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The M. citrifolia, commonly called starvation fruit, plays an essential role in daily dietary intakes, as it
contains several vitamins, phytochemicals, and electrolytes. These constituents have several biological
activities that are anti-tumor, antibacterial, antiviral, antifungal, and play a role in the immune system.
The silver nanoparticles (AgNPs) were synthesized using a more uncomplicated and fast means using
the M. citrifolia fruit samples. The Silver ions (Ag+) readily get reduced to (Ag0) to perform M. Citrifolia
AgNPs hence the fruit extracts of M. Citrifolia can be considered potential lowering agents. The prelimi-
nary confirmation was done qualitatively by change of color into brownish-black, and the color change
was observed due to bio-reduction and the Surface Plasmon Resonance (SPR) vibration. It was established
by the absorbance peak at 430 nm using UV–Visible spectral analysis. Scanning Electron microscopy
(SEM) showed the particle size ranging from 12 to 26 nm. Fourier-transform infrared spectroscopy
(FTIR) confirmed the presence of the functional groups from synthesizedM. citrifolia AgNPs. The biochem-
ical studies were supported by the effect of antioxidant and anticancer properties of M. citrifolia AgNPs.
The pathological changes were studied using hematoxylin, and Eosin staining in Albino mice, which was
no tumor (Ehrlich ascites carcinoma) cell invasion exhibited in Fluorouracil treated group. The present
investigation proves that the M. citrifolia fruit extract derived AgNPs is a promising antioxidant agent
to treat liver cancer.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Nanomaterials are synthesized with a novel, eco-friendly, and
sustainable physical, chemical, biological, and engineering pro-
cesses. Nanotechnology is attained much significance in many sec-
tors like health care, food and feed, cosmetics, environmental
health, biomedical sciences, etc. (Pathkoti et al., 2017; Ahamed
et al., 2010; Devanesan et al., 2020). Bio-based approaches for syn-
thesizing nanoparticles are rapidly gained more attention due to
their ease of synthesis, eco-friendliness, stable and biocompatible.
Apart from the plant sources, bacteria, fungi, and seaweeds are
potentially used for (NPs) synthesis (Algebaly et al., 2020; AlSalhi
et al., 2016; Ameen et al., 2020; Valarmathi et al., 2020). The bio-
genic synthesis of NPs with plant extracts is more comfortable
and safe to handle during the entire bio-synthetic process (Singh
et al., 2020; AlSalhi et al., 2019).

In the biogenic synthesis method, the plant extracts were used
to reduce and to cap agents, which have a vital role in the synthesis
of NPs (Anu et al., 2020). The stabilizing and capping agents sup-
port making a perfect homogenous NPs and protecting surface
aggregation (Alfuraydi et al., 2019). The reduced surface aggrega-
tion prevents the toxicity of synthesized NPs (Devanesan et al.,
2020). In recent years, several researchers have reported the
anti-tumor and antimicrobial activity of AgNPs (Mishra et al.,
2017; Ameen et al., 2020; Valarmathi et al., 2020), and antioxi-
dants properties with less cytotoxicity activities(Das et al., 2019).

The M. citrifolia (Noni) is extensively used in traditional medi-
cine for over 2000 years (Wang and Su, 2001). Noni was reported
with broad healing properties, comprising cancer activity (Wang
et al., 2008). It has also been traditionally used to treat colds, flu,
diabetes, blood pressure, depression, and anxiety (Ellethy, 2019).
The noni fruit is rich in phenolic compounds like ellagic acid, gallic
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acid, quercetin, rutin, rosmarinic acid, caffeine, and chlorogenic
acid, which are highly potent antioxidant quinol oxidase (NOX).
NOX enzymes are responsible for reacting with oxygen and gener-
ating ROS, the free radical that damages the normal cell DNA
(Divisi et al., 2006). The M. citrifolia fruit were used to treat men-
strual cramps, liver diseases, and urinary tract infections
(Mathivanan et al., 2005).

The antioxidant molecules maintain free radicals into balance,
thus lowering the risk of oxidative stress. It is well documented
that many herbal antioxidants reduce the toxicity due to oxidative
stress and prevent the damage to normal cells. The whole mecha-
nism were elicited by several reports (Palu et al., 2008; Devanesan
et al., 2020). Besides, sensible evidence that antioxidants reversed
nephrotoxicity caused by oxidative stress due to one or the other
reasons. And antioxidants protected the kidney cells from the tox-
icity elicited by CIS (Gupta and Singh, 2013). Ehrlich ascites carci-
noma [EAC] is one of the commonest, and it appeared firstly as
spontaneous murine mammary adenocarcinoma (Saravana
Kumar et al., 2010). EAC lacks tumor-specific transplantation anti-
gen, which can see a rapid proliferation of nearly found all mouse
hosts (Abdel-Gawad et al., 2016; Ali et al., 2018).

Generally, chemotherapy is a standard treatment method for
various types of cancers; however, most of the chemotherapeutic
drugs showed limited impact along with multiple side effects.
Hence to find out a safe treatment protocol, the present research
was carried out to evaluate the properties of M. citrifolia fruit
extract derived AgNPs and their biological effects, against antioxi-
dant and anticancer activity using mice models with EAC-induced
carcinoma .
2. Materials and methods

2.1. Preparation of M. Citrifolia fruit extract

The M. citrifolia fresh fruit sample was collected and cleaned
with distilled water to remove the unwanted dust particles over
the fruits. Five grams of fruit sample was sliced into small pieces
and submerged into 150 ml of distilled water and then blended
for 10 min. The aqueous fruit extract was filtered with Whitman
No. 1 filter paper, and it was collected. The fruit extract was stored
at 4 �C for further evaluation studies.
2.2. Synthesis of M. Citrifolia mediated AgNPs

Forty-five ml of 1 mM aqueous (AgNO3) solution was added
with 5 ml of fruit extract to the conical flask. The flask was then
incubated at room temperature; after 4 h, the reaction mixture
turned into brownish dark in colour. The AgNPs obtained were
purified by centrifugation at 15,000 rpm for 15 min (AlSalhi
et al., 2016). The semisolid AgNPs was air-dried and collected as
powder. The synthesized AgNPs was subjected to different charac-
terization followed by biological applications.
2.3. Characterization of M. citrifolia-AgNPs

2.3.1. UV–vis spectroscopy
The characteristic surface plasma resonance (SPR) peak of the

AgNPs was documented with UV–Vis spectroscopy (Perkin Elmer
Spectrophotometer), capable of scanning the wavelength ranging
from 260 to 800 nm.
2.3.2. FTIR analysis
The functional group of synthesized AgNPs was analyzed using

FTIR system (Shimadzu Corporation, Kyoto, Japan), which was used
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to detect the characteristic peaks ranging from 400 to 4000 cm�1

with the resolution of 2 cm�1.

2.3.3. Scanning Electron microscopy (SEM) analysis
The morphology of synthesized M. citrifolia-AgNPs was per-

formed by using SEM (JSM-7600F).

2.4. Animals models

The male Swiss albino mice weighing 150–200 g were used in
this study. The mice were maintained thermoneutral temperature
conditions before to start the experiments. The mice were kept at
20 �C and 26 �C and fed with pelleted to avoid stress reasonably
well. During handling the mice, the experimental protocols were
followed by ethical guidelines of the Committee for Control and
Supervision of Experiments on Animals (CPCSEA),with a reference
1416/Po/a/11.

2.4.1. Transplantation of tumor cells
EAC cells were obtained from the department of biochemistry

Raja Serfoji College, Tanjavur. The EAC cells were conserved
in vivo in Swiss albino mice by intraperitoneal injection of
2 � 106 cells/mice. Before the intraperitoneal administration of
EAC cells, they were washed with normal saline and allowed to
develop the ascitic tumor for 7 to 10 days. Ascitic fluid was col-
lected from EAC cell-borrowed each mouse (days 9 of tumor-
bearing) and measure viable EAC cells under the microscope. Each
test mice received 0.1 ml cancer cell suspension containing 2 �106

cells administrated intraperitoneal route.

2.4.2. Grouping of experimental animals
Group-I (Normal Control) was served as normal control trea-

ted with saline control (5 ml/kg i.p.)
Group-II – (Cancer Induced) was served as EAC tumor control

group.
Group-III (Cancer Standard drug) was served as EAC tumour

control administered with 5 – Flouro uracil (5-FU) (20 mg/kg, i.p.)
for 14 days.

Group-IV- (Cancer + Plant sample) was served as EAC
treated tumor control treated with M. citrifolia mediated AgNPs
(2 mg/kg/bwt) for 14 days.

The standard drug, Flouro uracil 20 mg/kg and the plant extract
were administered after 72 h of tumor cells inoculation. All the
drugs were administered for 14 days continuously, and the
biochemical parameters were evaluated.

2.4.3. Sample collection
The blood samples from each mouse were collected by sino-

orbital puncture using micro-capillary tubes after the start of the
experiment (48 h). Blood samples were withdrawn in clean and
dry test tubes containing ethylene diamine tetraacetic acid (EDTA)
and then centrifuged at 3000 rpm for 15 min. The red blood cell
(RBC) count and white blood cell (WBC) count were measured
using standard procedures (Ochiai et al., 2018).

The supernatant was used for superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPx), and Lipid hydroper-
oxide (LPO) assays.

2.4.3.1. Assay of antioxidant enzymes. The antioxidants enzymes
such as SOD, CAT, and GPx activity were as assayed according to
the methodology described by Kakkar et al. (1984), Sinha (1972)
Rotruck et al. (1973) respectively.

2.4.3.2. Statistical analysis. The obtained result was expressed as
the mean value ± SD. The group comparisons were performed



Fig. 2. UV–Vis spectroscopic analysis of AgNPs.

Fig. 1. a-b: Visual observation of color changes- colorless solution to brownish-
black color formation of AgNPs.

Fig. 3. FTIR spectra of AgNPs synthesiz
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using one-way analysis of variance (ANOVA) test with significance
P < 0.05.

3. Results and discussion

The appearance of brownish-black color evidenced the bio-
reduction, and the colour change confirms the formation of AgNPs
(Fig. 1). M. citrifolia fruit aqueous extract showed a good reducing
activity in converting Ag+ ions to Ag0, which was visually observed.
During this synthesis process, the AgNPs were formed and gave a
brownish-black color due to the excitation of Surface Plasmon Res-
onance. In the course of reduction time, the solutions were becom-
ing darker and stable within a few hours (Devanesan et al., 2018;
Sathishkumar et al., 2012). The UV–Vis absorption spectra of the
synthesized AgNPs is shown in Fig. 2. The absorption peak
observed at 430 nm, indicated the formation of AgNPs from M.
citrifolia. The obtained UV–Vis spectrum result was by the earlier
findings of (Devanesan et al., 2020; Alfuraydi et al., 2019)

FTIR spectral analysis of AgNPs fromM. citrifolia showed pheno-
lic compounds, amines, alcohol, ether, and esters with respective
peaks at 3430.14, 2912.07, 2852.67, 1642.63, 1469.63, 1249.75,
1215.65, 1113.16, 1070.96, and 752.82 cm�1 (Fig. 3). The FTIR spec-
tra of the synthesized AgNPs showed strong alcohols and phenolic
group stretching at 3430.14 cm�1, another stretching of alkane
group at 2912.07, 2852.67 and 1469.84 cm�1, N–H bending vibra-
tions of primary amines at 1642.63, C-O stretching corresponding
to 1249.75, 1215.65, 1113.16, 1070.96 cm�1, while C–H oop bends
of aromatics at 752.82 cm�1. The current result proved the pres-
ence of active compounds as supportive evidence of previously
reported work of Andean blackberry fruit-inspired AgNPs (Kumar
et al., 2017), M. domestica fruit AgNPs (Umoren et al., 2014), and
also L. ovalifolium fruits mediated AgNPs (Moldovan et al., 2018).

The SEM images of the synthesized AgNPs from fruit extract of
M. citrifolia revealed that morphology of AgNPs not aggregated
each other’s. The particle size distribution of AgNPs in diameter
was ranging from 12 to 26 nm (Fig. 4 a & b). Several studies were
reported smaller, and non-aggregated NPs reduced the cytotoxicity
and improved the penetration volume in particular diseases
(Devanesan et al., 2020; Kumar et al., 2017).

The effect of M. citrifolia on antioxidant enzymes (SOD, CAT,
GPx, and LPO) of four groups are shown in Table 1 and Fig. 5(a,
b). The level of these enzymes was significantly decreased in
EAC-induced mice (Group II) compared to all the other three
groups (Group I, III, and IV). In contrast, the LPO level was extre-
ed by fruit extracts of M. citrifolia.



Fig. 4. (a) SEM analysis of AgNPs (b). High resolution of individual AgNPs focused by SEM.

Table 1
Effect of Nanoparticles synthesized from M. citrifolia Linn on SOD, CAT, GPx and LPO in different experimental groups of Swiss albino mice.

Groups SOD (IU/min/mg protein) Catalase (IU/min/mg protein) GPx (IU/min/mg protein) LPO (lM/ g tissue)

I 07.60 ± 0.01 39.10 ± 0.00 27.20 ± 0.02 162.60 ± 0.04
II 04.80 ± 0.04*a 10.20 ± 0.10*a 09.60 ± 0.04*a 403.10 ± 0.08*a
III 06.90 ± 0.03*b 23.60 ± 0.02*b 22.30 ± 0.01*b 190.40 ± 0.06*b
IV 6.50 ± 0.01*b 26.50 ± 0.01*b 19.40 ± 0.02*b 205.10 ± 0.03*b

Fig. 5. Effect of Nanoparticles synthesized from M. citrifolia on (a) SOD, Catalase,
GPx and (b) LPO in different experimental groups of Swiss albino mice.
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mely high in EAC-induced mice (Group II) compared to all the
other groups (I, III, and IV). The effect of synthesized AgNPs from
M. citrifolia plays a vital role in maintaining EAC-induced Swiss
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albino mice’s antioxidant capacity. The synthesized AgNPs proved
the treatment effects are closely related to the standard drugs.
Numerous studies have been reported that SOD and CAT levels
were decreased the cancers it may due to increased LPO levels
(Ellethy, 2019; Weydert and Cullen, 2010; Tsai et al., 2011). ROS
induce procarcinogens, stimulate LPO, prevent the enzymatic sys-
tem, and stimulate the cellular redox modified in the antioxidant
defensive systems. The M. citrifolia AgNPs blocked oxidative dress,
and LPO levels treated EAC bearing mice.

The effect of M. citrifolia on body weight, tumour volume, RBC
and WBC in different experimental groups were given in Table 2.
There was a significant (P < 0.05) increase in body weight, tumor
volume in cancer-induced mice (Group I) when compared to nor-
mal control (Group II) and treated groups (Group III and IV). The
WBC volume increased significantly in EAC bearing mice compared
to normal control and treated groups. At the same time, RBC value
was dramatically decreased in EAC mice as compared to normal
control and treated groups. The M. citrifolia fruit-inspired AgNPs
to interact with EAC mice and prevent the invade of the cancer
cells and evidenced the effect of AgNPs closely related to standard
chemotherapeutic drug activity.

The RBC level was decreased and increased WBC significantly
(P < 0.05) in group II compared to group I normal control. The
present studies’ results were supported with previously existed
of M. citrifolia fruit extract in EAC bearing mice (Ali et al., 2018;
Rahman et al., 2017). The M. citrifolia fruit extract and methotrex-
ate combination vaccination changed animal models’ hematologi-
cal parameters (Mhatre and Marar, 2016).

The pathological changes were studied using hematoxylin and
Eosin staining and photographed using a camera fixed light micro-
scope at 45X. Liver section of the control mice (A) showing the nor-
mal histological appearance of liver, including hepatic cells (HC),
Kupffer cell (KC), and centrally located nuclei (N) in Fig. 6. The Liver
section micrograph showed the sinusoidal infiltration of carcinoma
cells along with lymphocytes (arrows) and the development of
cytoplasmic vacuolation in the hepatocytes. The liver section of
Fluorouracil (FU) treated group showed no tumor cell invasion,



Table 2
Effect of Nanoparticles synthesis from M. citrifolia Linn on body weight, tumor volume, RBC and WBC in different experimental groups of Swiss albino rats.

Groups Body Weight (g) Tumor Volume (ml) RBC (cells/ml � 106) WBC (cells/ml � 103)

I 20.00 ± 0.01 00.00 ± 0.00 05.12 ± 0.02 07.40 ± 0.04
II 27.5 ± 0.04*a 07.50 ± 0.10*a 03.65 ± 0.04*a 16.10 ± 0.08*a
III 20.5 ± 0.03*b 01.20 ± 0.02*b 04.95 ± 0.01*b 09.50 ± 0.06*b
IV 22.5 ± 0.01*b 02.00 ± 0.01*b 04.20 ± 0.02*b 10.40 ± 0.03*b

All values were expressed as mean ± SD.Statistically significant of *ap < 0.05 compared to Normal control group (I), *bp < 0.05 compared to EAC treated group (II).

Fig. 6. Pathological changes using haematoxylin and Eosin staining (a) Normal control; (b) EAC control; (c) EAC + FU; (d) EAC + AgNPs.
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few lymphocytic infiltration, and nearly normal arrangement of
hepatocytes. Liver section of the plant extract-treated group
showed mild vacuolization, apoptosis with very few mononuclear
cells infiltration (arrowheads).

The M. citrifolia juice seems to preserve the liver from chronic
exogenous calcium tetra chloride vulnerability (Wang et al.,
2008). Previous reports have exhibited that tumor cell causes liver
damage and prevents the normal metabolic process in hepatic
cells, leading to alter the serum enzymes activity (Ali et al., 2017;
Ohkawa et al., 1979). The current EAC + FU and EAC + AgNPs were
observed to reduce the tumor volume compared to EAC bearing
mice, respectively. At the same time, tumor cell viability was sig-
nificantly reduced in FU treated and AgNPs treated EAC bearing
mice; the result was supported for previously reported by M. citri-
folia fruit (Ali et al., 2017). The plant-based AgNPs enhanced cyto-
toxicity effects on different cancer cell lines (Murugesan et al.,
2019). Earlier studies also proved the efficiency of plant-inspired
AgNPs activities against rat splenocytes (Sengottaiyan et al.,
2016; Aravinthan et al., 2015). Based on the finding of our results,
recommend that the synthesized M. citrifolia fruit AgNPs have the
potentiality of antioxidant and anti-tumorigenic against EAC
tumors.
4. Conclusion

M. citrifolia (Noni) has been widely used in folk medicine in sev-
eral countries.M. citrifolia contains more than 200 phytochemicals,
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which use to treat numerous diseases, especially anticancer activ-
ity. The current study exhibits, the nanoparticles synthesis from
aqueous extract of M. citrifolia Linn’s and to evaluated the effective
in preventive drug to the tumor growth in ascitic and solid tumour
EAC mice. The biochemical parameters were growing up its antiox-
idant and anticancer properties of AgNPs. M. citrifolia components
and Ag0 enhanced the interaction of each cell and prevented the
tumor cell proliferation in EAC bearing mice. Overall, the M. citrifo-
lia fruit AgNPs have acted as an antioxidant and anticancer agent in
EAC mice.
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