
American University in Cairo American University in Cairo 

AUC Knowledge Fountain AUC Knowledge Fountain 

Faculty Journal Articles 

7-6-2023 

Lutein and β-Carotene Characterization in Free and Lutein and -Carotene Characterization in Free and 

Nanodispersion Forms in Terms of Antioxidant Activity and Nanodispersion Forms in Terms of Antioxidant Activity and 

Cytotoxicity Cytotoxicity 

Nourhan S. Elkholy 

Mohamad Louai M. Hariri 

Haitham S. Mohammed 

Medhat W. Shafaa 

Follow this and additional works at: https://fount.aucegypt.edu/faculty_journal_articles 

Recommended Citation Recommended Citation 

APA Citation 
Elkholy, N. Hariri, M. Mohammed, H. & Shafaa, M. (2023). Lutein and β-Carotene Characterization in Free 
and Nanodispersion Forms in Terms of Antioxidant Activity and Cytotoxicity. Journal of Pharmaceutical 
Innovation, 18, 1727–1744. 10.1007/s12247-023-09745-2 
https://fount.aucegypt.edu/faculty_journal_articles/5237 

MLA Citation 
Elkholy, Nourhan S., et al. "Lutein and β-Carotene Characterization in Free and Nanodispersion Forms in 
Terms of Antioxidant Activity and Cytotoxicity." Journal of Pharmaceutical Innovation, vol. 18, 2023, pp. 
1727–1744. 
https://fount.aucegypt.edu/faculty_journal_articles/5237 

This Research Article is brought to you for free and open access by AUC Knowledge Fountain. It has been accepted 
for inclusion in Faculty Journal Articles by an authorized administrator of AUC Knowledge Fountain. For more 
information, please contact fountadmin@aucegypt.edu. 

https://fount.aucegypt.edu/
https://fount.aucegypt.edu/faculty_journal_articles
https://fount.aucegypt.edu/faculty_journal_articles?utm_source=fount.aucegypt.edu%2Ffaculty_journal_articles%2F5237&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.1007/s12247-023-09745-2
https://fount.aucegypt.edu/faculty_journal_articles/5237?utm_source=fount.aucegypt.edu%2Ffaculty_journal_articles%2F5237&utm_medium=PDF&utm_campaign=PDFCoverPages
https://fount.aucegypt.edu/faculty_journal_articles/5237?utm_source=fount.aucegypt.edu%2Ffaculty_journal_articles%2F5237&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:fountadmin@aucegypt.edu


Page 1/30

Lutein and β-carotene characterization in free and
nanodispersion forms in terms of antioxidant activity
and cytotoxicity
Nourhan Elkholy 
(

phy.nsayed@gmail.com
)

Helwan University Faculty of Science
 https://orcid.org/0000-0001-7344-5922
Mohamad Louai M. Hariri 
Haitham S. Mohammed 
Medhat W. Shafaa 

Research Article

Keywords: Lutein, β-carotene, Nanodispersion, Tween 80, Antioxidant assay, Cytotoxicity

Posted Date: January 20th, 2023

DOI: https://doi.org/10.21203/rs.3.rs-2485101/v1

License:


This work is licensed under a Creative Commons Attribution 4.0 International
License.
 
Read
Full License

Version of Record: A version of this preprint was published at Journal of Pharmaceutical Innovation on
July 6th, 2023. See the published version at https://doi.org/10.1007/s12247-023-09745-2.

https://doi.org/10.21203/rs.3.rs-2485101/v1
mailto:phy.nsayed@gmail.com
https://orcid.org/0000-0001-7344-5922
https://doi.org/10.21203/rs.3.rs-2485101/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s12247-023-09745-2


Page 2/30

Abstract
Purpose: Carotenoids are potent natural antioxidants with many important applications. Their
nanodispersion formulations can solve problems that may limit their usage. In this study, we produced
carotenoid nanodispersions from extracted lutein (Nano-Lut), extracted β-carotene (Nano-EBc), and
synthetic β-carotene (Nano-SBC). 

Methods: The present study has quantitatively emphasized the physicochemical, antioxidant, and cytotoxic
properties of free and nanodispersed formulations of lutein and β-carotene. The nanodispersions were
characterized by spectral absorption, dynamic light scattering, and zeta potential. Antioxidant and
cytotoxicity assays were conducted for free and their nanodispersed forms. The cytotoxicity of free
carotenoids and their nanodispersions was conducted on HSF, VERO, and BNL cell lines. 

Results: Nano-Lut has the smallest mean particle size (185.2 ± 40.5 nm, PDI of 0.183 ± 0.01, and zeta
potential of -28.6 ± 6.4 mV). Nano-SBc showed monomodal size distribution (220.5 ± 30.09 nm, PDI of
0.318 ± 0.03, and zeta potential of -12.1 ± 5.9 mV), while Nano-EBc showed a bimodal size distribution
(with a mean particle size of 498.3 ± 88.9 nm, PDI of 0.65 ± 0.08, and zeta potential of -39.7 ± 1.3 mV). All
prepared nanodispersions showed less than 20% loss during the formulation process. Antioxidant assays
showed that extracted lutein was the most active and synthetic β-carotene was the least. Cells showed
higher tolerance for lutein and its nanodispersion than extracted or synthetic β-carotene either in free or
nanodispersion forms. 

Conclusions: The study proved that lutein in nanodispersed form possesses the smallest size, the highest
antioxidant activity, and the lowest cytotoxicity among the tested formulations.

Introduction
Carotenoids are lipophilic substances found in bacteria, fungi, algae, and plant biomass [1-3]. They are
synthesized and sequestered in plastids, where they are stored in a lipophilic environment [4]. Nevertheless,
carotenoids are essential for several biological processes and protection from serious illnesses like cancer
[1-3,5,6], age-related macular degeneration [1-3,6], and cardiovascular disorders [2,3,6], the human body
cannot produce them on its own [2,3]. Since many fruits and vegetables high in carotenoids are not
consumed in amounts that allow their carotenoid content to execute their functions effectively, some
dietary carotenoids are insufficient in our food intake and should be supplemented [1-3, 6]. Carotenoids are
added to animal food [4-6], pharmaceuticals [2-6], food coloring [1], and vitamin supplements [1-6]. 

Due to their capacity to scavenge many forms of free radicals, carotenoids are well-known to be effective
antioxidant reagents [1-3,5,6]. They can also regulate gap junction communications between cells [2,4-8].
They have a wide range of impacts on cell proliferation [2,4,6], modulate transcriptional activity [5,6,8], and
control the cell cycle [4,6,7]. Furthermore, carotenoids improve overall health and lower the risk of diseases
[1-6] such as prostate [1,4,6-8], breast [1,6], cervical, ovarian [7], and colorectal cancer [4-8], metabolic
disorders like diabetes mellitus and obesity [2,6,7], as well as diseases related to the bone [6,7], skin [6-8],
and eyes [2,3,6-8], and as mental decline [6]. However, this healing power depends on many variables,
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including their concentration and availability in the target cells, tissues, or cellular compartments and the
free radicals’ type [1, 4-8].

There are few reported exceptions to the notion that carotenoids often are harmless, even when used at
elevated levels as pure supplements [1,2]. Canthaxanthin at high concentrations can cause reversible
retinopathy [1]. Additionally, smokers should avoid consuming enormous amounts of Bc (20–30 mg/d in
supplement form) due to the increased risk of stomach and lung cancers [1]. Furthermore, consuming too
high quantities of carotenoids can cause carotenemia, which causes reversible skin yellowing [1].

Human fluids (plasma, milk, and semen) and tissues contain carotenoids as geometrical cis/trans isomers
in their free forms rather than ester forms. The liver, adrenals, adipose tissue, scalp, breast tissue, cervix,
colon, eye, and brain were among the sites where carotenoids were found. That wide distribution
emphasizes the bioavailability of carotenoids [6,7].

When getting carotenoids as a nutritional supplement, each stage of carotenoid intake influences
absorption, causing a significant shift in the concentration of carotenoids in plasma and lymph, which
impacts tissue and organ accumulation. Release from the dietary matrix, transformation to lipid droplets,
integration into mixed bile salt micelles during ingestion, uptake and metabolism by enterocytes, and
incorporation into chylomicrons for secretion into the lymph are the steps taking place in the absorption of
carotenoids. As a result, the bioavailability and effectiveness of carotenoids in the food matrix may be
disrupted. The kind of food matrix, sources, particle size, the way that food is processed, the quantity of
accompanying dietary lipids, fiber, phytosterols, carotenoids type, the nutritional status, the physiological
status as gut health, and the genotype of the consumer are just a few of the variables that affect how well
carotenoids are absorbed from the food [1,4].

The double-bond conjugated system is the essential component of the molecule and is mostly accountable
for its biological activity [1,3,6]. Hydrocarbon carotenoids, also known as carotenes, include β-carotene (Bc),
lycopene, and α-carotene, whereas oxy-carotenoids, also known as xanthophylls, including lutein,
zeaxanthin, and β-cryptoxanthin. [3,4,6]. Bc [Figure 1] with a molecular formula (C40H56), is one of the most
efficient compounds known to quench singlet oxygen, raising the possibility that Bc may prevent cancer
through an antioxidant mechanism [9]. It represents the major carotenoid of many foods (e.g., apricot,
carrot, mango, loquat, West Indian Cherry, and palm fruits) [10]. One of the three provitamin A (retinol)
forms is Bc. β-cryptoxanthin and α-carotene are the other two. Human carotenoid cleavage enzymes split
Bc into two retinol molecules (vitamin A aldehydes) [11]. 

Lutein (Lut) got its name from the Latin luteus, which means yellow, and it means the yellow color of the
leaves in Chinese. Lut is found with higher concentrations than zeaxanthin in leaves, green vegetables such
as spinach and kale, and yellow flowers. The long linear aliphatic carbon chain provides Lut (β, ε-carotene-
3,3′-diol) [Figure 1] the properties of an antioxidant, and as a blue light absorber, it appears as a yellow
compound. Lut has a molecular formula, C40H56O2. It is formed from eight isoprene units (tetraterpenoid)
and two hydroxyl functional groups at the two ends [10,12].
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Since carotenoids are lipophilic substances, they must be delivered to tissues through blood or plasma by
carriers like lipoproteins [2,4,6]. They are eliminated very slowly; after 1-week supplementation with either
Bc or Lut, plasma concentrations return to baseline after three weeks [2,4]. When two immiscible liquids,
such as oil and water, are combined, the resulting solution is known as dispersion, in which the disperse
phase is the phase that spreads as minute droplets into the other phase, which is known as the continuous
phase [13]. Carotenoid nanodispersion enhances carotenoids’ bioavailability and solubility in water and
lipids (or oils). Nanodispersion often increases the surface-to-volume ratio by reducing particle size to the
nanoscale range and alters its reactivity by several folds with changes in mechanical, electrical, and optical
characteristics [14, 15]. 

Therefore, the objective of this study was to prepare nanodispersion of extracted lutein from marigold
flowers (Nano-Lut), nanodispersion of extracted β-carotene from carrots (Nano-EBc), and nanodispersion of
synthetic β-carotene (Nano-SBc) via the solvent displacement method using Tween 80 as a surfactant. The
resulting nanodispersions were then characterized in terms of drug content percentage, absorption spectra,
zeta potential value, particle size, and polydispersity index. The work extended to investigate the
antioxidant activities of these prepared nanodispersions in comparison to their free forms as well as to
evaluate the cytotoxic properties of these nanodispersions on selected normal cell lines.

Materials And Methods
 Chemicals

Carotenoids reference standards and synthetic β-carotene (≥ 97%) were purchased from Sigma (St. Louis,
Mo, USA). Solutions were prepared in ultra-pure deionized water. Marigold flowers and carrots were
purchased from local marks in Egypt. All other used reagents were of high purity and solvents were of
HPLC grade. 

 Carotenoids Extraction, Purification, Identification

Extraction of Lutein from

 Marigold flower (Tagetes erecta L.)

A summary of lutein extraction from marigold petals is shown in Figure 2. The Orange Marigold flower
(Tagetes erecta L.) was selected after evaluating some available yellow and orange Tagetes types. It was
found that the orange Marigold flower contains the highest amount of trans-lutein and lutein esters [16].
The darker the color of the flowers, the more lutein and lutein esters they contain. Flowers were picked, and
then only petals were used [17].

Petals were dried in the shade to remove the water content for 2-3 days (dehydration) because water
decreases extraction efficiency. Then they were crushed using a pestle and mortar. In a separate flask, a
300 ml mixture of methanol, hexane, and ethyl acetate (1:1:1) was prepared and mixed with a magnetic
stirrer with 50 ml of 15% methanolic potassium hydroxide. 10 g Petals were added to the organic mixture
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and stirred for 30 min at room temperature. After that, the mixture was filtered, and the petals were soaked
again with a new solvent solution to extract all the pigments from the flowers. This step was repeated until
the petals changed to deep brown color [18-21].

The red-orange extract solution was collected and evaporated using a rotary evaporator at 40 ℃ to
evaporate the organic solvents without degrading the carotenoids. The extract was collected by dissolving
it in diethyl ether, transferred into a separating funnel, and washed with NaCl-saturated water (1:1) until
obtaining unturbid layers. The Diethyl ether layer was filtered on anhydrous sodium sulfate to remove the
moisture, to obtain marigold oleoresin [18-20].

The oleoresin was dried using a rotary evaporator and collected with 50 ml diethyl ether. Then 50 ml of 20%
methanolic potassium hydroxide was added to liberate the carotenoids from their ester linkage with fatty
acids. This flask was left stirring at room temperature and monitored by thin layer chromatography (TLC)
every 20 min to check the reaction. The reaction was stopped when the esters bands disappeared. After
completing the saponification process, the mixture evaporated, and the residue was collected with diethyl
ether. The extract was washed with saturated NaCl water again (1:1) to separate the pearl-white precipitate
[18-21]. After dehydration with anhydrous sodium sulfate, the sample was concentrated by a rotary
evaporator attached to a vacuum pump with water bathing at a temperature not exceeding 40 ℃.

Purification of extracted lutein

A glass open gravity column (15×250 mm) was used for a preliminary study of lutein purification solvents
and ratios. Finally, it was packed with silica gel slurry, and 0.5 ml of extract stock solution in hexane was
loaded into the column. A gradient ratio of hexane and acetone was used to allow the fractions to flow [22].

Puriflash helps sample separation on a large scale and increases the purity in the final separation step.
Marigold extract was dissolved in ethyl acetate and mixed with silica to the ratio of 1:3 (w/w). The
suspension was evaporated using a rotatory evaporator adjusted at 40 ℃ to evaporate the solvent and
load the extract. The dry-loaded extract was chromatographed using the same gradient solvent system
used in the preliminary open column by Puriflash (4100, INTERCHIM Co., France) with a PDA-UV-Vis 190 –
840 nm detector with 22 bars pump and flow rate 10 ml/min on Silica HP 30 µm–25 g. The gradient elution
is summarized in Table 1. 

The peaks were separately collected and evaluated on TLC against standard lutein using the 80:20 ratio
(hexane to acetone) mobile phase and, accordingly, the band, which was found to have the same retention
factor (RF) value as the standard and the characteristic UV-Vis spectrum, was collected. Then the band
evaporated and stored at -20 in an amber-colored vial. Lutein started to elute at the hexane-to-acetone ratio
of 80:20. 

Table 1: The gradient elution for lutein purification using Puriflash in terms of column

Volume (CV) and the hexane/acetone ratio. 
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Column Volume (CV) Hexane % Acetone%

0 100 0
5 100 0
15 90 10
25 85 15
35 80 20
55 80 20

55.1 0 100
60 0 100

Extraction of β-carotene from carrots (Daucus carota L.)

β-carotene is readily soluble in dichloromethane [23]. Therefore, the following extraction technique was
applied according to Rifqi et al. [24] with modifications. 100 g of carrots were washed with distilled water
and cut into small pieces. Carrot pieces were dried in the shade to remove the water content for 2-3 days
(dehydration). After drying, the carrot pieces were mashed using a blender, and the carrot mass was mixed
with dichloromethane to a ratio of 1:10 (w/v). The mixture was homogenized using Ultraturrax T50 IKA
Labotechnik and shaft number G45ME for 15 minutes with a pause of 5 minutes at each interval at 4000
rpm. After collecting the filtrate, the homogenization step was repeated 4 times.

The extract filtrates were collected and concentrated using a rotatory evaporator at 40 ℃ under a vacuum.
Then the concentrated extract was dissolved in dichloromethane and washed with saturated NaCl in
distilled water (1:1) several times until obtaining unturbid layers. The organic layer was filtered on
anhydrous sodium sulfate. Then the solvent was evaporated under a vacuum using a rotatory evaporator
at 40 ℃ to obtain carrot oleoresin.

Purification of extracted of β carotene

β-carotene purification was conducted with similar steps to lutein purification, considering the difference in
the component nature and polarity. The carrot extract was dissolved in dichloromethane and mixed with
silica to the ratio of 1:3 (w/w). The suspension was evaporated using a rotatory evaporator adjusted at 40
℃ to evaporate the solvent and load the extract for flash chromatography purification on Puriflash. The
same conditions were applied except for the mobile phase composition, which involved 100% hexane, and
the flow rate was set at 5 ml/min. The column-washing step was conducted using 100% acetone. The
peaks were separately collected and assessed on TLC against standard Bc using the same mobile phase.
Accordingly, the band was found to have the same RF value as the standard, and the characteristic UV-Vis
spectrum was determined. Then the band evaporated and stored at -20 in an amber-colored vial. 

Carotenoids Identification

A compact Mass Spectrometer APCI (TLC-MS, Advion, USA), high-performance liquid chromatography
(HPLC) [Waters 2695 LC, 996 PDA detector, pump with a low-pressure mixing system, auto-sampler with a
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sample loop of 100 µl, and a reversed-phase C18 column Scharlau (250 x 4,6mm), 5 µm.], and nuclear
magnetic resonance (NMR) [Bruker Avance HDIII 400 MHz, Czechia] were used to identify Lut, EBc, and
SBc. The methods used and results were provided in detail in the supplementary information section.

  Nanodispersions

Preparation

Extracted lutein nanodispersions (Nano-Lut), extracted β-carotene nanodispersions (Nano-EBc), and
synthetic β-carotene nanodispersions (Nano-SBc) were prepared using the solvent displacement method.
Samples of Lut, SBc, and EBc were scanned using the spectrophotometer (v-630, JASCO, Spain) to take the
needed amount according to the following effective weight equation:

where, A: Absorbance, V: Stock volume, A1cm
1%: Specific Extinction Coefficient (Depending on the solvent

and the kind of carotenoids), and DF: Dilution Factor.

For Nano-Lut, two stocks were made: one containing 0.1% (w/w%) Tween 80 (T80) in deionized water,
which served as the aqueous phase, and the other containing 0.1% (w/w%) Lut in acetone, which served as
the organic phase (acetone's density is 0.791 g/ml). A one-shot addition of the organic phase at a volume
ratio of 1:9 to the aqueous phases was made. A magnetic stirrer was used to mix them for 30 minutes at
750 rpm. A rotary evaporator (Re-2010, Lanphan Zhengzhou, Henan, China) was then used to remove the
acetone for 30 minutes at 40 °C and 60 rpm [25-28].

To create Nano-SBc or Nano-EBc, two stocks were made: one containing 1% (w/w%) T80 in deionized water
and the other 0.2% (w/w%) Bc in hexane (hexane's density is 0.655 g/ml). The same procedures were
carried out as the previous procedure. However, the organic to the aqueous phase was dropwise added [15,
29-31]. Many trials were assessed, and the parameters that resulted in the smallest size and highest drug
content were chosen (data not shown). 

Drug Content Measurement

The determination of drug content was performed by extraction method according to Tan et al. [25] with
some modifications. Aliquots of 1 ml carotenoid nanodispersion and 3 ml dichloromethane were vortexed
vigorously for 3 min at room temperature to get the unentrapped quantity of carotenoids in the dispersion.
The mixture was centrifuged at 3000 g for 5 minutes to collect the supernatant. This action was conducted
twice. The gathered supernatant was then diluted with dichloromethane in a tube. Using dichloromethane
as the blank, the unentrapped quantity of carotenoids was spectrophotometrically quantized at 460 and
452 nm for Bc and Lut, respectively. Each experiment was conducted in an independent triplet. Carotenoids'
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drug content in nanodispersions was determined by dividing the concentration of carotenoids recovered by
extraction by the total concentration required to prepare the nanodispersion [23, 25].

Dynamic Light Scattering Measurement

The mean particle size and size distribution of freshly prepared nanodispersions were determined by the
dynamic light scattering using a particle sizing system (Zetasizer Nano ZS, Malvern, UK) at 25 °C. The
results were expressed as the average of three independent measurements.

Zeta Potential Measurements

The zeta potential of freshly prepared samples was determined in ultra-pure deionized water at 25 °C using
Zetasizer Nano ZS, Malvern, UK. The results were expressed as the average of three individual
measurements.

UV‐visible Absorption Spectrometry

Spectrophotometry is considered an identification step because carotenoids have a characteristic spectrum
in the UV-visible range. Free carotenoids were dissolved in methanol with a methanol blank. The deionized
water was used as a blank of freshly prepared nanodispersions to determine their spectra using a
spectrophotometer (spectrophotometer v-630, JASCO, Spain). 

  Antioxidants activities

ABTS

The assay was performed according to the method of Arnao, et al. [32], with minor modifications to be
done in microplates. Briefly, ABTS reagent was prepared at a concentration of 7mM in distilled water. Then,
1mL of the solution was added to 17 µL of 140 mM potassium persulphate, and the mixture was left in the
dark for 24 hours. 1 mL of the reaction mixture was then completed to 50 mL with methanol to obtain the
final ABTS dilution used in the assay. 190 µL of freshly prepared ABTS reagent was mixed with 10 µL of
the sample in 96 wells plate (n=6), and the reaction was incubated at room temperature for 30 minutes in a
dark chamber. At the end of incubation time, the decrease in ABTS color intensity was measured at 734 nm.
Data were represented as means ± SD according to the following equation: 

Percentage inhibition = ((Average absorbance of blank - Average absorbance of the sample) / (Average
absorbance of blank)) *100.

Free carotenoids were dissolved and blanked with methanol whereas nanodispersions were dispersed in
water and blanked with it according to their effective concentration. Different concentrations of standard
Trolox in methanol and another in water were evaluated in the same way to establish a standard linear
curve between Trolox concentration and % inhibition of ABTS radical achieved at each concentration to
calculate Trolox equivalent antioxidant capacity (TEAC).

Ferric-reducing antioxidant power (FRAP)
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The assay was conducted according to the method of Benzie, et al. [33], with minor modifications to be
conducted in microplates. Briefly, 2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ) reagent was dissolved in 40mM HCl
to obtain a concentration of 10mM. FeCl3 solution was prepared at a concentration of 20mM in distilled
water. On the day of analysis, TPTZ, FeCl3, and acetate buffer (300mM pH=3.6) were added in the ratio
1:1:10 v/v/v. From this freshly prepared solution, 190 µL was mixed with 10 µL of the sample in 96 wells
plate (n=6), and the reaction was incubated at room temperature for 30 min in the dark. At the end of the
incubation period, the resulting blue color was measured at 593nm. Data were represented as means ± SD
according to the following equation: 

Percentage inhibition= ((Average absorbance of blank-average absorbance of the sample)/ (Average
absorbance of blank)) *100

Free carotenoids were dissolved and blanked with methanol wherever nanodispersions were dispersed in
water and blanked with it according to their effective concentration. Different concentrations of standard
Trolox in methanol and another in water were evaluated in the same way to establish standard linear
curves between Trolox concentration and the absorbances obtained at each concentration to calculate
TEAC. 

Ferrozine

The assay was performed according to the method of Santos, et al. [34] with minor modifications to be
conducted in microplates, briefly; 20 µL of the freshly prepared ferrous sulfate (0.3 mM in acetate buffer
pH=6) was mixed with 50 µL of the sample in 96 wells of a plate (n=6). 30 µL of ferrozine (0.8 mM in
acetate buffer pH=6) was then added to each well. The reaction mixture was incubated at room
temperature for 10 minutes in the dark. At the end of incubation time, the decrease in the produced color
intensity was measured at 562 nm. Data were represented as means ± SD according to the following
equation:

Percentage decrease = ((Average absorbance of blank-average absorbance of the sample)/ (Average
absorbance of blank)) *100.

Free carotenoids were dissolved and blanked with methanol whereas nanodispersions were dispersed in
water and blanked with it according to their effective concentration. Different concentrations of EDTA were
evaluated in the same way to establish a standard linear curve between EDTA concentration and %
inhibition of ferrozine-iron complex color achieved at each concentration to calculate EDTA equivalent
antioxidant capacity.

DPPH

DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) free radical assay was conducted according to Boly, et al.
[35]. Briefly, 100µL of freshly prepared DPPH reagent (1 mg in 10 mL methanol) was added to 100 µL of the
tested sample and standard in 96 wells plate (n=6). Each sample was prepared at effective concentrations
of 10 and 100 µM to screen its activity. Then six suitable effective concentrations were prepared for each
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one to calculate the value of the IC50. Free carotenoids were dissolved and blanked with methanol whereas
nanodispersions were dispersed in water and blanked with it. 

The reaction was incubated at room temp for 30 min in the dark. At the end of incubation time, the resulting
reduction in DPPH color intensity was measured at 540 nm. Data are represented as means ± SD according
to the following equation: 

Percentage inhibition= ((Average absorbance of blank-average absorbance of the sample)/ (Average
absorbance of blank)) *100.

Data were normalized using Microsoft Excel and the IC50 value was calculated using Graph pad Prism 9.
According to Zheng, et al. [36], the concentrations were converted into logarithmic values and a non-linear
inhibitor regression equation (log (inhibitor) vs. normalized response – variable slope equation) was
selected.

 Oxygen Radical Absorbance Capacity (ORAC)

The assay was performed according to the method of Liang, et al. [37], with modifications. Briefly, in black
plates, 10 µL of the prepared samples (according to their effective concentrations) was incubated with 30
µL fluoresceine (100 nM) for 10 min at 37 °C. Fluorescence measurement (485 EX nm, 520 nm EM) was
conducted for three cycles (cycle time, 90 sec.) for background measurement. 70 µL of freshly prepared
2,2’Azobis (2-amidinopropane) dihydrochloride (AAPH) (300 mM) was added immediately to each well.
Fluorescence measurement (485 nm EX, 520 nm EM) was continued for 60 min (40 cycles, each 90 sec).
Data were represented as means (n=3) ± SD, and the compound’s antioxidant activity was calculated as
µM Trolox equivalents by substitution in the linear regression equation.

  Cell culture and cytotoxicity assay

The HSF (Human Skin Fibroblast), VERO (Green Monkey Kidney), and BNL (Normal Mouse Liver Cells) cell
lines were purchased from Nawah Scientific Inc. (Mokatam, Cairo, Egypt). Cells were kept alive in
Dulbecco's Modified Eagle Medium (DMEM) supplemented with 10% heat-inactivated fetal bovine serum in
a humidified, 100 mg/mL streptomycin, and 100 units/mL penicillin 5% (v/v) CO2 atmosphere at 37 °C. The
Sulforhodamine B (SRB) assay was used to measure cell viability. In 96-well plates, aliquots of a 100 μl cell
suspension (5x10^3 cells) were cultured in the medium for 24 hours. Another aliquot of 100 mL of medium
containing different drug concentrations (µg/ml) was used to treat the cells. Free forms of carotenoids
were dissolved in DMSO with a concentration used in each well of 0.2% DMSO of the total volume to avoid
its toxicity. To evaluate whether the toxicity originated from the carotenoid or the vehicle; since the water
content and surfactant can disrupt the cell membrane, the same volumes/ concentrations of water and T80
that were used to disperse the carotenoid were evaluated alone without incorporating the active carotenoid
[38, 39].

Cells were fixed by changing the medium with 150 mL of 10% Trichloroacetic acid (TCA) and incubating at
4 °C for 1 hour after 48 hours of drug exposure. After the TCA solution was withdrawn, distilled water was
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used to wash the cells five times. Aliquots of a 70 mL SRB solution (0.4% w/v) were added and then
incubated for 10 min in a dark environment at room temperature. Plates were washed with 1% acetic acid
three times and then left to air dry overnight. The protein-bound SRB stain was then dissolved using 150 L
of TRIS (10 mM), and the absorbance was determined at 540 nm using a BMG LABTECH®- FLUOstar
Omega microplate reader (Ortenberg, Germany) [38, 39].

  Statistics

Results were expressed as the mean ± standard deviation. The significant difference (P < 0.05) between
groups was evaluated by one-way analysis of variance (ANOVA) followed by the post hoc Tukey test.

Results
 Carotenoids extraction, purification, and identification:

Lutein was successfully extracted from the marigold flower. Starting with 10 g of dried petals. It resulted in
0.55 g of marigold oleoresin which yielded ~ 100 mg (actual weight) and ~40 mg (effective weight) of Lut
of all trans-lutein with purity exceeding 90% (detected by HPLC at 450 nm). Bc was successfully extracted
from carrots. Starting with 100 g of carrots, resulted in 0.6 g of carrots oleoresin which yielded ~ 50 mg
(actual weight) and ~15 mg (effective weight) of EBc as a mixture composed from 13-Cis isomer (~45%),
all trans β carotene (~40%), and 9-Cis isomer (~10%) (detected by HPLC at 450 nm). Lut, EBc, and SBc were
identified by TLC-mass, HPLC, and NMR. The results in detail were reported in the supplementary data.

   Drug Content Results

The drug content % of the prepared nanodispersions exceeded 98.12±0.88, 80.1±1.76, and 94.8±0.22% of
Lut, EBc, and SBc, respectively. 

  Size Distribution and Zeta potential of Nanodispersions

Size distribution graphs for Nano-Lut, Nano-SBc, and Nano-EBc were shown in Figure 3 A-C. The size
distribution of the Nano-Lut sample, as shown in Figure 3A, was concentrated around a mean particle size
diameter of 185.2±40.54 nm with a polydispersity index (PDI) of 0.183. The mean particle size diameter of
Nano-SBc was 220.5±30.09 nm with 0.318 PDI, as shown in Figure 3B. Figure 3C showed that the Nano-
EBc has a mean size diameter of 498.3±88.9 nm with 0.65±0.08 PDI. The figure shows two peak maxima,
with the first occurring at 160.6±39.29 nm and the second at 790.7±215.1 nm in diameter. The results of
measurements of various nanodispersion formulations are summarized in Table 2.

Table 2: DLS, PDI, Zeta potential, and Drug content of various nanodispersions.
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Sample Size by DLS (nm) PDl Zeta potential (mV) Drug Content (%)

Nano-Lut 185.2±40.54 0.183±0.01 -28.6±6.4 98.12±0.88

Nano-SBc 220.5±30.09 0.318±0.03 -12.1±5.9 94.8±0.22

Nano-EBc 498.3±88.9 0.65±0.08 -39.7±1.3 80.1±1.76

  UV-Visible Spectroscopy

Figure 4 represents the absorption spectra of Lut and Bc in different molecular organization forms. Figure
4A displays the absorption spectrum of monomeric Lut in methanol, containing the three characteristic
peaks for the S0→S2 transition, corresponding to the 0−0, 0−1, and 0−2 vibronic sub-levels, respectively.
These transitions are numbered I, II, and III from short to long wavelengths. It represents the typical shape
of the spectrum of Lut in a monomeric form, while the spectrum recorded by Nano-Lut in hydrated solution,
blue-shifted and devoid of the vibrational substructure, represents the pigment molecules that are
organized into the aggregated structure.

It was observed that the strongly allowed S0→S2 electronic transition of SBc monomer with vibronic
features corresponds to 0-2, 0-1 and 0-0 transitions occurred in the 400-500 nm region, Figure 4B. The
spectrum for Nano-SBc in aggregated form can be indicated in Figure 4B. The absorption spectrum of
water nanodispersion of SBc was weakened in the 350–500 nm range. Spectroscopic variations of Nano-
SBc (Figure 4B) could be good evidence for Nano-SBc synthesis. Figure 4C presents the absorption spectra
of EBc in the same systems of methanol. It was also indicated from Figure 4C that Nano-EBc resulted in the
formation of aggregated structures and was characterized by small spectral shifts. The absorption spectra
of EBc and Nano-EBc were almost similar. 

  Antioxidant activity 

Table 3 illustrates the antioxidant capacity results. In ORAC and ABTS, Lut has the best antioxidant
capacity, where 1 µM of Lut (effective concentration) is equivalent to 26.507 ± 2.112 µM and 4.546 ± 0.320
µM of Trolox, respectively. When compared to EBc and SBc, whose 1µM effective concentration was equal
to 1.020 ± 0.078 and 0.662 ± 0.056 in ORAC and 4.066 ± 0.280 and 1.860 µM Trolox in ABTS, respectively.
In the ABTS assay, nanodispersions produced weaker results than their free counterparts, where 1µM of
effective Nano-Lut concentration was equivalent to 1.735 ± 0.099 µM of Trolox, Figure 5 A.

In contrast, FRAP and iron metal chelation assays indicated that the nanodispersion system enhanced the
antioxidant capacity of the free molecules. The results showed that 1µM EBc (effective concentration) was
equivalent to 0.713±0.011 µM Trolox standard in FRAP assay and 0.417±0.04 µM EDTA in iron chelation
assay while, in Nano-EBc, it was significantly higher and was equivalent to 1.463±0.114 µM Trolox and
0.662 µM EDTA, respectively. (Figure 5B and 5C). 



Page 13/30

The same was applied in the DPPH where the IC50 values of the tested free carotenoids were lower than
their nanodispersions where the IC50 achieved by Lut is 3.453 µM compared to Trolox positive control in
methanol which achieved 16.45±1.25 µM IC50 value. While the IC50 value of the Nano-Lut was significantly
higher reaching 23.22±1.68 µM compared to Trolox positive control in water which achieved an IC50 value
of 41.95±8.5 µM IC50 value as depicted in Figure 6.

Table 3: Results of free and nanodispersion carotenoids using different antioxidant assays. 
Free/

carotenoid
nanodispersions

Antioxidant Assay

DPPH

(IC50 µM)

ABTS

(µM T Eq/µM)

FRAP

(µM T Eq/µM)

Iron
chelation

(µM
EDTA

Eq/µM)

ORAC

(µM T
Eq/
µM)

Lut 3.453±0.526a 4.546±0.320a 0.882±0.019a 0.439 ±
0.039a

26.507
±

2.112

EBc 9.417±0.73a,

b
4.066±0.280a 0.714±0.011a 0.417 ±

0.04a, b
1.021

±
0.078a

SBc 10.28±1.39a,

b
1.860±0.109b 0.342±0.032 0.271 ±

0.007b
0.662

±
0.056a

Nano-Lut 23.22±1.68b 1.735±0.099b 1.766±0.058b 0.743 ±
0.079c

N/A

Nano-EBc 56.78±9.68 1.284±0.098b,

c
1.463±0.113b,

c
0.629 ±
0.036c, d

N/A

Nano-SBc 98.12±11.56 0.982±0.017c 1.191±0.022c 0.591 ±
0.017d

N/A

DPPH is expressed as IC50 while FRAP, ABTS, and ORAC are expressed as µM Trolox equivalent/µM carotenoid
and Iron chelation results are expressed as µM EDTA equivalent /µM carotenoid. Data labeled with the same letter
in each column (antioxidant test type) denote non-significant differences and different letters denote significant
differences at P < 0.05.

Additionally, the ORAC assay exhibited the same pattern, with 1 µM Lut effective concentration being
equivalent to 26.5 µM Trolox in the postponement of fluorescein's oxidative degradation (Figure 7 and
Table 3). However, this assay was affected by the ingredients of the nano-system vehicle where tween 80 in
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water at different concentrations produced a significant activity that could mask the effect of the tested
molecules (data not shown).

 Cell culture and cytotoxicity assay

Cytotoxicity of free and nanodispersion of Lut, EBc, and SBc at different concentrations was assessed on
normal human skin, green monkey kidney, and mice liver cell lines. The cytotoxic activity was investigated
by the survival fraction percent by using an SRB assay. Lut did not potentially display cytotoxicity on the
tested cell lines as shown in Table 4, however, when fabricated into nanodispersion, it showed increased
cytotoxic activity with the different cell lines used. The highest used effective concentration of
Lut (100 μg/ml) showed 70.52±0.92, 52.1±0.49, and 94.73±3.72 cell viability percentages (IC50) with HSF,
VERO, and BNL, respectively. Based on the above results and depending on the normal cell type,
free lutein showed the lowest cytotoxic efficacy against HSF, VERO, and BNL lines Table 4. 

EBc or its nanodispersion form was assessed against the same cell lines, and the cytotoxic activity was
investigated. The IC50 values with HSF-treated cells were 35.76 ± 5.56, and 51.52 ± 4.99 μg/ml for EBc,
and Nano-EBc, respectively. In VERO and BNL-treated cells, the IC50 of Nano-EBc was decreased
insignificantly (P>0.05) from 17.91 ± 3.80 and 34.57 ± 1.84 to 10.66 ± 1.24 and 27.8 ± 1.85 μg/ml,
respectively when compared to EBc. 

When Nano-SBc was administered with HSF and BNL-treated cells, the IC50 showed increased cytotoxicity
when compared to SBc. The IC50 was insignificantly changed from 24.54 ± 3.67 and 22.04 ± 1.71 to 25.92
± 5.58 and 27.91 ± 1.10 μg/ml with HSF and BNL, respectively. In VERO-treated cells, the cytotoxicity was
decreased by the administration of Nano-SBc as IC50 was changed from 18.11 ± 1.87 to 6.57 ±
0.32 μg/ml. 

0.1% Tween 80 did not potentially influence the cytotoxicity for all tested cell lines as shown in
Table 4, however, 1% Tween 80 showed increased cytotoxicity against HSF and VERO cell lines. 0.1%
Tween 80 with an equivalent volume of the highest lutein concentration (100 μg/ml) showed 95.01±1.33,
89.39±3.04, and 102.108±0.11 cell viability percentage with HSF, VERO, and BNL, respectively.  Interestingly,
BNL cells showed tolerance for 1% Tween 80 as the equivalent volume of the highest concentration (100
μg/ml) showed a 100.99±3.72 cell viability ratio.

Table 4: Cytotoxicity results of free and nanodispersion carotenoids on 3 different normal
cell lines. 
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  HSF VERO BNL

0.1% Tween 80 >100* >100* >100*

1% Tween 80 65.56 ± 1.10a 28.107 ± 3.25a >100*

Lut >100* >100* >100*

SBc 24.54 ± 3.67b 18.11 ± 1.87a, b 22.04 ± 1.71a

EBc 35.76 ± 5.56b 17.91 ± 3.80a, b 34.57 ± 1.84a

Nano-Lut 59.16 ± 6.16a 21.67 ± 3.61a 30.99 ± 3.40a

Nano-SBc 25.92 ± 5.58b 6.57 ± 0.32b 27.91 ± 1.10a

Nano-EBc 51.52 ± 4.99a
1. ± 1.24b 27.8 ± 1.85a

Cytotoxicity IC50  was expressed as effective concentration (µg/ml).  Data labeled with the same letter in each
column (each cell line) denote non-significant differences and different letters denote significant differences at P <
0.05. * Donates the IC50 was more than 100 µg/ml (safe treatment).

Discussion
presented in this study conditions to formulate carotenoids in nanodispersions using Tween 80 as

an available surfactant and examined their physicochemical, antioxidant, and cytotoxic
properties compared with their free forms. Nano-Lut and Nano-SBc showed narrow particle
distribution, as reflected in PDI (Table 2), and monomodal peaks [Figure 3 (A and B)]. The
fabricated Nano-EBc showed an increase in the mean size diameter in comparison with Nano-
SBc, however, Nano-EBc showed a bimodal distribution. The bimodal distribution of Nano-EBc
might be due to their mixed structure of all-trans and cis isomers however, this was not
displayed by SBc because it consisted of all-trans isomers only. The narrow particle size
distributions represented by the PDI values observed from this study bode well for the
homogeneity of nanodispersions [40].

Ostwald ripening process is widely recognized as the main mechanism causing the instability of
nanodispersions. The narrow particle distribution would mean that the nanodispersions are
less susceptible to the Ostwald ripening process. Due to the expansion of large particles at the
expense of small particles, this phenomenon causes the average particle size to increase. In
this respect, it can be claimed that the Ostwald ripening phenomena is more evident in systems
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with a wide range of particle sizes [41, 42]. Thus, in the present study, we expect Nano-Lut
and Nano-SBc to be physically stable due to their observed PDI.

zeta potential's magnitude indicates the potential stability of colloidal systems. As the zeta
potential increases, repulsion between particles will be greater, leading to a more stable
colloidal dispersion. If all particles in suspension have a large negative or positive zeta
potential, then they will tend to repel each other and there will be no tendency for the particles
to aggregate [42]. In a nanodispersion system, the zeta potential of a particle can be used as
an indicator of long-term physical stability. The results of zeta potential measurements of the
produced nanodispersions were -28.6±6.4, -12.1±5.9, and -39.7±1.3 for Nano-Lut, Nano-SBc,
and Nano-EBc, respectively. These zeta potential values indicate that the prepared
nanodispersions have good physical stability.

loss of all the nanodispersions during the preparation in the present study was <20% (Table 2).
The final content of Nano-Lut and Nano-SBc were not significantly (p < 0.05) different from
each other (Table 2). This finding also indicates that the solvent displacement is a suitable
method for preparing sensitive compounds nanodispersions, as the final nanodispersions
contents shown were promising (>80%). 

size, PDI, zeta potential, and drug content of Nano-Lut were similar to the previously reported
lutein nanodispersions using 0.1% T80 prepared with the solvent displacement method. Tan et
al. [25,26] added the organic phase dropwise to the aqueous phase to prepare lutein
nanodispersion in the same manner as the present work. This nanodispersion had a smaller
particle size (≈75 nm), however, a higher PDI (0.22), a lower drug content (<85%), and a lower
zeta potential (-7.73±0.01 mV) in comparison to the results of the present study. In another
study [27], it was reported that the particle size and PDI were 123.1 ± 0.3 nm, and 0.155 ±
0.008, respectively with drug content (93.16%) after applying a similar preparation procedure
used in this study. Adding the organic phase to the aqueous phase dropwise produces a
smaller particle size with higher PDI in comparison to one-shot addition. This concept was
studied for lutein nanodispersions where the particle size and PDI were reported to be 70-80
nm and 0.18-0.2, respectively, when the addition was dropwise and was 120-140 nm and 0.14-
0.16 when added in a one-shot manner [28].

pared to the available literature, Bc nanodispersion was generated in the present study with
improved properties. Anarjan et al. [15]  using a similar method have generated Bc
nanodispersion by using acetone as the organic phase rather than n-hexane and homogenized
the mixture rather than stirring it with a magnetic stirrer. It was found that the particle size
was smaller (136.7 nm) however, the loss in Bc was significantly higher (59.4%). Bc (0.015%
w/v) and tween 20 (1%) were used to prepare nanodispersion with acetone as the organic
phase, the particle size was smaller, however, the distribution was bimodal, and the zeta
potential was -8.2 mV [31].  This can be explained by the fact that Bc is more soluble in n-
hexane than acetone which leads to better distribution and homogeneity, moreover, the higher
stability in our results could be attributed to the fact that the homogenizer produces high
energy that could harm heat-sensitive compounds as Bc. 
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UV-Vis spectra of the Lut, SBc, and EBc in comparison with their nanodispersions were
evaluated  in the present study. The pronounced hypsochromic spectral shift in the Nano-Lut
was an indication of the strong excitonic coupling owing to the close localization of adjacent
polyene chains. The Lut-Nano was much more absorptive in the UVA region of the
electromagnetic spectrum, meaning lutein converted to an H-aggregation structure  [43,
44].  The spectral shifts observed in Nano-SBc and Nano-EBc (bathochromic shift) could be
interpreted in terms of the formation of different coupled structures however, SBc (which
consists of all trans isomers only) was more incorporated in the nanodispersion system than
EBc (which consists of many isomers) [44, 45].

 analysis in the present study revealed potent antioxidant effects in all the assays for both free
and nanodispersion of carotenoids. Indeed, their chemical structure, which includes a long
conjugation of double bonds allows them to quench and stabilize free radicals  [6, 46]. This
explains their activity towards DPPH and ABTS assays which involve the reaction directly with
the free radicals. In DPPH and ABTS assays, the free radicals have distinguished colors that
fade away in the presence of a potent antioxidant. This decrease can be determined by simple
colorimetric approaches  [47]. Moreover, the ORAC assay involves the in-situ production of
peroxyl free radicals that can degrade fluorescein by oxidation. Therefore, the presence of an
antioxidant can delay this process (Figure 7). It can be suggested that their chemical structure
also allows them to exert antioxidant effects via electron transfer mechanism in addition to
proton transfer. This is concluded from the results of the FRAP assay that involves a redox

reaction to convert the Fe+3-TPTZ complex into Fe+2–TPTZ complex  [48]. Furthermore, the
results indicated another important activity as metal chelators indicated by ferrozine iron metal

chelation assay that relies on the converting principle of Fe+2, which can transfer single

electrons and form free radicals, into Fe+3 [49, 50]. Hence, it may be concluded that
carotenoids exert their antioxidant activity by different mechanisms.

observed that Lut was the most potent antioxidant among the tested carotenoids. In comparison
to the data in the literature, Jimenez-Escrig et al.  [51] contradict this result and found
that Bc has an IC50 value in DPPH assay of 2.26 ± 0.09 mole/mole DPPH while that of lutein is

3.29 ± 0.31 mole/mole DPPH. DPPH. However, the authors in this assay recorded the
absorbance after adding the DPPH solution at 580 nm without subtracting the compound color.
This was explained by the notion that the inherent interference of the compounds was
neglected at this wavelength, which was far from the maximum absorbance achieved by the
DPPH free radical. In our experiment, to minimize the interference of the carotenoids’ original
color, we used small concentrations and subtracted the resulting readings from blank samples
containing the carotenoids without DPPH solution at 517 nm.

our knowledge, the studies on carotenoid antioxidant activity used the actual weight of the
component, leading to variations from one study to another. Carotenoids are sensitive
components, they can easily degrade during storage or use, so the actual weight may lead to
misleading results. For this reason, we used the concentrations expressed as molar effective
concentrations rather than the conventional molar concentrations. This could also explain the
alteration in the order of potency reported by Tan, et al.  [52] who used the mg/mL
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concentration. However, this study confirmed that when the carotenoids are in liposomes, they
follow the same pattern of potency reported by our study regarding Lut and Bc. 

kova, et al.  [53] used the ABTS free radical assay to evaluate different antioxidant compounds,
including Lut and Bc. They found a slight difference in the activity of these two carotenoids,
with 100 µg/mL of lutein equivalent to just over 60 µg/mL of Trolox and Bc equivalent to about
70 µg/mL of Trolox. This measurement was assessed after only 5 minutes of incubation, which
may not have been enough to exert the effect because some plant-derived metabolites may
exhibit complex kinetic interactions with ABTS cation. This study also used the weight per
volume expression of concentration [54]. 

sidering the ORAC assay, our findings were similar to those obtained by Zulueta et al. [55] where
the activity of Lut was twice that of Bc. However, we evaluated the carotenoids in comparison
to the fluorescein with the same excitation and emission wavelengths used in the ORAC to
assess compounds’ intrinsic fluorescence according to the significant difference between the
activity of lutein and the standard Trolox and β-carotene in our results, and we found that there
was no significant intrinsic fluorescence detected. This indicates that the ORAC assay might be
a convenient assay to assess the carotenoids’ antioxidant capacity, however, it was unreliable
to assess their nanodispersion due to vehicle interference.

restingly, it was observed that the carotenoid  nanodispersions are less reactive than their free
compounds in DPPH and ABTS assays and more reactive towards FRAP and ferrozine (Table 3).
Although it is well-reported that advanced drug delivery systems enhance the bioavailability of
carotenoids and hence their activity  [56], DPPH and ABTS are in-vitro cell-free assays where
the reagents are dissolved in methanol, and their interaction with the tested samples or
formulas is purely chemically based. Therefore, the decrease in activity towards these assays
may be explained due to the interference of the solvent and/or the T80 in the formula with the
reaction. Indeed, being lipophilic compounds, carotenoids prefer organic solvents to water to
dissolve in [23], and the presence of alcohol in ABTS and DPPH assay as a solvent for the free
radicals might encourage the reaction with the free carotenoid. It is distributed fairly in the
medium of the reaction while it might disrupt the distribution of molecules between the nano-
system and the reaction media preventing some molecules from the reaction. 

ontrast with FRAP and iron metal chelation assays, the reagents in these two assays were
dissolved in aqueous media, this allowed better distribution of the nanodispersion particles in
the medium of the reaction than the distribution of the free molecules that aggregated in
water. Hence, in the case of FRAP and metal chelation assays, nanodispersion reduces the
tension in the reaction medium while disturbing the distribution of molecules in the case of the
free radical-scavenging assay (DPPH and ABTS).

worth mentioning that the results of DPPH and FRAP contradict some previous reports where the
formulated carotenoids exerted better results. As previously mentioned, the results of Tan et
al.  [52] reported an increase in the activity toward DPPH and FRAP assays when the
carotenoids were in liposomes. However, each drug delivery system has distinctive
characteristics.
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arding the ORAC assay, although it followed the same order of potency as the other investigated
assays, the formulated compound interfered with the results where the vehicle of the formulas
(Tween 80 with the same ratios and deionized water) masked the results and delayed the
oxidative degradation of fluorescein with unreproducible results in independent trials. For this
reason, we excluded this assay in the comparison of the tested nanodispersions.

n the activities of the EBc and SBc were compared, EBc showed greater potency as an
antioxidant agent. This can be explained by the notion that different isomers exert a synergistic
effect; each isomer reacts with the target in different potencies that altogether adds up to the
final activity, as documented in earlier studies  [57-62]. To our knowledge, studies that
compared the EBc and SBc in terms of in-vitro cell-free antioxidant assays or even in vivo
studies were scarce. Liu et al.  [63] found the potential and equal activity of the all-trans
isomers of SBc  and the natural 9-cis  β-carotene  isomer using enhanced human neutrophil
chemiluminescence. An earlier study concluded that the natural 9-cis isomer is a more potent
antioxidant than all-trans isomers of SBc  [64]. This was concluded by the reduced amount of
serum oxidized digenic products of human subjects supplemented with natural 9-cis  β-
carotene isomer compared to others supplemented with all-trans isomers of SBc. On the other
hand, Lavy et al.  [65] found that although Bc in the two forms can bind efficiently to low-
density lipoprotein (LDL), the synthetic one is two folds more active than the natural
counterpart in terms of LDL lipid peroxidation. 

refore, the antioxidant effect of the isomers should be more readily investigated in terms of in-
vivo and in-vitro approaches. The mentioned studies used the actual weight/concentration and
compared only the all-trans isomers of SBc  with 9-cis natural Bc, which led to a misleading
comparison because the natural sources of Bc differ in their effective amount and contain many
Bc isomers not only 9-cis isomer. In the present study, EBc from carrots contains the two
mentioned isomers; all trans and 9-cis isomers, in addition to the 13-cis isomer (detailed in the
supplementary data). It could be concluded that the natural mixture provides a higher activity
compared with SBc. Additionally, all performed assays showed that EBc has greater antioxidant
activity than SBc. This was also found when these three ingredients were formulated as the
nanodispersion system; Nano-Lut remained more potent than Nano-EBc and Nano-SBc. 

result showed that Lut was less cytotoxic against HSF, VERO, and BNL cell lines, (IC50 more than

100 μg/ml), it was significantly (P<0.05) safer than Bc from the two sources and this might be
due to Bc can turn from an antioxidant agent to a prooxidant agent [66-69]. 

all the investigated cell lines, the cell tolerance did not substantially differ between SBc and EBc.
A similar observation was made for the Nano-SBc and Nano-EBc with VERO and BNL. However,
there was a significant (P<0.05) difference against HSF, where Nano-SBc was twice as toxic as
Nano-EBc. The IC50 value of Bc was not significantly (P<0.05) affected after forming the

nanodispersion in all tested cell lines except in the case of EBc and Nano-EBc against HSF.
Nano-Lut was significantly more cytotoxic than its free form with HSF, VERO, and BNL. The
variation in IC50 values for each cell line was anticipated as each species' and organ's tolerance

varies depending on biocompatibility and the requirement for carotenoids [70, 71].
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he best of our knowledge, the cytotoxicity of carotenoid nanodispersions was not yet studied
against normal cell lines to investigate the safety of their use. However, the safety of Lut, SBc,
and EBc was assessed against some normal cell lines. 

normal breast cell lines, MCF-10A exhibited 95% viability after 48 hours when treated with a
range of concentrations up to 100µg/mL lutein extracted from Calendula flowers  [72].
Equivalent results against the same cell line were obtained in another study with lutein and β-
carotene extracted from spinach with a dose of 20 µM and an incubation period of 72
hours  [73]. Moreover, another study confirmed the safety of lutein and β-carotene against
primary mammary epithelial cell line (PmECs) at a low range of concentration up to 2µM for 48
hours  [74]. However, the characteristics of the tested carotenoid in terms of purity or
stereochemistry were not examined, no toxicity was observed on the normal colon cell line
(CCD 841 CoTr) when treated with lutein extracted from spinach at a dose of up to 10µM for
48 hours  [75]. The same pattern was observed with the human bronchial epithelial cell line
(BEAS-2B) when these cells were treated with  Lut or Bc for 48 h with a narrow range of
concentrations (0, 0.5, 1, and 2 µM) [76]. Furthermore, free and chitosan alginate polymeric
nanoparticles of lutein (particle size of 98±5 nm and zeta potential of 38±4 mV) extracted from
marigold petals were evaluated on human retinal pigment epithelial (ARPE-19) cell line at a
dose up to 50µM for 24 hours [77]. Accordingly, it can be concluded that carotenoids exert a
selective toxic effect on cancer cell lines and high safety profiles to normal cells [72-77].

Conclusion
The current study focused on the formulation of Lut, EBc, and SBc nanodispersions using the solvent
displacement method in comparison with their free forms. Furthermore, it examined the distinction between
carotenoids extracted from natural sources and those from synthesized sources. The solvent displacement
technique was effectively used to produce Nano-Lut, Nano-EBc, and Nano-SBc and showed an effective
performance of carotenoids in an aqueous medium owing to Tween 80. Our study in comparison with
earlier studies emphasized the importance of quantizing carotenoids as an effective weight/ concentration.
As carotenoids are active and sensitive antioxidants, the use of actual weight/ concentration only does not
reflect their actual activity, leading to an enormous difference between one source and another. Our
research showed that Lut and Bc properties are influenced by a variety of variables, including the source
(extracted or synthetic), the environment (the level of free radicals, type of cells, etc.), and the used
isomer(s). As noticed, most of the previous literature used actual weight/concentration while in our study
we used the effective concentrations, and both proved the safety on the most normal cell lines. The
cytotoxicity assay was conducted in a completely stress-free optimal environment. We may infer from the
cytotoxicity assay results and the antioxidant activities that carotenoids need to be studied more
thoroughly under various situations to understand their chemical and physical stabilities in their different
applications.
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Figure 1

Beta carotene and Lutein chemical structure
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Figure 2

Procedures of extraction and purification of Lutein from Marigold flower
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Figure 3

Size distribution of nanodispersions determined by dynamic light scattering (DLS) for Nano-Lut (A), Nano-
SBc (B), and Nano-EBc (C).
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Figure 4

UV-Vis’s spectra of Lut+Nano-Lut (A), SBc+Nano-SBc (B), and EBc+Nano-EBc (C).
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Figure 5

A: ABTS, B: FRAP, and C: Ferrozine activities of the different carotenoids and their nanodispersions forms
as compared to standards in molar concentrations. Bars represent the average values with the standard
deviations. Bars labeled with the same letter denote non-significant differences and those with different
letters denote significant differences at P < 0.05.

Figure 6

DPPH free radical inhibition curves achieved by different concentrations of the tested carotenoids and their
nanodispersions. X-axes represent the logarithmic value of the effective concentration while the y-axis
represents the average % of free radical inhibition ± SD.
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Figure 7

Fluorescein oxidative decay curves for 120 minutes achieved when applying 50µM effective concentration
of the three carotenoids. The delayed decay increases the area under the curve, and this indicates better
antioxidant capacity.
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