Acetaminophen, Group 4: AuNPs (175 µg/kg/day) +
Acetaminophen.

Figure 3

Graphical representation of anti-in�ammatory cytokine A) IL-10 level in serum, B) IL-10 level in liver tissue
and, C) IL-10 level in kidney tissue homogenates of rats on different experimental groups. Data are
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expressed as Mean± SE (n=6).ANOVA followed by multiple two-tail t-test and data with different
superscripts (*, **, #) in a speci�c vertical column indicates signi�cant difference (p<0.05) compared to
control group. Groups, Group 1: Control, Group 2: Acetaminophen (500mg/kg/day) treated, Group 3:
Terminalia arjuna(175 µg/kg/day) + Acetaminophen, Group 4: AuNPs (175 µg/kg/day) + Acetaminophen.


