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Abstract: This study reports synthesis and characterization of nanocomposite matrices
(NP) designed to fight aging/photoaging of the skin. All materials used in the preparations
were nontoxic, sustainable and beneficial to the skin. Zein (Z), from corn, is a moisture
attractor. Lupulone (L) from hops is anti-inflammatory, antioxidant, antibacterial, stimulates
circulation and collagen production, and has calming effect. Gum arabic (GA), from acacia
trees, is used in foods as stabilizer/emulsifier. Chitosan (C), from chitin, is recommended
by its properties: antioxidant, antibacterial, and filmogenic. A green procedure was used in
the synthesis, replacing ethanol (typically used to dissolve Z/L) with 80:20 propylene glycol
in water. The NP were characterized by FTIR, encapsulation efficiency of L, SEM, size and
zeta potential. Antioxidant assays showed activity in all NP. They were assayed against
MMP-1 (collagenase) as well. NP containing only Z and GA stimulated MMP-1 activity,
which recommends them for use in wound healing. Those containing L too displayed
inhibitory activity against MMP-1, stronger as L content increases. This anti-collagenase
effect recommends them for use as anti-aging agents. Kinetic studies of L release from NP
displayed levels too low for practical applications. To address this problem, in another set
of preparations, C was added in the synthesis. The intent was to mitigate the strong lipophilic
Z-L interactions. L release was positively impacted by C presence in the matrices. Increase
due to C presence was afforded in antioxidant activity as well, although more modest than
expected, since C is a known antioxidant. The anticollagenase activity was present and
displayed the same variation as in the NP without C. The nanomatrices described are
antioxidants, moisture attractors, and collagen synthesis stimulators which makes their
promise to defy ageing very clear.
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Lupulona incapsulaté in Nanoparticule Promite Sa
Incetineascii Imbitranirea

Rezumat: Acest studiu raporteaza sinteza si caracterizarea unor nanomatrice (NP)
concepute sa combatd Tmbatranirea/fotoimbatranirea pielii. Toate materialele folosite in
preparare sunt netoxice, naturale si folositoare pielii. Zeina (Z), din porumb, este hidratanta.
Lupulona (L), din hamei, este antiinflamatoare, antioxidanta, antibacteriana, stimuleaza
circulatia si productia de colagen si are efect calmant. Guma arabica, din rasina pomilor
acacia, este folosita in alimente ca stabilizator/emulsificator. Chitosanul (C), obtinut din
chitind, este antioxidant, antibacterian si filmogenic. Sinteza, eco-friendly, a inlocuit
etanolul (folosit pentru dizolvarea Z/L) cu 80% propilenglicol in apd. NP au fost
caracterizate prin FTIR, eficienta incapsuldrii pentru L, SEM, marimea particulelor si
potential zeta. Toate NP au demonstrat efect antioxidant. Testate Tmpotriva MMP-1
(colagenaza), NP continand numai Z and GA au stimulat activitatea enzimei, ceea ce le
recomanda pentru tratarea ranilor. NP continand si L au avut efect inhibitor, mai puternic la
continut ridicat de L. Efectul anticolagenaza recomanda aceste NP pentru aplicatii ca agenti
anti-imbatranire. Fiindca viteza eliberarii L din NP nu a atins valori practice, un alt set de
NP a fost preparat In care s-a addugat C pentru a atenua interactiunile lipofile Z-L. C a fost
benefic pentru cinetica eliberarii L si a contribuit la cresterea activitatii antioxidante a NP,
dar nu la nivelul anticipat. Activitatea anti-colagenaza a fost prezenta cu aceleasi variatii ca
in setul de NP fara C. Proprietatile matricilor prezentate (efect hidratant, antioxidant,
stimulator al sintezei colagenului) le recomanda ca agenti ce combat imbatranirea pielii.

Cuvinte cheie: chimie, nanoparticule, zeina, lupulona, antioxidant, collagen, MMP-1
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Skin care products which fight chronological aging and photoaging are of high interest
in a time when the number of seniors is on the rise. Adding to this the effect prolonged
exposure to UV radiation has (sunburn, inflammation, oxidative stress,
photocarcinogenesis), such products have become of general interest. Ultraviolet radiation
(all ranges) is particularly dangerous due to the potential to damage collagen in the
extracellular matrix (ECM), which in some cases can lead to fully stopping collagen
synthesis (Pandel et al., 2013). Topical applications used as protection are not very effective
due to the barrier represented by the stratum corneum in the epidermis (Leonida & Kumar,
2016). Due to their size, nanomaterials have a strong penetration power into living tissues
and, due to their large surface to volume ratio, allow use of lower doses for efficient
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Figure 1. Preparation of composite matrices containing Z/L in different ratios
(2:3 Z:GA 1n all preparations)

The present study reports the synthesis and characterization of nanocomposite matrices
designed to address these concerns: chronological aging of skin, oxidation due to oxygen in
the air, environmental agents, and bioavailability of bioactive agents. All materials used in
the preparations were GRAS (generally regarded as safe) compounds obtained from natural
sources. Zein (Z), a protein from corn rich in prolamin, is a powerful moisture attractor
(Leonida et al., 2023). Lupulone (B-acid, L) from hops helps reduce inflammation, is
antioxidant, antibacterial, stimulates circulation in the skin and collagen production, and has
a calming effect (Natarajan et al., 2008). Gum arabic (GA), obtained from the sap of acacia
trees, a mixture glycoproteins/ polysaccharide, is used in the food industry as
stabilizer/emulsifier (Leonida et al., 2023). Chitosan (C) is an inexpensive biopolymer
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obtained from chitin by deacetylation and is recommended by its filmogenic, antioxidant
and antibacterial properties (Leonida et al., 2011). An environment-friendly, antisolvent
procedure was used in the synthesis, which replaced the ethanol typically used to dissolve
zein and lupulone with 80:20 propylene glycol in water. (Figure 1). Different Z:L ratios
were used in the preparations.

FTIR spectra of the composites displayed the presence of all components and efficient
L encapsulation. They evidenced the same type of complex interactions like those between
zein and another lipophilic agent a-tocopherol in a matrix where GA was replaced by C
(Luo et al., 2011) , although the particles were larger in the present study (Table 1, adapted
from (Leonida et al., 2023), with permission). The encapsulation efficiency (EE) increased
as the ratio Z:L increased. The same trend was displayed when peppermint oil was
encapsulated in zein-based nanomatrices (Luo et al., 2011) while higher EE values were
reported for L encapsulated in a hydrophilic matrix (Leonida et al., 2018).

Table 1. Characterization of the composites containing different Z.:Ly ratios. Z:GA was
2:3 in all samples. Size and zeta potential values for nanoparticles suspended at 1 g/L in
propylene glycol:water (80:20)

Sample Encapsulation Efficiency Size Zeta Potential
(%) (nm) (mV)
Z-GA N/A 306 24.1
Z1-GA-Ly 29.2 467 11.2
Z>-GA-Ly 33.7 548 13.8
Z4-GA-Ly 60.3 909 12.8

When L content was low, it is likely that L molecules were deposited on the surface of
zein nanoparticles, in addition of the migration into the lipophilic core, affording large size
complexes. As L content increased, rearrangements were likely (for example outward
migration) upon GA addition, which led to decrease in size. Luo et al (Luo et al., 2011) and
Nagibzadeh ef al (Naghibzadeh et al., 2010) reported the same trend for composites
encapsulating lipophilic agents in polysaccharide-based nanomatrices. GA, negatively
charged at pH 5, was used as stabilizer for the positively charged zein-based particles adding
its emulsifying effect as additional stabilizer for the complexes. A sharp decrease in zeta
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potential was recorded when neutral L was added, before complexation with GA. We relate
this to conformational changes in Z (evidenced by FTIR spectra) due to hydrophobic
interactions with L leading to decrease in the number of exposed positive charges. The
positive zeta potential values are a good predictor of antibacterial activity of the discussed
particles. Scanning electron microscopy (SEM) studies did not show morphological
differences between nanocomposites with and without L.

Antioxidant assays showed activity in all composites (Figure 2). A remarkable finding
was the antioxidant effect of the Z:GA nanoparticles, while none of the components is a
known antioxidant. This observation is ascribed to the benefits of delivery at the nanolevel.

Collagenases, a type of metal metalloproteinases (MMP-1, MMP-8, MMP-13) degrade
triple-helical collagen. In healthy tissues, endogenous inhibitors like tissue inhibitors of
metalloproteinases (TIMPs) maintain homeostatic balance in their activities (Kumar et al.,
2024). Under various pathological conditions, that balance is disrupted by either the over-
or underexpression of MMPs or TIMPs. Skin exposure to UV radiation results in
overexpression of MMPs (Gimeno et al., 2021) leading to degradation of the collagen and
elastic fibers, including microfibrils in the skin. The result is skin sagging and wrinkle
formation. MMPs play an essential role in the wound healing/tissue remodeling process
(Leonida & Kumar, 2016). MMP-1 is found to be important in the migration of cells like
keratinocytes resting on fibrillar collagen, and also in angiogenesis (Caley et al., 2015).
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Figure 2. Antioxidant activities of the Z:L and Z:L:C samples, all at 2:3 Z:GA ratio
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Kinetic studies conducted for the release of L from composites displayed sustained
profiles over 7 days (Figure 4, adapted with permission from (Leonida et al., 2023)). All
particles showed initial “burst effect” due, presumably, to the release of L adsorbed on the
surface of the lipophilic particles. This is longer (one day) than the same effect recorded for
the release of L from hydrophilic matrices (chitosan-tripolyphosphate, ~ 4 h) (Leonida et
al., 2018). However, the levels released were too low for practical applications. To address
this problem, in another set of preparations, C was added in the synthesis, at two different
Z:C ratios (10:1 and 20:1) and using the same Z:L ratios as for the first set. The intent was
to modulate the strong lipophilic interactions between Z and L. The release of L was
positively impacted by C presence in the matrices and increased with increase in C content
in the preparation.
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Figure 3. Influence of the Z:L and Z:L:C samples, all at 2:3 Z:GA ratio, on MMP-1
activity
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C presence afforded an increase in antioxidant activity of the composites as well (Figure
3), although more modest than anticipated, since chitosan is a known antioxidant. The
lower-than-expected antioxidant activity in both types of particles may be correlated to the
difference in time scale between the L release (slow kinetics) and the time required by the
antioxidant assay (minutes).

The anticollagenase activity was present and displayed the same variation like in the
nanoparticles without chitosan (Figure 4). It is remarkable that the composites displayed
anticollagenase activity at all if we take into account the slow kinetics of the release and the
difference (several orders of magnitude) between the concentration of L in the assay of the
control sample compared to the one in the MMP-1 assay of the particles containing L. The
effect of lupulone was powerful enough to mitigate the potent MMP-1 activating effect of
zein in the particles. It is more difficult to assess the impact of C presence in the matrix on
enzyme activity probably due to the masking effect of the comparatively high Z content.

The nanocomposites reported herein have potential for use in formulations for skin
treatment and skin care. The particles containing only Z-GA, powerful activators of MMP-
1, have promise for wound healing and tissue remodeling. Addition of filmogenic C may
open the possibility of delivery in self-sticking bandages. The presence of L in some of the
composites is beneficial for topical applications in which it may mitigate the occurrence of
contact dermatitis and pruritus reported in hop pickers (Cookson & Lawton, 1953). The
nanomatrices described herein are antioxidant agents, moisture attractors, and collagen
synthesis stimulators which makes their promise to defy ageing very clear.

References

Caley, M. P., Martins, V. L. C., & O’Toole, E. A. (2015). Metalloproteinases and wound
healing. Advances in Wound Care, 4(4), 225-234.
https://doi.org/10.1089/wound.2014.0581

Cookson, J. S., & Lawton, A. (1953). Hop dermatitis in herefordshire. BMJ, 2(4832),
376-379. https://doi.org/10.1136/bm;.2.4832.376

Gimeno, A., Cuffaro, D., Nuti, E., Ojeda-Montes, M. J., Beltran-Debon, R., Mulero, M.,
Rossello, A., Pujadas, G., & Garcia-Vallvé, S. (2021). Identification of Broad-
Spectrum MMP Inhibitors by Virtual Screening. Molecules, 26(15), 4553.
https://doi.org/10.3390/molecules26154553

Kumar, 1., Silva, M., Choudhary, D. A., Alj, S. F., Rusak, R., Cotzomi, P., Wiecek, S.,
Sato, 1., Khundoker, R., Donmez, B., Gabriel, S., Bobila, M., Leonida, M. D., & Traba,
C. (2024). Small molecular exogenous modulators of active forms of MMPs.
Biochimie, 223, 125-132. https://doi.org/10.1016/j.biochi.2023.10.021

Leonida, M. D., Banjade, S., Vo, T., Anderle, G., Haas, G. J., & Philips, N. (2011).



ARA Journal of Sciences, nr 8 (2025) | 35

Nanocomposite materials with antimicrobial activity based on chitosan. International
Journal of Nano and Biomaterials, 3(4), 316.
https://doi.org/10.1504/IJNBM.2011.045885

Leonida, M. D., Belbekhouche, S., Benzecry, A., Peddineni, M., Suria, A., &
Carbonnier, B. (2018). Antibacterial hop extracts encapsulated in nanochitosan
matrices. International Journal of Biological Macromolecules, 120, 1335-1343.
https://doi.org/10.1016/j.ijbiomac.2018.09.003

Leonida, M. D., & Kumar, I. (2016). Bionanomaterials for Skin Regeneration. Springer
International Publishing. https://doi.org/10.1007/978-3-319-39168-7

Leonida, M. D., Kumar, 1., Benzecry, A., Song, J., Jean, C., & Belbekhouche, S. (2023).
Green synthesis of zein-based nanoparticles encapsulating lupulone: antibacterial and
antiphotoaging agents. ACS Biomaterials Science & Engineering, 9(11), 6165-6174.
https://doi.org/10.1021/acsbiomaterials.3c01225

Luo, Y., Zhang, B., Whent, M., Yu, L. (Lucy), & Wang, Q. (2011). Preparation and
characterization of zein/chitosan complex for encapsulation of a-tocopherol, and its in
vitro controlled release study. Colloids and Surfaces B: Biointerfaces, 85(2), 145-152.
https://doi.org/10.1016/j.colsurfb.2011.02.020

Naghibzadeh, M., Amani, A., Amini, M., Esmaeilzadeh, E., Mottaghi-Dastjerdi, N., &
Faramarzi, M. A. (2010). An Insight into the Interactions between o -Tocopherol and
Chitosan in Ultrasound-Prepared Nanoparticles. Journal of Nanomaterials, 2010(1).
https://doi.org/10.1155/2010/818717

Natarajan, P., Katta, S., Andrei, I., Babu Rao Ambati, V., Leonida, M., & Haas, G. J.
(2008). Positive antibacterial co-action between hop (Humulus lupulus) constituents
and selected antibiotics. Phytomedicine, 15(3), 194-201.
https://doi.org/10.1016/j.phymed.2007.10.008

Pandel, R., Poljsak, B., Godic, A., & Dahmane, R. (2013). Skin Photoaging and the Role
of Antioxidants in Its Prevention. ISRN Dermatology, 2013, 1-11.
https://doi.org/10.1155/2013/930164



	1.1.1 Discussion
	I. INTRODUCTION
	II. ENVIRONMENT CREATION FOR AUTOMATED OPTIMIZATION PROCESS
	III. PRACTICAL IMPLEMENTATION OF AI FOR DESIGNING AND OPTIMIZING ACTIVE AND PASSIVE CIRCUITS
	IV. CONCLUSION
	REFERENCES
	Introduction
	Gregory as a Common Person
	Solitude
	Health problems
	The Lamentations
	The reproaches
	Christ, the last refuge
	The consolation
	Conclusions



