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1. Introduction

According to the International Agency for Research on Cancer's (IARC) most recent study, cancer
causes elevated to 8.8 million per year, with the rate expected to rise to 13.2 million by 2030 [1].
Traditional medicine based on bioactive natural compounds has been used for ages in many cultures
worldwide [2]. Naturally occurring phytochemicals have gotten a substantial puss because of their wide
spectrum of therapeutic actions. These bioactive natural chemicals are found in a variety of edible plants
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and have good medicinal efficacy. They are integrated into the plants' system to defend them against
viruses, parasites, and other diseases. In recent years the bioactivity of curcumin, genistein, berberine,
resveratrol, quercetin, and boswellic acid has been investigated extensively. Depending on their
chemical structure, dietary phytochemical products are classified into alkaloids, polyphenols, and
nitrogen compounds [3]. Polyphenols include numerous bioactive compounds such as phenolic acids,
flavonoids, stilbenes, coumarins, and lignans. Stilbenes, particularly trans-resveratrol, have got the
attention as a result of their wide distribution in plants and extensive bioactivity. Resveratrol (RES) was
found in a variety of vegetation, including peanuts, blueberries, legumes, rhubarb, grapes, eucalyptus,
and other grasses. Anti-inflammatory, antioxidant, and hepatoprotective properties activities were
associated with RES [4-6]. Besides that, other pharmacological features were correlated like
cardioprotection, disaggregation of the platelet, and vaso-relaxant properties. It also suppresses the virus
of human immunodeficiency and herpes simplex [7]. Its anti-angiogenic property was also suggested,
and it was recommended to be used in cancer prevention [8, 9]. This compound character as an anti-
cancer factor against a variety of malignancies was described as early as the nineteenth by Jang et al
[10].

Soleas et al. compared the anti-carcinogenic properties of four polyphenols. Catechin, quercetin, gallic
acid, and trans-resveratrol were administrated topically over skin tumor lesions twice a week for 18
weeks. The mice previously have a potent carcinogen topically in the same skin area. Results indicated
that trans-resveratrol was the second to inhibit tumor formation and first to be absorbed by mice skin
[11, 12]. The Resveratrol anticancer effect displayed a dual capability; it protects normal cells from
impairment and suppresses malignant cell proliferation. It proved to play a crucial role in tumor cell
apoptotic signaling via direct stimulating of caspases cascade and inhibiting anti-apoptotic pathways.
All that due to the increment of p21 level and hence p53 activity. Because of this kinship, p53 may
definitively stop cell proliferation [13, 14]. Furthermore, RES anticancer efficacy has been observed to
be improved when administered in conjunction with other chemotherapy medicines [15, 16]. Studies
that shown RES anti-proliferative properties in animal models was faced by limitation of its low water
solubility, chemical instability, as well as inadequate absorption across biological membranes to allow
its use for human. Whoever, its quick metabolization hinders the research in its anticancer potency, its
effectiveness in cancer prevention and treatment [17]. To circumvent these constraints, new nano-
formulations can be developed to approach it is potentials. Resveratrol nanoparticle-based formulations
have been developed to increase its absorption, and to deliver the right quantity of it to the tumor tissue.
Polymeric nanoparticles, liposomes, and other nano-formulations for RES delivery are among the new
nano-formulations. These systems improve the solubility, stability, and permeability of water across
biological membranes, as well as the increased permeation and retention effect (EPR) at tumor locations
[18]. Thus, the present study was designed to evaluate the anti-oxidative stress activity of pure RES and
formulated RES-loaded poloxamer 407. In addition, the animal model was employed to elucidate the
toxicity issue against the liver and kidneys of mice.
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Figure 1: Chemical structure and rich sources of RES [4-6].

2. Material and Methods

2.1. Chemicals and Reagents

Ethanol (Chem-lab,Belgium), Resveratol (RES; 99% purity), Poloxamer 407 (P407), ascorbic acid
(Vitamin C) and 1-diphenyl-2-picrylhydrazyl (DPPH), All of these ingredient purchased from Sigma
Chemical Co. USA, standard fish DNA (BDH, England).

2.2. Fabrication of RES-Poloxamer 407 Nanoparticles

RES-Poloxamer 407 was prepared by participation method as previously reported by Sulaiman et al [19]. With
minor modifications, briefly, RES (100 mg) was dissolved in 5 mL of ethanol. The resulting solution was added
dropwise onto 40 mL of Poloxamer-407 solution (500 mg with 100 mL of deionized distilled water).

After that, the mixture was maintained under continuous stirring at 100 rpm for 24 h to evaporate the ethanol.
The resultant RES-loaded poloxamer 407 was subjected to homogenization by vortex, sonication for 12 min and
water bath 40°C. After that, the system was left for equilibrium for 24 h, 25°C as seen in figure (2).

RES+Ethanol
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Figure 2: Preparation of RES-loaded poloxamer 407 nanoparticles. P407: poloxamer407, RES: resveratrol.
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2.3. Antioxidant Activity

DPPH (1, 1-diphenyl-2picrylhydrazyl) radical scavenging activity of pure-RES and RES-loaded poloxamer 407
was valuated as followed according to Hao, et al [20]. With some maodification, typically, absolute ethanol
500uL was add to different tubes and mixed with 0.5mL different concentrations of pure RES and RES-loaded
poloxamer 407. (20, 40 and 80 pg mL™) and then 500pL of (DPPH) (60uM) was added into all tubes and
brooded about 30 min at room temperature. The negative control was DPPH with ethanol only and the positive
control was 5 pg mL™ of vitamin C. After that the absorbance of all samples was tested at 517 nm utilizing UV-
VIS spectrophotometry (Metertech, Germany). The percent of DPPH scavenging efficacy was measured utilizing
the next equation:

Anti — oxidant capacity (%) = % x 100 ...........(1)

Ac represents the peak intensity of DPPH and as is the peak of pure RES or RES-loaded poloxamer 407 sample
solvent.

2.4. DNA Damage Assay

Quantification of antioxidant capacity was determined spectrophotometrically by using DNA damage assay. In
this assay, the absorbance ratio of DNA sample about (A260/A280) which were treated with varied guantities
(20, 40, and 80 g mL™), equal volumes of pure RES and RES-loaded poloxamer 407 and standard DNA solution
were mixed with a mixture of 1x10° M (H,0,) hydrogen peroxide solution and incubated for around 10 minutes
at 37°C temperature, after this period the effect was determined by evaluated the wavelength of the solution at
260 nm utilizing Ultraviolet-Visible spectrophotometer and in the current study 5 mg mL™ of Vitamin C
Ascorbic acid was used as positive control [21].

2.5. Human Blood Collecting

Human blood samples were freshly collected from five healthy volunteers and divided into tubes containing the
anticoagulant agent (heparin), according to the National Institute of Health and Food and Drug Administration
and Helsinki's declaration and regulation as a statement of ethical principles.

2.5.1. Blood Compatibility Assay

Hemolytic toxicity of pure-RES and RES-loaded poloxamer 407 was carried out according to Sulaiman, et al
[22]. With some modification, briefly, 200 pL of the separated blood was diluted with 1600 pL normal saline.
Along with the controls, 200 pL of varying concentrations of pure RES and RES-loaded poloxamer 407 (20, 40,
and 80 ugmL™) were added to this diluted blood. As a positive control (100 percent lysis), pure water was used,
while normal saline was used as a negative control (0 percent lysis). The samples were then centrifuged for 5
minutes at 100 rpm after being incubated at 37 © C for 1 hr in a water bath. A UV-Vis spectrophotometer was
used to measure the absorbance at 540 nm, and the percentage of hemolysis was calculated using the method
below.

Abs — Abc (—ve)
Abc (+ve) — Ab (—ve)

Hemolysis % = ( ) x 100 ............(2)

Abs is absorbance of standard and Abc is absorbance of control.

After that, one drop of blood from each sample was used to produce a smear on the slide, which was then
allowed to dry at room temperature. Slides were stained for 10 minutes with 5 drops of Leishman stain and then
rinsed with distilled water. The cells examined under a light microscope at magnification of 40 (H.P.F). Other
slides were examined under fluorescent microscope.

2.6. Histopathological Changes

Swiss albino male mice weighing 22 - 25 g and aged 4 to 5 weeks were used. Mice were kindly provided by Iraqgi
Center for Cancer and Medical Genetic Researches, University of Al-Mustansiriyah, Baghdad, Irag. The mice
were housed in a 12:12 hr light/dark cycle with a constant supply of water and food at a temperature of 24 ° C.
and a humidity of 55%. All procedures were approved by the Animal Care and Ethics Committee at
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Biotechnology Division, Applied Sciences Department, University of Technology, Baghdad, Iraq.

Nine mice were randomly assigned to one of three groups (three animals per group): Group | got no treatment
and were given normal saline as an untreated control, Group 1l got a low dosage (20 mg Kg-') of RES-loaded
poloxamer 407, and Group 11 got a high dosage (80 mg Kg-') of RES-loaded poloxamer 407. Mice were injected
intraperitonealy (IP) with 100 pL of RES-loaded poloxamer 407 solution containing 20 and 80 mg Kg™ for three
days a week (the final volume was varied according to the animal weight). Normal saline (0.1 mL mouse-*, As a
negative control) was injected three times a week into the control group [23].

During the experiment, animals' weight and behavior were meticulously documented. After 7 and 14 days of
therapy, mice from each group were sacrificed. The liver and kidneys from the animals were then taken. In both
non-treated and treated mice, the organs were washed in PBS and fixed in 10% formalin before being embedded
in paraffin for histological assessment. A microtome was used to create slices, which were then stained with
hematoxylin and eosin (H&E). The sections were processed and stained in accordance with a standard approach
employed in histopathology laboratories [24].

2.7. Statistical Analysis

The submitted data was analyzed using the SPSS statistical software (Version/18.0; SPSS Inc., Chicago, IL).
(ANOVA) was performed for analysis of variance to see whether there are any statistically significant differences
between the means of the studies. A statistically significant p-value of 0.05 was considered.

3. Results and Discussion

3.1. Fabrication of RES-Loaded Poloxamer 407 Nanoparticles

Figure (3) represents the preparation of RES-loaded poloxamer 407. As seen in the figure, RES-loaded
poloxamer 407were first formulated using dilution and increase the solubility in water through nano participation
method .In these technique, an organic solution of the P407 polymer is emulsify in an aqueous solution with a
surfactant. Then, removing the organic solvent by stirring and this process permits formation of nanoparticles.
the poloxamer give good stability and homogenized for long time as see in figure (4).When trying to dissolve
pure RES in water, we noticed that it is very difficult to dissolve, as the solution appears foggy, with the
presence of clear insoluble particles in the solution. But after applying the precipitation technique and converting
pure RES to RES-loaded poloxamer 407 by changing the color of the mixture to gray, we found that the
developed RES became homogeneous and completely soluble. The increased water solubility of modified RES
may be due to their higher surface area, which favors dissolution. The solubility of a medicine is frequently
inherently connected to the particle size of the medication; as a particle grows smaller, the surface area to volume
ratio increases. The increased surface area allows for better contact with the solvent, resulting in increased
solubility [25]. Previous studies have discovered a hyperbolic relationship between particle size and surface
specific dissolving rate adjusted for solubility. Similar outcomes have been seen when the particle size of active
substances is reduced to nanoparticle size, resulting in improved solubility and bioavailability [26].

Figure 3: Stages of the chemical reaction for P407 loaded with RES, the color change is detected with reaction
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progrition. A: RES, B: P407, C: RES-loaded P407.

After S min. After 24 hr.
Figure 4: The high stability of the RES-loaded poloxamer 407 after 24 hr of preparation. [(C) RES-loaded
poloxamer 407.

3.2. Antioxidant Capacity of (DPPH Radical Scavenging Assay)

The radical scavenging mechanism with DPPH (1,1-diphenyl-2-picrylhydrazyl) is based on electron transfer to
the compound and generates a rich purple hue in ethanol solution [27]. These free radicals, which are stable at
25°C, turn colorless to light yellow when they combine with an antioxidant molecule as a hydrogen donor. The
reduction level in the reaction is proportional to the absorbance quantity of the antioxidants capability. Figure (5)
describes the antioxidant activity of natural RES and RES-loaded poloxamer 407 using three different
concentrations. The results revealed that the RES in nano-structure had a greater scavenging capacity than the
normal RES, and depended on the concentration used. The results demonstrate that RES in its natural structure
reduces the level of free radicals of DPPH at 80 ug mL™ by 61.67% and it was superior to other concentrations
used. While the RES in its nano-structure achieved 80.1% at the same concentration. The positive control
generated 93.22% of antioxidant activity for DPPH inhibition. This higher activity of RES nano-structure in
scavenging the radicals of DPPH than that of the normal structure of RES can be explained by enhanced
dissolvability. It was observed that phenols and polyphenols, in general, have a higher DPPH scavenging
influence if they were in the form of nanostructures rather than their normal form. This was also seen in RES,
hesperidin, and quercetin. The RES nanoparticles scavenging ability toward DPPH showed a significant
superiority compared to its natural form at the same concentration. RES, as a hydrophobic polyphenol, has
already been confirmed to possess relatively strong antioxidant activity due to its hydrogen donating strength [28,
29]. The elevation of the biological efficiency of flavonoids when turned to nanoparticles was observed. This
elevation comes as a result of increment in their specific surface area, surface energy, and catalytic reactivity
[30]. This can explain why RES-loaded poloxamer407 showed the highest DPPH scavenging ability. The results
suggested that turning RES to nanoparticle form can remarkably enhance its antioxidant potential.
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Figure 5: Free radical scavenging activity of pure RES (Blue color) and RES-loaded poloxamer 407 (Green
color) using DPPH at three different concentrations.

3.3. DNA Damage Assay

One of the acceptable models to measure the bio-protective influence of the natural structure of polyphenols
compared to its nano-structure form is it's sparing of DNA damage induced by hydrogen peroxide (H,0,).
Hydrogen peroxide is a non-radical compound, but it is a highly reactive molecule that's generated in large
amounts in living cells [31]. H,0, is produced by O2e- dismutation and other enzyme-mediated processes, and it
takes part in the oxidation reaction via a non-radical pathway [32]. When the superoxide (O2¢-) radical reacts
with H,O,, extremely reactive hydroxyl radicals are formed, which can be a source of additional damaging
species, such as hydroxyl radicals (OH). This will attack the guanine base in the double helix and cause DNA
damage. As indicated in table 1, H,0O, -induced DNA damage was reduced when the normal structure of RES or
RES-loaded poloxamer 407 was added to the reaction at three quantities (20, 40, and 80 pg mL™). The RES at
its nano-structure at 80 pug mL™ being the most effective. The result indicated that the reaction tube becomes less
absorbent when the natural RES or RES nano-structure concentration rises with advantage to RES nano-
structure. This type of reaction can be connected to RES antioxidant properties as a natural phenolic molecule,
generally, these molecules are considered potent antioxidants. The intensified level of antioxidant activity of the
modified RES as demonstrated through this result resembles the beneficially of turning RES to nano-structure.
Introducing this artificial structure to practical application, illnesses caused by free radicals, such as cancer,
probably can be treated while causing no damage to normal cells [33].

In this sense, turning RES into a more soluble compound such as nano-structure as in this case may preserve
DNA by lowering oxidative DNA damage caused by oxidative stress resulting from the presence of H202 and
improving DNA repair by modulating DNA repair enzyme production. This confirms that when cells are
subjected to high levels of oxidative stress, diets high in RES are more efficient in boosting DNA repair.
Lowering the intracellular oxidation level can help protect cells and tissues from neurodegeneration, cancer,
diabetes, and obesity-related illnesses[34].
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Table 1: The influence of natural RES and RES-loaded poloxamer 407 on the DNA molecule and its
preservation from the effect of oxidation reaction.

Compounds Concentration H,O, + H,0,+
(ug mL™) DNA (1x107) DNA (1x10°) M
M +Compound
natural RES 0.0 0.248+0.021 0.355 0.355+0.01
20 0.311+0.02
40 0.278+0.02
80 0.237+0.02
RES-loaded 0.0 0.248+0.021 0.355 0.355+0.01
poloxamer 407 20 0.283+0.02
40 0.249+0.03
80 0.221+0.01

3.4. Blood Compatibility Assay

Any parenteral administration technigue must have low or minimal hemolytic activity. Therefore, the interactions
between red blood cells and the prepared formulations were studied and both natural RES and RES of the nano-
structure were included in the study. The hemolysis impact on RBCs was measured after exposing the blood to
three different concentrations of natural RES and RES nano-structure (20, 40, and 80 pg mL™), as well as normal
saline and distilled water as negative and positive controls, respectively. The effects of RES-loaded poloxamer
407 were shown to be minor. The proportion of hemolysis of RES-loaded poloxamer 407 was below the
permissible criterion (1.8, 2.6, and 3.9 %, respectively) of less than 5% hemolysis at concentrations of 20 to 80
tg mL™ respectively. RBCs were shown to be less affected by RES nano-structure than by normal RES. Because
of the high polyunsaturated fatty acid composition of their membranes and their high cellular oxygen and
hemoglobin concentrations, erythrocytes are especially vulnerable to oxidative damage [35]. Under this in vitro
setting, the results showed that RES-loaded poloxamer 407 protects human RBCs from hemolytic damage may
be due to decreases oxidative stress [36, 37]. This impact has been linked to a variety of processes, including
membrane integrity maintenance, changes in cell membrane proteins and lipids, and changes in cell membrane
water content. The potential of RES to integrate into cell membrane appears to be critical for the efficiency of
polyphenol chemicals to maintain the integrity of the cells [38].

Lower concentration range, notably of the normal or natural RES, had more defective consequences on RBCs,
causing cell membrane disintegration, and this impact was similar to that of the positive control. This could be
due to the less solubility of RES making RBC susceptible to more water molecules. This was not observed with
RES-loaded poloxamer 407 Light microscopy images of the RBCs presented in figure (6); the images of
hemolysis assay demonstrated no harmful action on the RBCs morphology. Because of the presence of more
soluble RES and the major role that natural groups of polyphenols play in biocompatibility, RES-loaded P407
showed dramatically reduced hemolysis [39]. These findings demonstrated that RES-loaded poloxamer 407 was
ready for systemic administration, with less than 5% hemolysis. According to the American Society for Testing
and Materials' E2524-08 standard [40]. Normal or natural RES caused red cells to suffer morphological changes
from their typical discoid form to echinocytes as indicated in previous studies [41]. Foreign substances cause
erythrocytes to shift form owing to the unequal expansion of the red cell membrane's two monolayers. When the
chemical enters the inner monolayer, it produces stomatocytes, and when it enters the outer moiety, it produces
spiculated-shaped echinocytes. The fact that natural RES stimulated the production of echinocytes suggests that it
was introduced into the erythrocyte membrane’s outer leaflet [42].
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Figure 6: Light microscopic images showing the hemolytic toxicity: (A): Normal or natural RES (B): RES-
loaded poloxamer 407 at concentrations (20, 40 and 80 ug mL™) along with the positive and negative controls. *
the yellow arrow is Neutrophil, while red arrow is the abnormal cells (Echinocytes) due to the effect of pure RES
on their walls. Scale bar: 100um. —VVe and + Ve : negative and positive control, respectively.

3.5. In Vivo Histopathological Changes

In vivo experiments were conducted to assess the toxicity of RES-loaded poloxamer 407 using a mouse model. It
can be noted that administration of 20 to 80 mg Kg™ for 14 days did not result in death, and there were no
statistically significant variations in body weight between the RES-loaded poloxamer 407 -treated animals and
the control mice (P > 0.05). However, the body weight of mice before treatment were 20.0+0.40 and 21.5+0.82,
respectively, while, after treatment were 29.8+0.80 and 30.2+0.64, respectively. Furthermore, neither the control
nor the treated groups showed any aberrant clinical indications or behavior. When taken as a whole, the RES-
loaded poloxamer 407 administration had no obvious impairment in mice, and they stayed healthy until the end
of the trial. After the experiment, necropsy revealed no macroscopic organ alterations in both treated groups.
Furthermore, the control and treatment groups' tissues were histopathologically examined to see if the two doses
of RES-loaded poloxamer 407 and natural RES may produce tissue damage, inflammation, or lesions in the liver
and kidneys (Figure 7). Examination revealed that mice treated with RES-loaded poloxamer 407 or with natural
RES showed no visible histological abnormalities (Figure 7). As a result, this examination indicated that
employing RES-loaded poloxamer 407 for in vivo administrations might be propitious. Previous studies are
indicating the possibility of RES to protect the heart, kidney, lung, and spermatogenesis from the influence of
oxidative side effects of radiation and the toxic effects of infrared rays. As previously mentioned it is a very
effective antioxidant agent with impressive results and protects the body from wide types of cancer inducers as
well as diabetes [43]. Previous studies have explained that RES can stimulate Sirtl gene expression that enhances
DNA repair ability against clastogenic agents [44]. Moreover, in another study Cyclosporine, an
immunosuppressive drug, exhibits a toxic effect on renal and vascular systems. The RES therapy alleviates renal
and vascular injury induced by cyclosporine when it was given for 7 days to the rats under experiment [45].



Journal of Applied Sciences and Nanotechnology, Vol. 1, No. 3 (2021)

1

Control 20 mg Kg !

Figure 7: Histological images for liver and kidney of mice administrated the RES-loaded poloxamer 407 by
intraperitoneal injection with two different doses (20, and 80 mg Kg™'). Magnification of images is 400x.

4. Conclusions

The results of this study show that the formulation of natural RES to RES in nano-structure (RES -loaded
poloxamer 407) was effectively synthesized using the precipitation approach. Furthermore, certain trials were
undertaken to demonstrate the bio-viability of the novel construct, and it was shown to be antioxidant effective,
safe, and biocompatible for human red blood cells, with no toxicity and no harmful side effects or behavioral
abnormalities in the administrated mice. It was also put to the test in terms of retaining the DNA molecule, with
promising results.
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