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Abstract
Solid tumors are fairly common and face many clinical di�culties since they are hardly surgically
resectable and broadly do not respond to radiation and chemotherapy. The current study aimed to
fabricate ginsenoside Rg3 nanoparticles (Rg3-NPs) and evaluate their antitumor effect against Ehrlich
solid tumors (EST) in mice. Rg3-NPs were fabricated using whey protein isolates (WPI), maltodextrin
(MD), and gum Arabic (GA). EST was developed by the injection of mice with Ehrlich ascites cells (2.5 x
106). The mice were divided into a control group, EST group, and the EST groups that were treated orally
2 weeks for with normal Rg3 (3 mg/kg b.w), Rg3-NPs at a low dose (3 mg/kg b.w), and Rg3-NPs at a high
dose (6 mg/kg b.w). Serum and solid tumors were collected for different assays. The results revealed that
synthesized Rg3-NPs showed a spherical shape with an average particle size of 20 nm and zeta potential
of -5.58 mV. The in vivo study revealed that EST mice showed a signi�cant increase in AFP, Casp3, TNF-α,
MMP-9, VEGF, MDA DNA damage accompanied by a signi�cant decrease in SOD and GPx. Treatment
with Rg3 or Rg3-NPs decreased the tumor weight and size and induced a signi�cant improvement in all
the biochemical parameters. Rg3-NPs were more effective than Rg3 and the improvement was dose-
dependent. It could be concluded that fabrication of Rg3-NPs enhanced the protective effect against EST
development which may be due to the synergistic effect of Rg3 and MD, GA, and WPI.

Introduction
Cancer is the most irremediable disease and considers the main cause of most death all over the world
and the global total number of death due to this disease may reach about 13.2 million by 2030 (Wong et
al. 2015). Radiation treatment, surgery, and chemotherapy are the mainstays of the treatment of cancer
but it does have severe side effects and drawbacks, for example, cytotoxicity to normal cells, and
chemoresistance (Huang et al. 2017). Each of these conventional treatment choices works to focus on
the molecular "side effects" of tumor development as opposed to the reason. Regrettably, the cellular
death affected by these medicines isn't constrained to malignant growth cells (Kelly et al. 2016). Hence,
the alternative and complementary medicines and the application of functional foods or medicinal herbs
may be an alternative gateway to combat the cancer progression (Yin et al. 2013). In this concern,
adaptogenic oriental herbs such as ginseng could be the major promising candidates for cancer
treatment as complementary and alternative safe medicines and anticancer drugs (Kim et al. 2015; Sun
et al. 2017).

Panax ginseng (Korean red ginseng), is considered one of the most extremely valued medicinal plants in
traditional medicine for several thousand years (Abdel-Wahhab et al. 2010, 2012). Ginseng is rich in
phytochemicals like the unique triterpenoid saponins (ginsenoside), acidic polysaccharides and phenols
which are well known to display several pharmacological properties including anti-in�ammatory (Mannaa
et al. 2006; Kim et al. 2017), anticancer (Abdel-Wahhab et al. 2010; Chen et al. 2016), antidiabetic (Chen
et al. 2019a), antiaging (Hwang et al. 2017), enhanced immunization and liver functions and protects
against oxidative damage of a�atoxin B1, fumonisin (Abdel-Wahhab et al. 2010) and Alzheimer's disease
(Mohanan et al. 2017). After oral ingestion, the crude and the main ginsenosides in ginseng are converted
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to minor ginsenosides due to the hydrolysis of glucose molecules by the intestinal microbiota (Tawab et
al. 2003). These minor ginsenosides are well known as anticancer compounds (Wong et al. 2015);
however, they face some challenges because of their low solubility, lower oral bioavailability, and non-
targeted cytotoxicity to the normal cells (Ganesan et al. 2015; Mathiyalagan et al. 2016). To overcome
these limitations, nanotechnology, and carrier delivery systems may be adequately resolved the
problematic properties for several phytomedicinal ingredients such as the ginsenosides Rg3 (Ganesan et
al. 2015). The application of nanotechnology can improve the solubility and lipid membrane
transmission, improve the anticancer e�cacy, enhance sustainability in the intestinal environment and
eliminate the loss after the oral ingestion (Mathiyalagan et al. 2016; Abdel-Wahhab et al. 2018).
Therefore, the current study aimed to synthesize and characterize nanoparticles of the Panax ginseng
extract standardized with ginsenosides Rg3 (PGE-Rg3) and evaluating their antitumor activity on the
Ehrlich solid tumor model in mice.

Material And Methods

Chemical and kits
Whey protein isolates (WPI) and maltodextrin (MD) were provided by Sigma Aldrich (St. Louis, USA). Gum
Arabic (GA) was purchased from San-Ei Gen F.F.I. Inc. (Osaka, Japan). ELISA kits for Alpha-fetoprotein
(AFP), matrix metalloproteinases-9 (MMP-9), tumor necrosis factor-α (TNF-α), vascular endothelial growth
factor (VEGF), and caspase-3 were supplied by Sunlong Biotech (Zhejiang, China).

Plant materials and Preparation of ginsenoside Rg3
nanoparticles (Rg3-NPs)
Phoenix ginseng (the standardized Panax ginseng extract) containing 3.6% ginsenoside Rg3 (Rg3) was
supplied by LOTTE Group R & D Center (Seoul, Korea). MD, GA, and WPI (1:1:1 w/w) were dissolved in 800
ml of distilled water with stirring. Solutions were left overnight at room temperature before emulsi�cation
for full hydration. Rg3 was dissolved in deionized water (10 g/100 ml) and the solution was progressively
added to the polymer solution with homogenization at 20000 rpm for 10 min. The concentration of
polymer was 20%, and Rg3 was 10% of the polymer mass concentration. The emulsion was
encapsulated using a spray drier (B-290, Buchi) equipped with a pressure air atomizing nozzle at 2.5 bar,
inlet, and outlet temperatures were 160 ± 5 and 85 ± 5 oC, respectively. The dried Rg3-NPs powder was
collected and stored at 4 oC until analysis (Jinapong et al. 2008).

Experimental animals
Female Swiss albino mice (20-25 g) were purchased from the National Cancer Research Institute, Cairo
University, Cairo, Egypt (�ve females with Ehrlich ascites carcinoma (EAC) and �fty healthy females). The
mice were housed in stainless steel cages in a room free from any source of chemical contamination,
arti�cially illuminated (12 h dark/light cycle), and thermally controlled (25 ± 1 oC) at the Animal House
Lab, NRC, Dokki, Cairo, Egypt with ad libitum tap water and commercial standard diet. The protocol of the
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animal study was approved by the local Animal Ethics Committee of NRC and performed ethically
following the National Institute of Health Guideline (NIH publication 86-23 revised 1985).

Tumor inoculation
The ascitic �uid (1 ml) from mice with EAC was diluted with saline at a ratio of 1:10, and 0.2 ml of diluted
ascitic �uid represented 2.5 × 106 EAC (Mansour and Anis 2010) was injected intramuscularly in the left
thigh of each mouse to stimulate Ehrlich solid tumors (EST) as described by Perry (2008).

Experimental design
Mice were divided randomly into 5 groups (10 mice/group) and treated daily with the oral route for 2
weeks as follow: group 1, normal control group (animals that were injected with saline solution); group 2,
EST mice; group 3, EST mice treated with normal Rg3 (3 mg/kg bw); group 4, EST mice treated with a low
dose of Rg3-NPs (3 mg/kg bw) and group 5, EST mice treated with a high dose of Rg3-NPs (6 mg/kg bw).
The dose of Rg3 or Rg3-NPs was selected based on the previous work of Liu et al. (2019)

Samples collection and biochemical analysis
At the end of the experiment, blood samples were collected from the inferior vena cava under iso�urane
anesthesia. Sera were separated using cooling centrifugation and stored at -20 oC until use for the
estimation of AFP, MMP-9, TNF-α, VEGF, and caspase-3 according to the manufacturer's protocol
employing. After the collection of blood samples, all animals were euthanized and the tumor tissues were
dissected from all mice, weighed then cut into small pieces and homogenized in phosphate buffer saline
PBS (pH 7.4), centrifuged at 4000 rpm for 15 min at 4°C and the supernatant was collected for chemical
investigations. The activity of superoxide dismutase (SOD) and glutathione peroxidase (GPx) were
measured spectrophotometrically according to the kit's instructions. MDA was recognized according to
Basuony et al. (2015).

Assessment of DNA Damage by Comet Assay
Comet assay has been developed to detect cellular DNA damage according to Singh et al. (1988) and the
modi�cations of Blasiak et al. (2003). Brie�y, lymphocytes were separated from whole blood using Ficoll-
Hypaque density gradient. The single cells suspensions (10 µl) were jumbled with 75 µl of 0.5% low
melting agarose for �xed on microscope slides coated with a previous layer of 1% agarose, then
spreading using a coverslip and maintained at 4°C for 30 min to solidify the agarose. After removal of the
coverslip, the slides were immersed in cold lysis buffer (10 mM Tris, 0.1M EDTA, 2.5M NaCl, 10%
dimethylsulfoxide, and 1% Triton X-100) at 4 ◦C for 60 min. Thereafter, the slides were transported into an
alkaline solution (1 mM EDTA and 300 mM, NaOH) for 40 min in the dark followed by electrophoresis for
30 min at 25 V, 300 mA. The slides were then gently removed from the tank and washed three times with
neutralizing buffer (0.4 M Trisma base adjusted pH 7.55 with HCl) for 10 min and 20 µl ethidium bromide
(10 µg/ml) was added to each slide. The slides were analyzed at 400× magni�cation using a
�uorescence microscope (IX70; Olympus, Tokyo, Japan) equipped with an excitation �lter of 549 nm and
a barrier �lter of 590 nm by counting the damaged cell out of 50 cells per slide to calculate the percent of
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the damage. The image of the slides was taken using a digital camera. Tail parameters were then
evaluated using CaspLab - Comet Assay Software Project. Tail parameters used in this study were the tail
moment (TM) (TM=tail length x % of DNA in the tail), the tail DNA % (TD), and Olive tail moment (OTM) =
(tail mean-head mean) x % of DNA.

Statistical analysis
Data are stated as mean ± SE and were analyzed statistically by one-way ANOVA followed by Duncan-
test as a post-hoc using SPSS for Windows (Version 21; SPSS Inc., Chicago, IL, USA). All statements of
signi�cance were based on a probability of P ≤ 0.05.

Results
The current results showed that MD, GA, and WPI were successfully used for the synthesis of a round
shape Rg3-NPs as shown in the TEM image (Fig. 1A) with an average particle size of 20 nm (Fig. 1B), ζ
potential of -5.58 mV (Fig. 1C). The effect of normal Rg3 or Rg3-NPs on tumor weight (Fig. 2) and size
(Fig. 3) showed that both the normal Rg3 and Rg3-NPs induced a signi�cant decrease in tumor weight
and this effect was more pronounced in the groups that received Rg3-NPs in a dose-dependent compared
with EST mice. The current results also revealed that AFP level was signi�cantly high in EST mice
compared with the control group. Treatment with Rg3 and Rg3-NPs induced a signi�cant decrease in AFP
and the high dose of Rg3-NPs was the most effective (Fig. 4).

The effect of different treatments on serum Casp3 (Fig. 5A), TNF-α (Fig. 5B), MMP-9 (Fig. 5C), and VEGF
(Fig. 5D) in the animals within different groups indicated that Casp3 was decreased signi�cantly;
however, TNF-α, MMP-9, and VEGF showed a signi�cant increase in EST mice compared with the normal
control. EST mice treated with Rg3 or Rg3-NPs at the low or the high dose showed a signi�cant
improvement in these parameters and Rg3-NPs (HD) was more effective than Rg3-NPs (LD) and Rg3. The
current results revealed that the activity of SOD and GPx decreased signi�cantly in EST mice compared
with the normal control mice. Administration of Rg3, Rg3-NPs (LD), or Rg3-NPs (HD) induced a signi�cant
increase in these enzyme activities compared to EST alone mice, and the high dose of Rg3-NPs was the
most effective although it did not normalize these enzymes (Table 1). On the other hand, MDA levels
increased signi�cantly in EST mice compared with the normal control group. Rg3 or Rg3-NPs at the two
tested doses induced a signi�cant improvement in MDA towards the control level although none of these
treatments could normalize it (Table 1).

Additionally, the comet assay results (Table 2 and Fig. 6) showed that the normal control cells re�ected
the high molecular-weight genomic DNA and have uniform DNA, and preserved the round form (comet
head) with a too-short tail. The EST cells showed a deformed appearance of tail DNA re�ected the
increase in DNA damage (41.5 % vs 1.7% for the control). Additionally, the tail moment (TM) and Olive
moment (OTM) showed a signi�cant increase in EST cells (39.2 and 31.2 A.U, respectively). The cells of
EST mice treated with Rg3, RG3-NPs (LD) or Rg3-NPs (HD) showed a signi�cant decrease in the
percentage of tail DNA (28.5%, 20.7%, and 11.9%, respectively). Furthermore, the improvement in comet
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tail parameters was pronounced in the groups that received Rg3-NPs and the high dose was more
effective than the low dose.

Discussion
The current results showed that MD, GA, and WPI at a ratio of 1:1:1 (w/w) was successfully used for the
synthesis of Rg3-NPs when added to the extract at a ratio of 2:1 (polymer: extract). The synthesized Rg3-
NPs showed sphere shape with good uniformity with an average size of 30 nm. The particle size reported
in this study was different from the ginsenoside Rb1 synthesized by Dai et al. (2018) by the self-
assembly method which showed a particle size of 78.9 nm (Dai et al. 2018). However, Hong et al. (2019)
used novel ginsenoside-based liposomes to synthesize Rg3-NPs with an average size of 52.02 nm. The
synthesized Rg3-NPs reported in our study showed ζ-potential of -5.58 mV. Similar negative ζ potential
was also reported in the previous studies (Dai et al. 2018; Hong et al. 2019). ζ-potential is considered the
critical factor in the evaluation of the stability of nanoparticle dispersion. The negative charge on Rg3NPs
is attributed to the sugar residues on C-3 and C-20 of Rg3 (Dai et al. 2018) and the charge of carboxylate
groups in WPI use in the synthesis of Rg3-NPs (Eratte et al. 2014; Hassan et al. 2021).

To achieve an effective treatment for the solid tumors, the anticancer drugs must be able to reach all
viable cells within tumors at concentrations su�cient to cause death. Meanwhile, most solid tumors have
a weak vascular network with unstable blood �ow rates and large intercapillary space compared to
normal tissue (Gavhane et al. 2011). Thus, the need for drug penetration to multiple layers of tissue may
be a barrier to the effective treatment of solid tumors, and nanoparticles (NPs) have thus proven to have
tremendous potential in cancer therapy. In the current study, we synthesized and characterized
ginsenosides Rg3 nanoparticles (Rg3-NPs) and evaluated their antitumor properties in Ehrlich solid tumor
model in mice compared to the normal ginsenosides Rg3. The induction of solid tumor was carried out by
the injection of mice with 2.5 × 106 Ehrlich ascites cells as described by Mansour and Anis (2010);
however, the selected dose of Rg3 and Rg3-NPs was based on the previous work of Khalil et al. (2008)
and Liu et al. (2019).

The results indicated that injection of mice with Ehrlich ascites cells resulted in the development of tumor
which induced a signi�cant increase in serum AFP, TNF-α, MMP-9, and VEGF accompanied by a
signi�cant decrease in casp3. Additionally, the percentage of DNA damage and the level of MDA showed
a signi�cant increase in the tumor tissue accompanied by a signi�cant decrease in the activity of
antioxidant enzymes (GPx and SOD). AFP is a glycoprotein regarded as a characteristic tumor biomarker
for screening and supervising malignant solid tumors. AFP promoted endothelial cell migration, invasion,
and tumor formation, and decreased apoptosis (Abdel-Aziem et al. 2011; Chen et al. 2019b). The
elevation of AFP in EST mice in the current study indicated the in�ammatory response and agree with the
previous reports (Ahmed et al. 2019; Choi and Kakar 2017; Aldubayan et al. 2019; Medhat et al. 2017)
who reported a similar increase in the level of AFP in the EAC bearing mice. TNF-α is a central
proin�ammatory cytokine that can activate various mitogen-activated protein kinase kinases (MAP3Ks),
regulating several genes involved in cell transformation, proliferation, and angiogenesis (Reuter et al.
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2010). The increase in this cytokine in the serum in EST mice is similar to that occur in cancer patients
who develop cachexia as a result of the increased production of TNF-α by the macrophages (Bachmann
et al. 2008; Gueta et al. 2010) suggesting that TNF-α is playing an important role in the immune defense,
homeostasis and in�ammation (Warren et al. 2009). Moreover, the increase in TNF-α re�ex increased in
MMP-9 and VEGF since TNF-α can activate the endothelial/epithelial tyrosine kinase (Etk) which mediate
activation of vascular endothelial growth factor (VEGF), resulting in enhanced angiogenesis (Dugan and
Quick 2005). Angiogenesis is fast tumor growth and expansion by providing oxygen, nutrients, and
paracrine stimuli to the tumor (Gu et al. 2013).

Additionally, TNF-α up-regulates the expression of matrix metalloproteinases-9 (MMP-9) as reported by
Liu et al. (2015). MMP-9 is a signi�cant protease that plays a vital role in tumor metastasis through
extracellular matrix remodeling and membrane protein cleavage (Huang 2018). Metastasis is a complex
process through which cancer cells spread from a primary site to form tumors at other distant parts of
the body (Sun et al. 2017). The current results also showed that apoptotic Casp3 was increased in EST
mice. Apoptosis is a genetically regulated form of cell death that plays an important role in eliminating
infected, damaged, and other unwanted cells from the body (Fuchs and Steller 2011). Casp3 is a member
of the cysteine protease family, which plays a crucial role in apoptotic pathways by cleaving a variety of
key cellular proteins. Lack of caspase-3 expression in a cancerous environment induces a functional
deletion mutation in the Casp3 gene (Devarajan et al. 2002).

The results also revealed that EST mice showed a signi�cant decrease in GPx and SOD and a signi�cant
increase in MDA and the percentage of DNA damage. These results indicated that the status of oxidative
stress occurred in these animals. It is well known that the development of cancer is linked with the
generation of free radicals resulting in lipid peroxidation and DNA damage, chromosomal aberration and
mutations consequently the tissue damage and disorganization (Abdel-Wahhab et al. 2012; Abd Eldaim
et al. 2019). Moreover, the uncontrolled growth and proliferation of abnormal cells during cancer
progression is associated with a dysregulation of apoptosis (Hafez et al. 2015; Jan and Chaudhry 2019;
Emami Nejad et al. 2021). When DNA damage, the p53 apoptosis arrests the cell cycle at G1 and G2 and
activates DNA repair proteins (Benedict et al. 2018; Tiwari and Wilson 2019; Tousson et al. 2011);
however, the activation of the Bax gene is occurring if the damage is irreparable resulting in apoptosis
(Hassan et al. 2015; Haris et al. 1996; Giono and Manfredi 2006).

Oxidized and damaged DNA can stimulate genetic mutation increasing cell proliferation and eventually
normal cells are converted into malignant tumor cells (Nourazarian et al. 2014). Comet assay is primarily
measured the strand breaks of DNA, cross-linking sites, and incomplete excision repair in a single cell
(Kang et al. 2013). Based on the results of the comet assay, EST showed a signi�cantly high rate of all
DNA damage parameters (tail parameters), which include the percent of DNA in the tail, tail moment, and
olive tail moment compared to the control group, while EST mice treated with Rg3 or Rg3-NPs showed
less DNA damage parameters compared to other treated groups and this effect was more pronounced in
EST mice received Rg3-NPs (LD). The percentage of DNA in the tail is mainly related to DNA damage
frequency because it represents the amount of migrated DNA from the nucleus (Dogan et al. 2011).
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Otherwise, tail moment evaluation re�ects the percentage of migrated DNA to the tail multiplied by the tail
length, where it has more accuracy and shows the intensity of DNA damage (Yahia et al. 2019). Olive tail
moment results were correlated with other markers and it is also represented as a good index for DNA
damage (Kumaravel and Jha 2006).

The current data indicated that administration of Rg3 either in the normal or nanoforms induced a potent
antitumor effect in EST mice. Treatment with Rg3 decreased the tumor weight and size, TNF-α, MMP-9,
VEGF, MDA, and the percentage of DNA damage; however, it induced a signi�cant improvement in casp3,
GPx, and SOD in EST mice. The improvement in these parameters due to Rg3 was more pronounced in
the groups that received Rg3-NPs and the high dose was more effective than the low dose. These results
suggested that the nano synthesized Rg3 enhanced the e�ciency of the extract via the increase of
bioavailability and solubility. In this concern, several attempts were conducted to synthesize Rg3-NPs to
solve the challenges facing the application of Rg3 in cancer treatment. Previous studies reported that Rg3
nanoparticles can be synthesized using hydrogels, nano�bers (Cheng et al. 2013), PEG, chitosan, RGD
peptide (Cheng et al. 2016; Sun et al. 2014) for the treatment of hypertrophic scar (HS) via the apoptosis
of �broblasts, inhibition of the in�ammation and down-regulation the expression of VEGF (Zhao et al.
2020).

Several reports showed that Rg3 induced its anticancer activity through different mechanisms including
the induction of apoptosis (Abdel-Wahahb et al. 2010; Li et al. 2015; Teng et al. 2017; Chen et al. 2019a),
autophagy via up-regulation of autophagy-associated molecules (Zheng et al. 2017), the suppression of
proliferation ( Sun et al. 2016; Li et al. 2016; Song et al. 2020), cell cycle arrest (Liang et al. 2021; Peng et
al. 2019), metastasis (Nakhjavani et al. 2019; Huang et al. 2020) and angiogenesis (Nakhjavani et al.
2020; Li et al. 2018), immunomodulatory effects (Liu et al. 2019; Park et al. 2011), reducing multidrug
resistance (Liu et al. 2018), sensitization to radiation (Nakhjavani et al. 2019; Wang et al. 2015), and
encouraging the genotoxicity in cancer cells (Chen et al. 2020; Zhang et al. 2014).

In addition to the abovementioned mechanisms of Rg3, we propose other mechanisms which enhanced
the antitumor properties of Rg3-NPs. In the current study, MD, WPI, and GA were utilized in the synthesis
of Rg3-NPs. These agents are well known to have antioxidant activity. For instance, MD is a
polysaccharide known to display antioxidant property (Wang et al. 2016; Zhong et al. 2019), radical
scavenging activity (Wang et al. 2016), and may impose a synergistic effect and promotes the
antioxidant property of Rg3 (Wang et al. 2016; Zhong et al. 2019). Generally, the antioxidant properties of
MD able to reduce the risk of different diseases linked to oxidative stress including breast cancer,
neurodegenerative disease, colitis, diabetes, obesity, and liver injury via three direct mechanisms which
include antioxidant system regulation, oxidative stress-mediated signaling, and ROS scavenging
pathways (Li et al. 2017). GA also contains branched polysaccharides chains which are potent
antioxidants and effective in the reduction of toxicity (Kong et al. 2014). Additionally, it modulates the
mRNA expression of different antioxidant genes (Ahmed et al. 2015) due to its high content of phenolics
which are associated with the antioxidant than its scavenging activity (Mirghani et al. 2018).
Furthermore, GA reduces the production of superoxide and MDA and elevated the level of GSH and TAC
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levels (Ali et al. 2020). These antioxidant activities are correlated to its amino acids content (Ali et al.
2020; Khalid et al. 2017) alongside its immune-modulatory and anti-in�ammatory actions (Kamal 2018)
through the diminishing of TNFα and C-reactive protein levels and the elevating of IL10, the anti-
in�ammatory cytokine (Ali et al. 2013; Ushida et al. 2011). Moreover, the antioxidant activity of WPI is
another pathway in the protective role of Rg3-NPs through its high content of cysteine, β-lactoglobulin,
and α-lactoglobulin and its ability to increase GSH which is accountable for the prevention of cell damage
(Bayrama et al. 2009; Gad et al. 2011; Hassan et al. 2021; Mohammed et al. 2020; Rodzik et al. 2020;
Kennedy et al. 2020).

Conclusion
The current results concluded that Rg3-NPs were successfully synthesized using MD, GA, and WPI. The
synthesized Rg3-NPs showed a good uniformity sphere shape with an average size of 30 nm and ζ-
potential of -5.58 mV. Injection with ascitic �uid (2.5 × 106 Ehrlich ascites cells) resulted in the
development of EST in mice with an average weight of 2.2 g. The EST mice showed a signi�cant increase
in AFP, TNF-α, MMP-9, VEGF, MDA, and the percentage of DNA damage accompanied by a signi�cant
decrease in casp3, GPx, and SOD. Administration of Rg3 in the normal or nano form induced a signi�cant
decrease in the tumor weight and size and improved all the biochemical parameters tested. Rg3-NPs were
more effective compared with the normal form and the improvement was more pronounced in EST mice
received Rg3-NPs (HD). The protective role of Rg3-NPs mainly due to different mechanisms harmonized
with those reported in the literature, in addition to the synergistic antioxidant and immunomodulatory
effects of the MD, GA, and WPI which are used in the fabrication of RG3-NPs.
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Tables
Table 1

Effect of Rg3 and Rg3-NPs on oxidant and antioxidant parameters in tumor tissues of EST mice 
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                Groups

Parameters

SOD

(U/g)

GPx

(U /g)

MDA

(nmol/g)

DNA damage (%)

Control 15.5 ± 0.45a 11.2 ± 1.0a 6.2 ± 0.5a 3.5 ± 0.9a

EST 7.1 ± 0.33b 4.8 ± 0.65b 14.8 ± 0.5b 75.0 ± 3.0b

EST plus Rg3 9.8 ± 0.23c 7.6 ± 0.42c 11.2 ± 0.4c 46.0 ± 3.1c

EST plus Rg3- NPs (LD) 11.3 ± 0.42d 8.8 ± 0.47d 8.7 ± 0.3d 31.0 ± 3.7d

EST plus Rg3- NPs (HD) 13.3 ± 0.31e 10.7 ± 0.14e 6.8 ± 0.3e 17.0 ± 3.2e

Within each column, means superscripts with different letters are signi�cantly different (P < 0.05)

Table 2

Effect of Rg3 and Rg3-NPs on the comet tail parameters in tumor tissues of EST mice

Groups % Tail DNA TM OTM

Control 1.7 ± 0.8a 0.07  ± 0.04a 0.4 ±  0.17a

EST 41.5 ± 5.6b 39.2 ± 8.5b 31.2  ± 7.7b

EST plus Rg3 28.5 ±1.8c 14.8 ± 0.8c 11.8 ± 0.6c

EST plus Rg3- NPs (LD) 20.7 ± 4.3d 11.0 ± 1.4d 10.3  ± 3.4d

EST plus Rg3- NPs (HD) 11.9 ± 3.5e 4.5  ± 0.3e 5.5 ± 1.7e

Within each column, means superscripts with different letters are signi�cantly different (P < 0.05)

Figures
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Figure 1

DLS analysis showing the intens-wt gaussian distribution of PGE-Rh3-NPs (A), Zeta Sizer chromatogram
showing the zeta potential of PGE-Rg3-NPs and TEM image of showing: the round shape of the particles.

Figure 2

Effect of PGE-Rg3 and PGE-Rg3-NPs on tumor weight in EST mice Columns superscripts with different
letters are signi�cantly different (P < 0.05)
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Figure 3

Tumor size and shape in. (A) EST mice, (B) EST mice treated with PHE-Rg3, (C) EST mice treated with
PGE-Rg3-NPS (LD) and (D) EST mice treated with Rg3-NPs (HD)
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Figure 4

Effect of PGE-Rg3 and Rg3-NPs on serum AFP levels in SET mice Columns superscripts with different
letters are signi�cantly different (P < 0.05)

Figure 5
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Effect of Rg3 and Rg3-NPs on serum (A) Casp3, (B) TNF-α, (C) MMP-9 and (D) VEGF in EST mice
Columns superscripts with different letters are signi�cantly different (P < 0.05)

Figure 6

Fluorescent images represent DNA damage in (A) control group has uniform DNA and preserved the
circular form of a normal nucleus; (B) EST mice showed a deformed appearance of DNA; (C) EST mice
treated with Rg3; (D) EST mice treated with Rg3-NPs (LD) and (E) EST mice treated with Rg3-NPs (HD).
All the groups received Rg3 or Rg3-NPs showed signi�cantly less percent of DNA damage but the percent
of DNA damage of the treated 3 group was the most decreased and near the shape of DNA of the control
group.


