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Abstract
Background: Hepatocellular carcinoma (HCC) is one of the most dangerous cancers
in all the world. This study focused on prevention and therapy of hepatocellular carcinoma (HCC) using Moringa oleifera extract combined with vitamin C and selenium in a
nanoplatform (MO/asc.-Se-NPs).
Results: Full characterization of MO/asc.-Se-NPs was performed by using different
analytical techniques (TEM, DLS, zeta-sizer), and its antioxidant capacity was measured
by DPPH assay. Biodistribution study was performed with the aid of radiolabeling
technique using technetium-99m in normal albino mice. HCC was induced in Wister
albino rats to evaluate the efficiency of MO/asc.-Se-NPs in the treatment of HCC. The
biomarker analysis (ALT, AST and ALB) shows improvement in its values in prevention
and treated groups by using MO/asc.-Se NP. The levels of inflammatory marker interleukin 6 (IL6 tissue homogenate) was improved by decreasing its values in these two
groups also. Histology section of tissue liver showed alleviation in treated and prevention groups.
Conclusions: In conclusion, MO/asc.-Se-NPs can be used as a potential agent for
prevention and treatment of HCC after further preclinical studies.
Keywords: Moringa oleifera, Se-NPs, Hepatocellular carcinoma, Interleukin-6, 99mTccomplexation

Background
Hepatocellular carcinoma (HCC) is one of the most dangerous cancers in all the world
which represents the third fundamental reason of death with 700,000 annual death
(Choi et al. 2022), many factors that lead to hepatocellular carcinoma (HCC) malignant tumors in humans. The most important are HCV (hepatitis C virus), chronic HBV
(hepatitis B virus), diabetes mellitus, obesity and chronic alcohol use (Aljuhr et al. 2021;
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Choi et al. 2022), There are some chemicals that causes deep injury in liver and advancement of tumors as compounds act as genotoxic agents which stimulated formation of
tumor and other compound that represented promoting agents if it taken with genotoxic
agents causes immediately tumor figuration (Shamsel-Din et al. 2020). Promoting agents
demonstrated to expedite the clonal amplification of the preneoplastic which directly
raises tumor progress (Muriel, 2009) the symptoms of HCC can be observed through
abdominal pain, enlarged abdomen, hemorrhage and yellow skin or eyes (jaundice) (Schacherer et al. 2007). Natural products found in many sources plants, marine organisms
and microorganisms which have a diverse biological activities (Katz et al. 2016) are considered a valuable source of many chemical structures that used for drug discovery and
pharmaceutical purpose (Newman and Cragg 2020) from ancient times, a different diseases as malaria, immune and cancer can be treated by using natural product natural
product and their derivatives (Tajuddeen et al. 2019). Medicinal plants one of the natural
product resources that give it a huge value for its economical, industrial, environmental
and pharmaceutical applications for human life (Nazir and Gangoo 2022; Sharma et al.
2021; Yeshi et al. 2022). Moringa oleifera (MO) is a tree of species belongs to family of
Moringaceae found in Himalayan and sub-Himalayan regions such as tropical and subtropical countries as India, Bangladesh, Afghanistan and Pakistan (Moichela 2021; Okorie et al. 2019). MO has wide range applications in medicine and many other fields which
rightly earned the nickname drumstick tree (de Siqueira Patriota et al. 2020; Meireles
et al. 2020). Leaves of MO have a good supply of many vitamins (Fig. 1) for example
vitamin A (Brar et al. 2022; MGBOJIKWE et al. 2022) that is important for vision problems, embryonic growth, immune reproduction, and cell differentiation (Susanto et al.
2019), presence of vitamin C about 200 mg/100 g that considered a high concentration
that found in oranges (Akhter 2023; Wijaya 2019) also vitamin E one of compositions
of moringa with concentration that found in nuts (Rodriguez 2020; Salama et al. 2020)
which give moringa a great value because its antioxidant and inhibit cell proliferation
(Gong et al. 2018; Safitri et al. 2022). MO leaves also protect the body from various deleterious effects of free radicals, pollutants and toxins and act as antioxidants (Soliman
et al. 2021). MO is a good source to polyphenol compounds as phenolic acids and flavonoids, which have been synthesized in plant in response to antimicrobial infections
that contain a benzo-pyrone ring (Fontana et al. 2022), flavonoids demonstrated a great
results in treatment some of chronic diseases like cardiovascular disease and cancer (Ati
et al. 2022; Ciumărnean et al. 2020). It was found that myricetin, quercetin and kaempferol (Fig. 1) are the largest concentration of flavonoids in moringa (Vonghirundecha
et al. 2022). Oxidative stress activates inflammatory pathways leading to transformation
of a normal cell to tumor cell, tumor cell, all observations to date suggest that oxidative stress, chronic inflammation, and cancer are closely linked (Dutta et al. 2021; Zhou
et al. 2021). Antioxidants can disrupt the formation of free radicals and reduce oxidative
stress, which ultimately prevents cancer (Akbari et al. 2022). MO leaves contain some
vital compounds such as rutin, gallic acid, coumaric and quercetin which contain antioxidants which they have important role as antioxidant and reduced oxidant stress due
to scavenger for nitric oxide radicals and has a potential source of natural antioxidant
(Pereira et al. 2021); whereas, ascorbic acid (vitamin C) has multi-biological benefits that
enhance the protection against endothelia dysfunction, carcinogenicity (Elbakry et al.
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Fig. 1 Some active components of MO leaves extract

2019). Nanomaterials have a long list of applicability in improving human life and its
environment. Noble nanoparticles have been synthesized for biotechnology, electronics
and environmental purposes (Alsohaimi et al. 2020) one of the methods used for synthesis of nanoparticles is green chemistry environment friendly represented in plants
because of its benefits as overcomes the disadvantage of chemical and physical method
which toxic chemicals, energy, pressure and temperature are no longer needed (Thomas
et al. 2020). Bioavailability is the amount and rate of drug absorption. The absorption
rate is desired to be fast or slow according to the treatment conditions which can be
achieved by altering the drug’s physicochemical properties and the dosage form characteristics. The nano-formulation has many advantages, especially in phytomedicine
including bioavailability improvement, decreasing toxicity, pharmacological activity
enhancement, etc. (Chung et al. 2018). So, the nano-phytomedicine has a high potential future for activity improvement and overcoming problems associated with herbal
drugs. Selenium (Se) confirmed that is very important for human dietary supply because
of vital part in some antioxidant enzymes which has a role in protecting against cellular
damage in tissues that at the long-term causes dangerous diseases (Korany et al. 2020;
Sakr et al. 2018). Selenium nanoparticles (Se-NPs) are one of selenium forms that are
considered a lower toxicity and better biocompatibility (Bai et al. 2017). Se-NPs have
a great vital prospect in medical studies, particularly therapy approaches, like antimalignancy against some types of cancers (Nie et al. 2016), synergism with other drugs
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Fig. 2 HPLC chromatogram of MO methanolic

Table 1 Phenolic profile in MO extract
Compound

Conc.
(mg/g
extract)

Gallic

0.126

p-Hydroxybenzoic

1.567

Catechin

0.732

Chlorogenic

0.045

Caffeic

0.551

Syringic

0.106

Ferulic

0.247

Sinapic

0.016

p-Coumaric

0.342

Rutin

4.402

Quercetin

0.018

Kaempferol

0.011

(Li et al. 2018), drug delivery (Xia et al. 2019) antiinflammation (Malhotra et al. 2016)
and immune-stimulation (Menon et al. 2018). We aimed in this study- to synthesis a
novel nano-complex to be used for the treatment of HCC depending on the synergistic effect of selenium and MO components using additional amount of vitamin C (MO/
asc.-Se-NPs).

Results and discussion
HPLC analysis of M. oleifera methanolic extract

HPLC-assay of flavonoids and phenolic compounds is presented in Fig. 2. The phenolic compounds identified in MO (Table 1) that showed the highest concentrations
were rutin: 4.402 mg/1 g methanol extract, p-hydroxybenzoic: 1.567 mg/1 g and
quercetin: 0.018 mg/1 g dry extract, while the lowest phenolic compounds concentration identified in MO were sinapic: 0.16 mg/1 g and kaempferol. 0.011 mg/1 g dry
extract.
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Synthesis and characterization of MO/asc.‑Se‑NPs

Selenium, Vit. C and MO are well-known potential antioxidants. Vit. C was used as a
reducing agent to form selenium particles from selenium ions and also it is used to stabilize the formed nanoparticles through the prevention of aggregation of selenium nanoparticles. Then the formed asc.-Se-NPs were functionalized using MO extract forming
MO/asc.-Se-NPs. MO/asc.-Se-NPs average size were determined using different techniques (TEM and DLS) (Essa et al. 2020; Fayez et al. 2020) (Fig. 3). TEM shows spherical
shape NPs with mean diameter 30 nm; while DLS shows 211.8 average hydrodynamic
diameter and its stability appeared by measuring zeta-potential giving 36.6 mV indicating the stability of the colloidal MO/asc.-Se NPs. This stability may be due to the presence of charged surface which creates electrostatic repulsion (Sakr et al. 2020).
Antioxidant capacity MO /asc.‑Se‑NPs

The one of main causes of DNA damage is free radicals that represent the first stage
of carcinoma (Johnson 2007). Natural products consist of many of antioxidant source
acting exogenously which stimulates function of the endogenous antioxidant system to
prevent free radicals formation inside the body as its main responsibility. Moringa oleifera leaves are rich in antioxidant compounds which represent in flavonoids and phenolic

Fig. 3 Core diameter, hydrodynamic diameter and zeta-potential of MO/asc.-Se NPs
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constituents as of gallic acid, quercetin and kaempferol (Leone et al. 2016) which
increased its value to overcome and prevent many diseases such as inflammation and
cancers (Fitriana et al. 2018).
a) DPPH assay

MO/asc.-Se-NPs showed the highest scavenging activity with I C50 of 3.79±0.87 μL/mL
followed by ascorbic acid with I C50 of 8.05±0.50 μL/mL, while the value of I C50 for both
selenium and moringa ext. >1000.
b) Superoxide dismutase (SOD)

Superoxide anion radical scavenging activity MO/asc.-Se-NPs exhibited potent scavenging activity for superoxide anion radical. The I C50 value of superoxide anion radical scavenging capacity for MO/asc.-Se-NPs, ascorbic acid, selenium, and moringa extract were
found to be 6.11±1.26, 12.25±1.03, > 1000 and > 1000 μL/mL, respectively
Radiolabeling of MO/asc.‑Se‑NPs

The optimization study for RCP of [99mTc]Tc-MO/asc.-Se-NPs was carried out by studying Sn(II), MO/asc.-Se-NPs, pH and the reaction time at room temperature. The higher
RCP (97.2%) was obtained by using 10 µg Sn (II), 1 mL MO/asc.-Se-NPs at pH 5 after
20 min. The amount of reducing agent (Sn (II)) is the most effective factor in the % RCP
determination study. Without the reducing agent, 99mTc in the form of 99mTcO4− unable
to chelate with any agent. At low amounts of Sn (II) the free 99mTc was high due to the
insufficient amount to reduce all pertechnetate in the solution; but at high amount R-H
99m
Tc (reduced-hydrolyzed technetium) become high due to the formation of colloid
impurities (Motaleb et al. 2018) (Fig. 4). As clearly noticed from Fig. 5 the high amount
of MO/asc.-Se-NPs has no significant effect at % RCP; while at amounts lower than the
optimum the % RCP was low due to insufficient amount to chelate with the all reduced
99m
Tc. At slightly acidic pH (pH 5) the higher RCP was obtained; but at lower or higher

Fig. 4 Effect of Sn(II) amount, µg (% RCP ± SD, n = 3)
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Fig. 5 Effect of substrate amount, Ml (% RCP ± SD, n = 3)

Fig. 6 Effect of pH (% RCP ± SD, n = 3)

this value % RCP was decreased (Fig. 6). The reaction of 99mTc with MO/asc.-Se-NPs was
fast and the optimum yield was obtained after 20 min only and when the reaction still
at room temperature, the % RCP still stable which indicates the stability of the formed
complex [99mTc]Tc-MO/asc.-Se-NPs (Fig. 7).
Pharmacokinetic study of [99mTc]Tc‑MO/asc.‑Se‑NPs complex

The biodistribution of nanoparticles in normal mice mainly depended on both the particles size and the functionalized surface (Augustine et al. 2020). The biodistribution
of [99mTc]Tc-MO/asc.-Se-NPs is clarified in Fig. 8. The high uptake in liver was clearly
appeared; while there is no specific uptake in the thyroid or stomach which indicates
the in vivo stability of [ 99mTc]Tc-MO/asc.-Se-NPs. The uptake ratio in liver started from
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Fig. 7 Effect of reaction time, min (% RCP ± SD, n = 3)

Fig. 8 Biodistribution study of [99mTc]Tc-MO/asc.-Se-NPs complex (% ID/g ± S.D, n = 3)

51.35 to 31.01% ID/g after 15 and 360-min post-injection, respectively. This high uptake
in liver may be due to the anti-HCC of MO/asc.-Se-NPs and its size. The ability of the
liver to gain high quantity from MO/asc.-Se-NPs platform can increase the power of this
platform to be preventive and treatment agent for HCC.

Biochemical study

HCC-induced rats (group 3) showed significantly (p < 0.05) higher levels of liver
enzyme ALT, AST and Alb where the results were 102 ± 3.06 U/L, 286 ± 8.58 U/L and
2.59 ± 0.07 mg/dl, respectively, compared with other groups while in preventive group
4 showed lower level of ALT, AST and Alb than group 3, 80 ± 2.40 U/L, 156 ± 4.68 U/L
and 3.23 ± 0.10 mg/dl, respectively, and in treatment group 5 with MO/asc.-Se-NPs
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observed more improvement in liver enzymes and albumin with results 69 ± 2.07 U/L,
138 ± 4.14 U/L and 3.46 ± 0.11 mg/dl, respectively (Table 2).
Table 2. Results of liver function analysis of the five experimental groups
Groups

ALT, U/L

1

38 ± 1.14

2
3
4

AST, U/L
96 ± 2.88

*(mean ± SD, n = 3, P < 0.05)

3.70 ± 0.11

71 ± 2.13

151 ± 4.53

3.46 ± 0.10

80 ± 2.40

156 ± 4.68

3.23 ± 0.10

102 ± 3.06

5

Alb, mg/dl

286 ± 8.58

69 ± 2.07

2.59 ± 0.07

138 ± 4.14

3.46 ± 0.11

Liver enzymes ALT, AST and Alb are considered as the biomarkers of hepatic cellular
damage which ALT found predominantly in liver which increases in its rate were evidence of liver injury (Fakurazi et al. 2008) while AST is a biomarker for diagnosis amino
acid metabolism and myocardial infarction (Ghosh et al. 2010). These enzymes are
present in mitochondria, cytoplasm and released in circulation after loss of functional
integrity of cell membrane and cellular leakage (Lahkar et al. 2012) and Alb is type of
protein that is formed in liver and functions in keeping the fluid in bloodstream and preventing leakage into other tissues and it carries different substances such as hormones,
enzymes and vitamins, and any disturbance in liver leads to decreased serum albumin
concentration in the blood, (Garcia-Martinez et al. 2013) Alb has binding functions,
such as ABiC and albumin metal ion binding capacity, were significantly lower in several liver diseases, including cirrhosis and liver failure (Domenicali et al. 2014) in our
study MO/asc.-Se-NPs was considered a novel nano-drug depended on natural products
containing many metabolites such as polyphenols, flavonoids and saponins which act as
antioxidant improvement in liver function test (Choudhari et al. 2020) that was shown in
preventive and treatment groups.
Antioxidants and lipid peroxidation

Table 3 shows the effect of treatment on the experimental groups that through it the
infected HCC group 3 noticed the highest significantly lipid peroxidation (as measured
by malondialdehyde “MDA”) in liver tissue homogenate compared to other groups with
rate 447.49, while preventive group 4 and treatment group 5 observed a significantly
decreased in MDA with levels 243.80 and 157.24, respectively. Many researches have
been proved that CCl4 induced the hepatotoxic which increased lipid peroxidation and
Table 3 Effect of MO/asc.-Se-NPs administration on liver homogenate MDA concentration
Serial

Code

MDA
concentration
(nmol/g tissue)

1

G1

126.99

2

G2

226.83

3

G3

447.49

4

G4

243.80

5

G5

157.24

*(mean ± SD, n = 3, P < 0.05)
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decreased antioxidants presence of some vital compounds rutin, gallic acid, coumaric
and quercetin in MO leaves which they have important role as antioxidant and reduced
oxidant stress due to scavenger for nitric oxide radicals and has a potential source of natural antioxidant; whereas (vitamin C) ascorbic acid have multi-biological benefits that
enhance the protection against endothelia dysfunction, carcinogenicity (Elbakry et al.
2019).

Inflammatory markers interleukin‑6 (IL‑6)

As presented in Table 4, increasing in interleukin-6 in HCC group 3 with 1030.3 compared with other experimental groups while in preventing group 4 and treatment groups
5 noticed a significantly decrease in the rate of IL-6 with 522.1 and 429.5, respectively.
IL-6 one of cytokines that are messenger molecules of the immune system, mediating
cellular movement among lymphocytes, macrophages, dendritic cells, and other inflammatory cells act as inflammatory biomarkers in chronic hepatitis which activate local
inflammatory, activated Kupffer cells and hepatocyte proliferation leading to cancerous
hepatocytes (Naugler and Karin 2008) in first stage of HCC development IL-6 induced
the growth of irregular hepatocytes leading to gathering damage of DNA and increased
β-catenin activation moreover consequently to carcinogenesis and progress the tumor
growth (Bergmann et al. 2017). Natural product which represented in MO leaves riches
with antioxidant that succeeded in lessen inflammatory effect and decreased the level
of IL-6 (Bhondave et al. 2014) it can be said to show profound influence on inflammatory‑associated diseases and resultant symptoms. On the basis of our study, it can be
postulated that MO/asc.-Se-NPs can exert its hepatoprotective effect and anti-inflammatory action against these cytokines.

Histopathological effect of Moringa oleifera on the hepatic structure of rats

Carbon tetrachloride is a strong hepatotoxic compound which is used widely in to
induce hepatocellular injury (Al-Sayed et al. 2019). CCL4 ROS (generates reactive
oxygen species) which may induce hepatic inflammation via Kupffer cells stimulation
which generate proinflammatory mediators such as interleukins and COX‐2, and several ROS. Furthermore, radicals that generate from CCL4 can initiate oxidative stress,
lipid peroxidation, DNA damage, necrosis of the liver (Lin et al. 2012). TAA was used
for induction of fibrosis, cirrhosis, and liver cancer. Its toxicity mechanisms may be
Table 4 Effect of MO/asc.-Se-NPs administration on liver homogenate IL-6
Serial

Codes

IL-6
concentration
(pg./mL)

1

G1

324.6

2

G2

429.5
1030.3

3

G3

4

G4

522.1

5

G5

460.8

*(mean ± SD, n = 3, P < 0.05)

Ebrahem et al. Cancer Nanotechnology

(2022) 13:14

Fig. 9 Photomicrograph of H&E-stained rat liver of control group (1) at 84th day showing normal tissue
architecture and cellular details (scale bar = 100 µm)

Fig. 10 Photomicrograph of H&E-stained rat liver of group (2) at 84th day showing mild perivascular
infiltration with Von Kupffer cells and fibroblast (arrowhead) (scale bar = 100 µm)

due to its oxidant properties (Kornek et al. 2006). The microscopic examination of the
tested groups of liver tissue samples is shown in Figs. 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23.
• Group 1 (normal control group) displayed normal liver tissue architecture, cellular
details, intact subcapsular tissue, hepatocytes with intact hepatic vasculatures and
portal areas with intact hepatic sinusoids (Fig. 9).
• Group 2 (MO/asc.-Se-NPs supplement) Showed some reversible mild degenerative
changes in some rats as mild perivascular leucocytic cellular infiltration with Von
Kupffer cells and fibroblast cells with diffuse hydropic degeneration of hepatocytes
(Fig. 10). Some other rats showed apparent intact morphological features resembling
normal control samples without abnormal pathological changes. Few rats revealed
diffuse hydropic degeneration of hepatocytes (Fig. 11).
• Group 3 (hepatic carcinoma induction group without any treatment) showed severe
liver lesions in all experimental rats ranged from inflammation, fibrosis till carcinomas induction. Severe congestion of hepatic blood vessels with focal areas of dilated
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Fig. 11 Photomicrograph of H&E-stained rat liver of group (2) at 84th day showing diffuse hydropic
degeneration of hepatocytes (arrowhead) (scale bar = 100 µm)

Fig. 12 Photomicrograph of H&E-stained rat liver of group (3) at 84th day showing severe congestion of
hepatic blood vessels (arrowhead) with focal area of dilated sinusoids (scale bar = 100 µm)

Fig. 13 Photomicrograph of H&E-stained rat liver of group (3) at 84th day showing severe periductal fibrosis
(arrowhead) with diffuse infiltration of von Kupffer cells (arrows) (scale bar = 100 µm)

sinusoids were clear in all examined livers (Fig. 12). Diffuse loss of both tissue architecture, cells boundaries and details were detected in most liver samples. Some rats’
livers exhibited severe periductal fibrosis with diffuse infiltration of von Kupffer cells
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Fig. 14 Photomicrograph of H&E-stained rat liver of group (3) at 84th day showing focal areas of
hyperchromatic divided nuclei with loss of cellular details and tissue architecture (arrows), severe congestion
of hepatic blood vessel (arrowhead) and periductal fibrosis (scale bar = 100 µm)

Fig. 15 Photomicrograph of H&E-stained rat liver of group (3) at 84th day showing severe diffuse
hemorrhage with diffuse hyperchromatic divided nuclei with loss of cellular details and tissue architecture
(scale bar = 100 µm)

Fig. 16 Photomicrograph of H&E-stained rat liver of group (3) at 84th day showing focal area of divided
hepatocytes(arrowhead)with periductal fibrosis and edema(arrow) (scale bar = 100 µm)
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Fig. 17 Photomicrograph of H&E-stained rat liver of group (3) at 84th day showing severe perivascular
fibrosis (arrowhead) with hepatocellular carcinoma (HCC) grade II represented in loss of hepatic tissue
architecture with cellular and nuclear pleomorphism and missed polarity (scale bar = 100 µm)

Fig. 18 Photomicrograph of H&E-stained rat liver of group (3) at 84th day showing diffuse divided
hepatocytes (arrow)with hyperchromatic nuclei (scale bar = 100 µm)

Fig. 19 Photomicrograph of H&E-stained rat liver of group (4) at 84th day showing mild perivascular
infiltration with fibroblast cells (arrowhead) with congestion(arrow) (scale bar = 100 µm)

(Fig. 13) with or without focal areas of hyperchromatic divided nuclei with loss of
cellular details and tissue architecture (Fig. 14). Few rats’ livers showed severe diffuse hemorrhage, diffuse hyperchromatic divided nuclei with loss of cellular details
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Fig. 20 Photomicrograph of H&E-stained rat liver of group (4) at 84th day showing subcapsular atrophy of
hepatocytes with (scale bar = 100 µm)

Fig. 21 Photomicrograph of H&E-stained rat liver of group (4) at 84th day showing focal areas of
lymphocytes cellular infiltration (arrowhead) with sporadic areas of hyperchromatic divided nuclei (arrows)
(scale bar = 100 µm)

Fig. 22 Photomicrograph of H&E-stained rat liver of group (5) at 112th day showing restricted small areas of
hyperchromatic divided nuclei (arrows) within normal hepatic parenchyma (scale bar = 100 µm)
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Fig. 23 Photomicrograph of H&E-stained rat liver of group (5) at 112th day showing sporadic areas of
hyperchromatic divided nuclei (arrowhead) with loss of tissue architecture and cellular details in addition to
fibrosis and cellular infiltration (arrow) (scale bar = 100 µm)

and tissue architecture perivascular fibrosis with hepatocellular carcinoma (HCC)
grade II represented in loss of hepatic tissue architecture with cellular and nuclear
pleomorphism and missed polarity (Fig. 15). Focal areas of divided hyperchromatic
hepatocytes with periductal fibrosis and edema were observed (Fig. 16). Some cases
exhibited severe perivascular fibrosis (arrowhead) with hepatocellular carcinoma
(HCC) grade II represented in loss of hepatic tissue architecture with cellular and
nuclear pleomorphism and missed polarity (Fig. 17). Severe diffuse divided hyperchromatic nuclei of hepatocytes were very clear in some cases (Fig. 18).
• Group 4 (prevention group) Mild-to-moderate lesions were noticed while few cases
showed early carcinomas development. Some rats’ livers showed mild perivascular
infiltration with fibroblast cells with congestion of hepatic blood vessels (Fig. 19).
Subcapsular atrophy of hepatocytes was also observed in some other cases (Fig. 20).
Few rats’ livers exhibited focal areas of lymphocytes cells infiltration with sporadic
areas of hyperchromatic divided nuclei of hepatocytes (Fig. 21). The mechanism of
the hepatoprotective activity was shown to be related to the scavenging free radicals
because phenolic compounds exhibited strong antioxidant activity (Al‐Sayed et al.
2019; Shimoda et al. 2008)
• Group 5 (MO/asc.-Se-NPs drug treatment) Few rats’ livers showed sporadic
restricted areas of hyperchromatic divided nuclei (Fig. 22) with almost maintained
tissue architecture and cellular details in addition to fibrosis and cellular infiltration
and other rats showed tissue improvements and diminished lesions through showed
only few reversible degenerative changes as diffuse hydropic degeneration of hepatocytes in the hepatic parenchyma. Other few cases showed restricted small areas of
hyperchromatic divided nuclei with loss of tissue architecture and cellular details in
addition to fibrosis and cellular infiltration (Fig. 23).

The hepatoprotective effect of the newly synthesized nanoplatform may be due to its
power to guard the liver against the induced pathological changes. Generally, the control
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group displayed normal liver tissue compared with other groups while in (MO /asc.-SeNPs drug supplement) Group 2 noticed mild perivascular infiltration with Von Kupffer
cells and fibroblast with diffuse hydropic degeneration of hepatocytes compared with
the normal group, but severe liver lesions in all experimental rats in group 3 (Hepatic
carcinoma induction group) ranged from inflammation, fibrosis till carcinomas induction compared with normal and drug supplement groups, while in the prevention group
displayed mild-to-moderate lesions and few cases showed early carcinomas development in comparison with group 3 and finally, in group 5 MO/asc.-Se-NPs drug treatment noticed tissue improvements and diminished lesions through showed only a few
reversible degenerative changes as diffuse hydropic degeneration of hepatocytes in the
hepatic parenchyma. Overall, our study focused on hepatocellular carcinoma induced
with carbon tetrachloride (CCl4) and thioacetamide (TAA) which both caused stimulation of hepatic tissue damage through elevation of oxidative stress and reactive oxygen species (ROS) may excite the concentration of oxidative cell which the equilibrium
between antioxidant capability and ROS was jumbled forming DNA damage and leading
to oxidative stress in hepatocytes, through the accumulated fat droplets in cytoplasm
and pushing the nucleus to periphery of hepatocytes the inflammation began to appear
which consists of (neutrophils, eosinophils, lymphocytes and Kupffer cells) followed by
fibrosis and cirrhosis are progressively became series main pathological features and
presence of atypical hepatocytes with hemorrhaging and ischemic necrosis in tumor
with losing of lobular architecture squeezing the surrounding parenchyma and development of HCC which increase through the experiment in group 3 after 8 weeks through
histological examination While in group 4 which take the drug 3 h before CCL4 induction showed less infection than group 3 but after 4 weeks of treatment with MO /asc.Se-NPs platform drug group 5 observed more improvement by showing restricted small
areas of hyperchromatic divided nuclei within normal hepatic parenchyma.

Methods
All chemicals and reagents were purchased from Merck co. (Kenilworth, New Jersey,
USA). Kits used for biochemical analysis in liver purchased from well-known brands
manufactured in USA. Rat IL-6 (Interleukin 6) ELISA Kit, Catalog No: E-EL-R0015
(Elabscience Biotechnology, United states). Malonaldehyde (MDA) colorimetric assay
kit, catalog No: E-BC-K025-S (Elabscience Biotechnology, United states). HR-TEM
(Ted Pella, Redding, CA, USA), DLS (BIC, USA and PCS), Zetasizer (Beckman Coulter, Miami, FL, USA) were used for characterization of MO/asc.-Se NP. Technetium-99m
was obtained from RPF, EAEA, Egypt. NaI (Tl) γ-counter (SPECTECH, ST450 SCA,
USA) for radioactivity measuring. All data were expressed as mean ± SD. The groups
were compared using one-way ANOVA, where P < 0.05 was considered significant.
Preparation of Moringa oleifera leaves methanol extract

Fresh Moringa oleifera leaves were cordially obtained from the Egyptian Scientific
Society of Moringa (ESSM). The plant was identified and authenticated by botanists
in National Research Centre, Egypt. MO leaves were washed several times with distilled water to remove needless material then dried in a shadow for one month. Then it
grounded by a mortar/pestle to produce a fine powder. 500 gm from the dark greenish
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powder separated and mixed with 4L MeOH (HPLC grade). The mixture was sonicated
for 1 h then left to macerate at room temperature in the dark for 3 days. The mixture was
filtered for removing insoluble materials then the solvent was evaporated under vacuum
at 50 °C yielding 77 g of dark greenish residue. All these steps were repeated twice for
removal any remaining residue.
HPLC analysis of Moringa oleifera leaves methanol extract

HPLC analysis was carried out using Agilent Technologies 1100 series liquid chromatograph equipped with an auto sampler and a diode-array detector. The analytical column
was an Eclipse XDB-C18 (150 X 4.6 µm; 5 µm) with a C18 guard column (Phenomenex,
Torrance, CA). The mobile phase consisted of acetonitrile (solvent A) and 2% acetic acid
in water (v/v) (solvent B). The flow rate was kept at 0.8 ml/min for a total run time of
70 min and the gradient program was as follows: 100% B to 85% B in 30 min, 85% B to
50% B in 20 min, 50% B to 0% B in 5 min and 0% B to 100% B in 5 min. The injection volume was 50 µl and peaks were monitored simultaneously at 280 and 320 nm for the benzoic acid and cinnamic acid derivatives, respectively. All samples were filtered through
a 0.45-µm Acrodisc syringe filter (Gelman Laboratory, MI) before injection. Peaks were
identified by congruent retention times and UV spectra and compared with those of the
standards (Kim et al. 2006).
Synthesis and characterization of MO/asc.‑Se‑NPs

Firstly; a solution of 22.70 mM ascorbic acid was added to 5.00 mM sodium selenite in
a ratio of 1:1, then mixed and left at room temperature for 30 min forming asc.-Se-NPs.
Secondly; asc.-Se-NPs was added to MO extract with a concentration of 3.25 mg/mL in a
ration 1:1 forming MO/asc.-Se-NPs just after 15 min. MO/asc.-Se-NPs platform was well
characterized using HR-TEM for shape detection and core diameter determination, DLS
for determination of hydrodynamic diameter and zeta-sizer for determination the zetapotential of the formed nanoplatform.
Antioxidant capacity determination of MO /asc.‑Se‑NPs

Sodium selenite, ascorbic acid and Moringa extract were prepared in concentrations
of 5, 22.7 and 2 mg/mL, respectively. MO/asc.-Se-NPs was prepared by mixing 1.5 mL
from each solution forming final volume of 4.5 mL. The tested samples are: 4.5 mL from
MO/asc.-Se-NPs and 1.5 mL from sodium selenite, ascorbic acid and Moringa extract
each of them completed to final volume of 4.5 mL.
a) DPPH assay

Free radicals scavenging activity was determined thorough 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) assay (Boly et al. 2016) to compare between selenium, Moringa oleifera methanol extract, ascorbic acid and MO/asc.-Se-NPs according to its effective on
antioxidant capacity, First 100μL of freshly prepared DPPH reagent (0.1% in methanol)
then add 100 μL of sample in wells plate, after incubation in dark place at room temperature for 30 min. the density of the reaction color was measured at 540 nm using
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microplate reader FluoStar Omega and the result was represented by the following
equation:

%RSA =

A0 − A1
× 100,
A0

where RSA is the radical scavenging activity, A0 is the absorbance of control and A1 is
the absorbance of test.
b) Superoxide dismutase (SOD)

Superoxide anion radical scavenging activity assay was based on the reduction of nitro
blue tetrazolium (NBT) in the presence of NADH and phenazonium methosulphate
(PMS) under aerobic condition (Nishikimi et al. 1972; Verma et al. 2009).
Radiosynthesis of [99mTc]Tc‑MO/asc.‑Se‑NPs

[99mTc]Tc-MO /asc.-Se-NPs was synthesized by optimizing many factors MO/asc.-SeNPs, SnCl2. 2H2O, pH and time to give the best RCP (radio chemical purity). The reaction was monitored via paper chromatography technique and % RCP was determined
using mixture (ammonia:ethanol:water 1:2:5) and acetone as mobile phases for colloid
and free pertechnetate determination, respectively (Motaleb ad Sakr 2011; Sakr et al.
2013).
Pharmacokinetic study [99mTc]Tc‑MO/asc.‑Se‑NPs

Ain Shams university Ethical Committee number (213/16–02-2022) approved the biodistribution studies following the European Community guidelines associated with
Directive 2010/63/EU (Abdulwahab et al. 2020). Swiss Albino mice aged three months
weight 20–25 g were divided into 6 groups (n = 3). [99mTc]Tc-MO/asc.-Se-NPs was
injected intravenously, then the mice were anaesthetized using chloroform then weighed
and dissected at different times (15, 30, 60, 120, 180 and 360 min) post-injection. Blood,
bones and muscles were freshly collected and weighed then assumed to its ratio in the
body (7%, 10%, and 40%, respectively) (Motaleb et al. 2017; Swidan et al. 2015, 2014). All
the other organs of interest were also collected and counted by using a gamma counter
for determination of radioactivity. % Injected dose/gram (%ID/g) was used calculated for
each.
In vivo application of MO/asc.‑Se‑NPs
Induction of liver hepatocellular carcinoma

The hepatocellular carcinoma was induced in rats by intra-peritoneal injection of CCl4
diluted with corn oil in ratio (1:1) with dose (1 mL/1 kg) weekly for 12 weeks, where at
the same time they received (0.3 gm/L) of thioacetic acid (TAA) in drinking water every
day (Heindryckx et al. 2009).
Experiment protocol

In this study, 50 (6-week-old) male Wister Albino rats were used. Rats were taken as a
gift from the animal house of Egyptian Atomic Energy Authority. The rats weighed about
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200 ± 10 g. Rats were housed in suitable cages and kept under stable environmental conditions with 25 ℃ temperature and equal dark/light cycle and they supplied regularly by
food and water. The animals were kept for 2 weeks under these conditions before beginning in the experimental protocol. Rats were divided into 5 groups (10 rats for each) and
the following protocol was applied.
Weeks

1,2,3,4,5,
6,7,8,9,10, 11,
and 12

Groups
Control normal
group (1) (rats
received no
drugs)

MO/asc.-Se-NPs
supplement
group (2)
(rats received
weekly dose
of MO/asc.-SeNPs)

HCC induction
group (3)
(cancer
induction
group without
treatment)

Prevention
group (4)
(rats received
weekly dose of
MO/asc.-Se NPs
in parallel with
the induction
protocol of
HCC induction
group)

Treatment group
(5) (treatment
course after HCC
induction)

Rats received no
drugs, served
as control nontreated

* IP injection
of MO/asc.-Se
NPs(1 mL/kg)
(once a week)

* IP injection of
CCl4 soln. (1 mL/
kg) (once a
week)
* TAA (0.3 gm/L)
in drinking
water daily

* IP injection
of MO/asc.-SeNPs(1 mL/kg)
* After 3 h. IP
injection of C
 Cl4
soln. (1 mL/kg)
(once a week)
* TAA (0.3 gm/L)
in drinking water
daily

* IP injection of
CCl4 soln. (1 mL/
kg) (once a week)
* TAA (0.3 gm/L)
in drinking water
daily

*Samples collection
*Biochemical and histopathological studies
13,14,15, and 16

* IP injection of
MO/asc.-Se-NPs
(1 mL/kg) (once a
week)
* Samples collection
* Biochemical and
histopathological
stud

*This protocol was selected according to previously used protocols (Aljuhr et al. 2021; Uehara et al.
2014b) with some modifications. The duration was selected according to weekly biomedical analysis and
comparison with control

Sampling

Exactly after 12 weeks from the application of experimental protocol on murines, all
groups were killed except group 5 which was killed after 4 more weeks. Blood samples
were collected in plain tube for serum liver function tests alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and albumin (Alb), a lobe of liver collected
in 10% formalin for histological investigation, anther lobe rinsed in phosphate‑buffered
saline, and weighed, after which it was homogenized and centrifuged at 15,000 rpm for
10 min at 4 °C and stored at − 80 °C for analysis.
Evaluation of serum biochemical parameters

The serum was obtained by centrifuging the blood samples at 4000 rpm for 10 min
to obtain serum. The serum levels of the liver injury biomarkers (AST, ALT, and
Alb) were measured using Human kit (Germany) by Systronics Spectrophotometer
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following the manufacturer’s instructions. The reaction of AST based on combination
of α‑oxoglutarate with L‑aspartate forming oxaloacetate and L‑glutamate which reaction further with NADH to form L‑malate and NAD + . The activity of ALT kinetically
predestined the mechanism based on α‑oxoglutarate and L‑alanine reaction catalyzed
by ALT to form L‑glutamate and pyruvate. albumin has been greatly simplified by the
introduction of dye binding method albumin at pH 4.2 is sufficiently cationic to bind the
anionic dye bromocresol green (BCG) to form a blue-green colored complex.
Liver homogenate preparation

Fresh tissue of liver was washed with PBS (0.01 M, pH 7.4) to remove blood cells and
weight then homogenized at the ratio of the volume of homogenized medium to the
weighted tissue homogenate 9 mL:1 g. the homogenate was centrifuged for 10 min at
10,000g at 4 °C. The supernatant was taken in ice for detection.
Analysis of inflammatory cytokines in the liver

400 mL of liver homogenate was inserted with 400 mL 0.2% phosphoric acid then discrete into two glass tubes equally. The levels of inflammatory interleukin 6 (IL‑6) in the
liver homogenates using Rat IL-6 ELISA Kit. Micro ELISA plate pre-coated with an antibody specific to Rat IL-6. Homogenate sample was added to wells (100uL for each well)
for 90 min at 37℃. Aspirate and wash 5 times washed with Dilute 30 mL of concentrated wash buffer with 720 mL of deionized to prepare 750 mL. Then 350 µL was added
to each well. Soak for 1 ~ 2 min and decant the solution from each well and pat it dry
against clean absorbent paper. This wash step was repeated 3 times, and add 100 μL of
HRP conjugate (a biotinylated detection antibody specific for Rat IL-6 and avidin-horseradish peroxidase (HRP)) and incubated for 30 min at 37℃. Then wash for wash buffer
for 5 times, after that 90 μL substrate reagent was added. The color appeared blue then
incubated for 15 min at 37℃. Stop solution 50 μL was added which turned the color into
yellow which immediately the optical density (OD) is measured spectrophotometrically
at a wavelength of 450 nm ± 2 nm. The OD value is proportional to the concentration of
Rat IL-6. The concentration of Rat IL-6 in the samples was calculated by comparing the
OD of the samples to the standard curve.
Evaluation of liver lipid peroxidation and antioxidant biomarkers (MDA assay)

Thiobarbituric acid assay Kit (TBARS) was used to appreciate reactive oxygen species
(ROS) by measuring the end product of lipid peroxidation, malondialdehyde (MDA)
(Halliwell and Chirico 1993).
Malondialdehyde (MDA) Colorimetric Assay Kit, catalog No: E-BC-K025-S, (Elabscience Biotechnology, United states) was used as the following steps:
(a) Preparing four tubes (blank, standard, sample, and control) as following:
Blank tube: X mL of absolute ethanol into the 10 mL glass test tubes.
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Standard tube: X mL of 10 nmol/mL Standard into the 10 mL glass test tubes.
Sample tube: X mL of tested sample (10% rat liver tissue homogenate) into numbered 10 mL glass test tubes.
Control tube: X mL of tested sample into numbered 10 mL glass test tubes.
(b) Add X mL of reagent 1 into each tube of Step (a).
(c) Add 3 mL of reagent 2 application solution into each tube of Step (b).
(d) Add 1 mL of reagent 3 application solution into blank tube, standard tube, sample
tube, add 1 mL of 50% glacial acetic acid (≥ 99.5%) into control tube.
(e) Mix fully and fasten the mouth of the tube with plastic film, prick a small hole with
a needle. Then incubate the tubes at 95–100℃ for 40 min.
(f ) Cool the tubes to room temperature with running water, centrifuge the tubes at
3100 g for 10 min.
(g) Take 3 mL the supernatant of each tube. Set the spectrophotometer to zero with
double distilled water and measure the OD value at 532 nm with 1 cm optical path
cuvette.

MDAcontent(nmol/mgprot) =

�A1
× c × f ÷ Cpr
�A2

 DControl, ΔA2: ODStandard – ODBlank, c: The concentration of
Note: ΔA1: ODSample – O
standard, 10 nmol/mL, f: dilution factor of sample before tested, and Cpr: concentration of protein in sample, mgprot/mL.

Histopathological examination

Pathological changes in livers samples were demonstrated through paraffin technique
at which livers samples were fixed with 10% neutral formaldehyde buffer, dehydrated
by degraded concentrations of alcohol, cleared in xylol then embedded in paraffin wax
and cut into 4-μm-thick sections and finally applied hematoxylin–eosin (HE) staining for histopathological examination (Suvarna et al. 2018) using a light microscope
using 400× magnification power. The tissue sections were subjected to blinded microscopic examination, and the abnormal tissue alteration records were scored according
to previously reported studies (Al‐Sayed et al. 2019; El-Nabarawy et al. 2020).

Conclusion
MO possesses many components with excellent health benefits including antioxidant and anticancer properties. Keeping in view the anticancer properties of MO, we
hypothesized it may be a more effective treatment for HCC in the form of nanoparticles. To achieve the maximum benefits from MO extract, we used the synergistic
effect of selenium and MO components in a nanoplatform. We focused our study on
revealing and proving the hepatoprotective, antioxidant and anti-inflammatory face
of Se-NPs. The pharmacokinetic study of MO/asc.-Se-NPs was performed via radiolabeling with 99mTc. The presented study has succeeded in developing a novel platform
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of selenium nanoparticles capped with MO leaves extract in an acceptable nano-size
range. The results in this study suggested that MO/asc.-Se-NPs show a valuable protective and treatment tool for use as a therapy for the treatment of HCC.
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