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Abstract

New hand sanitizer designs with eco-friendly components such as aloe vera and copper can allow pharmaceutical companies to bring
enhanced applications onto the market while demonstrating simple and inexpensive preparations associated with improved microbial
effectiveness. Alcoholic or non-alcoholic hand rubs are distinctively major classes of hand sanitizer platforms that can be prepared into hydrogels
to address solutions for improved formulations. The innovative-utility of these hydrogels seems to be limited only by their ingredients and thus
novel materials like copper or aloe vera can lead to optimization of anti-bacterial and anti-viral properties of sanitizers, and therefore a diversified
product that may aid further research related to high demands of safe and sustainable materials to combat the current pandemic of COVID-19.
The customized designs of starch or cellulosic hydrogels may ensure the diversity and right quality of incorporating these components needed
for biocidal activity against microbes in the suggested hand sanitizers. Furthermore, the discussed sanitizer of copper and aloe vera combined in
starch or cellulosic hydrogels are believed to exert enhanced texture, tone, and elasticity upon topical application due to their properties that may
delve into the enzymatic activities required for less prevalence of skin lesions commonly known in traditional hand sanitizers.
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Introduction

Hand sanitizers are increasingly being used worldwide to
limit spreading of infection outbreaks such as COVID-19. However,
combining information at the desired antipathogenic effect and
preferred method of application is vital for developing hand
sanitizer that achieve best therapeutic performance to supplement
hand washing. In this context, hand sanitizers as gel rubs are
shown in the preferred form to achieve skin hygiene compliance
with instant or immediate effect, which are broadly classified into
two types of alcohol-based or alcohol-free rubs [1,2]. In term of
effectiveness, these types are almost similar even for coronavirus;
however, while non-alcoholic preparations appear more eco-
friendly that is highly demanded by consumers to have green
products to alleviate human and environmental safety concerns
[3-5], alcoholic rubs are currently considered as international
standard and frequently used in homes and communities [6,7].
Alcoholic sanitizers could eliminate microbes relatively quickly
and can be bio-sustainability produced; however, excessive
application of alcoholic sanitizers is highly associated with
irritation and skin damage through causing dryness, cracking, and
changing the skin normal flora [8]. It is therefore suggested that
using herbal non-alcoholic sanitizer could overcome these issues
and produce more benefits to the skin, while being as effective in
eliminating microorganisms.

In this article, we will briefly review and collate potential
extension that can be introduced to the two-common hand-
sanitizer types, with possible composition combinations as major
feat to look for adding trending natural agents such as copper or
ingredients derived from aloe vera plant (mainly leaf gel extract)
to mitigate potential adverse skin and environmental impact while
maintaining bio-inactivation of the targeted microorganisms.
A focus has been placed on gel rubs in form of natural and
biodegradable hydrogels to achieve the highest value of this hand
sanitizer, while minimizing waste considering excessive use of
sanitizing products in the coronavirus pandemic. Hydrogel is
often recommended as an effective approach in obtaining stable
formulations, which is easy to disperse and present a feasible
product to have an acceptable skin feeling [2,9]. The biocidal
properties and contribution to impaired skin wound healing of the
suggested green components of this sanitizer in form of copper
and aloe vera gel extract will be also highlighted.

Hydrogel: starch and cellulosic derivatives-based

The concept behind hydrogels involves production of three
dimensional, hydrophilic, cross linked polymeric network that
swells with water [10,11]. The hydrogel propagates to include
natural and synthetic polymeric ingredients, which could be used
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fundamentally for its classification, though iterative classification
may include properties of these polymers such as, configuration,
electrical charge, and physical appearance. In particular, natural
hydrogels based on starch or cellulosic derivatives potentially
point to a significant increase in the versatility of hosting novel
ingredients with an adaptive capacity to form homogenous
products, and thereby these types are equally important for
possible incorporation of the suggested ingredients in this review
of copper or aloe vera components.

Starch hydrogels

While synthetic hydrogels may appear more reproducible,
natural hydrogels especially
more abundant, relatively inexpensive, and can show better
biocompatibility and biodegradability with an acceptable
consistency [12,13]. Recent studies of Starch hydrogel showed that
this preparation may contribute to anti-microbial effect against

and starch derivatives are

both gram-negative and gram-positive bacteria [14-16]. For
example, gelatinized starcare network offered oxidation stability
of the used metal ion in copper nanoparticles (Cu NPs), which is
essential for its biocidal activity [16]. Versatility by design can be
applied to starch using different innovative yet green technologies
to impart the desired functionalities [17]. For example, dry
heating of starch used for hydrogel preparation might result in
improved textural properties necessary for patient compliance
upon applying the targeted hand sanitizer [18]. However, oxygen
barrier activity of starch with limited water permeability, which
are required for antimicrobial functionality, should be assessed
during these modifications, and can be linked to the amorphous
fractions of the processed or resourced starch [19,20].

Cellulosic derivatives hydrogels

Low cost and flexibility of performance modulation from
principal and natural types of cellulosic derivatives-based
excipients provide a large literature on their ample number of
applications. Therefore, progressive attention is received towards
their ability to host complex and new materials for potential
innovative pharmaceutical products. Indeed, cellulosic derivatives
have been used widely to produce stable natural hydrogels [21-
23]. Two are the common ways to support stability in cellulosic-
based hydrogel systems: sorption up to a certain extent of the
embedded ingredient, for instance, this was utilized for the
purpose of preserving the active metal forms towards a certain
application, and finally reinforcing as a shear thickening material
[24,25]. As an efficient bio-sorbent, cellulosic derivatives have
been investigated to host the biocidal active form of copper metal
of cupric ions (Cu?*) into their hydrogel network. The accessibility
of these Cu** ions onto the active sites of the hydrogel were
facilitated and preserved, thus enhancing its antimicrobial activity
and adsorption performance [26,27]. Therefore, it is a viable
option for the innovation of developing an effective hand sanitizer
based on copper, or cupric ions.
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Hydrogels in handrub sanitizers: Benefits and
considerations for alcohol and non-alcohol-based
sanitizers

In response to customer compliance, hydrogel hand sanitizers
are now often used. Unlike liquid sanitizers, their semi-solid
characteristics have been reported with high covering, better
dispensing control, and less handling difficulties [28]. Hydrogels
can be used for alcohol-based or alcohol-free sanitizers. In these
two types of sanitizers, alcohol-free is more favorable or safe for
children, with limited irritation level to the skin. On the other
hand, the return for using alcohol-based sanitizer is more, in terms
of broader spectrum antimicrobial efficacy [29,30]. Percentage,
type of alcohol and its contact time highly affect the efficacy
and expected biocidal effects of alcohol-based sanitizer [31].
Therefore, hydrogel could be used for this type to ensure better
safety through reduction of the evaporation rate of alcohol and
thus lower the needed amount of alcohol, in addition to offering
a relatively prolonged contact time [32]. Hydrogels could also
contribute to better performance of non-alcoholic sanitizer. This
may be achieved through hydrogel versatility or ability to integrate
diverse chemical compounds, which are the major determinant of
this sanitizer performance [2].

Copper: re-framing into hydrogels for potential
hand sanitization

Foresight studies suggest future focus on copper as a vital
resource that develops a sustainable strategy to meet high
demands for topical antimicrobial products, such as hydrogel hand
sanitizers [33]. Copper ions or complexes have been investigated
widely in their potential to disinfect various media including solids,
liquids, and human tissues [34]. It is hypothesized that copper
could induce elimination of microorganisms via contact killing
and lipid peroxidation. Decrypting how copper affects microbes
negatively relies on its oxidation state or ion form, in addition
to the available concentration. For example, copper is found at
low concentrations in bacterial cells because it is an integral
part of the cuproenzymes necessary in their life cycle. However,
a relatively higher concentration of copper will cause an ionic
imbalance leading to an excessive production of reactive oxygen
species (ROS), which could initiate the bacterial cell death through
damaging their cell membranes, DNA, and proteins [35]. This
mechanism is referred to as contact killing in which copper starts
to leach into ions when in contact with a surface, thus accumulating
small aqueous space between the surface and bacterial membrane
usually in the mM range that facilitates reactive oxygen species
(ROS) production causing lipid peroxidation, hindrance of the
respiratory chain, DNA degradation, and discharging of iron-sulfur
cluster by inactivation of metalloproteins [34,35]. The extent of
copper ability to eliminate microorganisms depends on several
factors such as bacterial physiology, physiochemical properties of
copper (size, shape, and surface preparation), and environmental
conditions (presence of moisture or buffering agents) [34-36].
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Although both ions of copper can show broad-spectrum
antimicrobial materials against bacteria, viruses and fungi,
cuprous ion (Cu') is the most effective form in comparison to
the cupric ions (Cu?*) [37]. The redox cycle between these ions
catalyzes the production of short-lived hydroxyl radicals, which
contributes to higher biocidal activity [38]. Therefore, a depletion
of thiol and glutathione is expected and results in minimal ability
to repair the cellular membranes, DNA and proteins damaged from
this oxidative stress [35]. The mechanism of membrane damaged
by copper involves the ability of both cuprous and cupric ions to
bind into its components of the lipopolysaccharides, carboxylic
groups, and peptidoglycans. This binding will induce membrane
depolarization, which enables the leakage of cytoplasmic content
and thereby causing cell rupture within of less than one minute
of exposure [39,40]. It is worth to mention that this mechanism
peaks in the presence of unsaturated fatty acids, such are the ones
exist in mutant strains of E. coli bacteria, and thus make them
more susceptible to contact killing through lipid peroxidation
with copper [16,41].

Protein-damaging; however, is achieved by copper in a process
called mismetallation of proteins/enzymes and this involves metal
displacement reaction for native metals in metalloproteins of the
microbial cells. This has been shown to occur predominantly when
copper exist as a cuprous ion and consequently have an impact
on iron-sulfur clusters within enzymes, such as dihydroxyacid
dehydratase and isopropylmalate isomerase (IPM), a process
leading to inactivation of the key metabolic enzymes [42].
Furthermore, copper has been shown to affect the gene expression
involved in iron-sulfur scaffolding proteins, and therefore could
result in permanent damage for the target enzymes of iron-sulfur
cofactors and progressively eliminates more microbes [43]. On
the other hand, potential antimicrobial action of copper through
contact killing induces DNA damage as a secondary event. Copper-
induced free radical products of hydroxyl groups (ROS), which
bind to DNA and cause oxidative cleavage of its structure at the
periplasmic site, thus leading to cell death [44,45]. With copper
metal having proved its antimicrobial effectiveness, its skin
cytotoxicity is a major aspect to be addressed for potential safe
hand sanitization. Sparse data is found on this aspect, and a low
prevalence of safety concern was proven in preclinical models.
However, this safety is linked to the oxidation level of this metal,
copper nanostructures, copper composites, its dose, in addition to
the integrity of the outermost layer of the skin [46-48].

A perspective on the sanitization effectiveness of
copper ions in the presence of aloe vera extract

Research currently is being conducted to retrieve the
knowledge developed anciently for therapeutic applications of
natural resources towards green and sustainable solutions and
eco-friendly ingredients, such as copper metal and the herbal
miracle of aloe vera. Copper is abundant earth transition metal
and low-cost redox center; besides the antimicrobial activity
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it has proven to promote wound healing in dermatology for
topical skin application through stimulation of collagen and
elastin upregulation and improves growth of new blood vessels
[38,49-51]. Similarly, aloe vera is naturally abundant and can
offer a range of applications that consist of antimicrobial activity
against bacteria, viruses, and fungi, in addition to the superior
skin healing effects that have been utilized extensively in cosmetic
products [52]. Aloe vera leaf gel is transparent, jelly-like, and
biocompatible material that consists of two key molecules; namely
aloin and aloe emodin, which belong to anthraquinones and are
mainly responsible for its antiviral and antibacterial effect [53].
Interestingly, antiviral activity of this aloe emodin can extend to
combat attack of enveloped and non-enveloped viruses, a unique
property thereof on dealing with COVID-19 [54]. In fact, aloe
vera contains several vitamins, enzymes, polymers, and minerals
including copper. Copper and glucomannan polymer in aloe vera
can play a role in its biocidal activity; however, this combination
has been associated with wound healing effect and imparting
flexibility to the skin. These were attributable to the stimulation of
antibodies’ production, release of growth factors and upregulation
of collagen and elastin fibers [38,55-58]. Moreover, aloe vera leaf
gel contains chlorophyllin’s that can serve as generator for free
oxygen radicals to kill microbes; mainly gram-positive bacteria,
when exposed to visible light [59-61].

This photosensitized property may create a stimuli-response
or smart system adequate for self-preserved formulation under
light conditions. Therefore, hand sanitizer that combines copper
and aloe vera extract is plausibly considered optimal to harness
the capabilities of these ingredients into good adsorbing and
preserving natural hydrogels, such as starch and -cellulosic
derivatives. This may entail a hand sanitizer that can be applied
ontoacontaminated cut with healing power, minimal skin irritation
and antimicrobial properties. The preparation of novel sanitizers
containing copper or aloe vera is still ongoing. Hand sanitizers
containing one or both components are not readily available or
limited. Recently, copper-containing sanitizers were investigated
and have shown promising potential to disinfect viruses in vitro
with prolonged time compared to alcohol containing sanitizers
[62]. Whereas aloe vera gel in alcohol-free hand sanitizer has
shown antimicrobial activity with stability concerns if considered
as an alternative to alcohol-based sanitizers [63].

Conclusion

A precise knowledge of more compact and novel designs of
hand sanitizers will provide new development opportunities
and improve current therapeutic outcomes. This mini overview
focuses on the preparation of hydrogels based and contain natural
and green components that may impart dual functionalities
suitable for injured skin and mainly eliminates bacteria and
viruses within several seconds of exposure. This article presents
a good first step towards advancement that can be introduced into
one product (i.e.,, hand sanitizer), which is on a high demand for
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the current pandemic conditions and serves as a good medium
towards reducing cost and supporting health system of an effective
product while being non-toxic to the environment.

References

1. Babeluk R, Jutz S, Mertlitz S, Matiasek ], Klaus C (2014) Hand Hygiene
- Evaluation of Three Disinfectant Hand Sanitizers in a Community
Setting. PLoS ONE 9(11): e111969.

2. Villa C, Russo E (2021) Hydrogels in Hand Sanitizers. Materials 14(7):
pp 1577.

3. Song, D (2016) BCIT School of Health Sciences, Environmental
Health and Heacock, H. Evaluating the effectiveness of alcohol-based
hand sanitizers compared to alcohol-free hand sanitizers. BCIT
Environmental Public Health Journal.

4. Golin A, Choi D, Ghahary A (2020) Hand sanitizers: A review of
ingredients, mechanisms of action, modes of delivery, and efficacy
against coronaviruses. American Journal of Infection Control 48(9):
1062-1067.

5. Nedumaran G, MM (2020) Green Marketing on Customer Behavior
Towards Usage of Green Products. SSRN Electronic Journal.

6. Who.int (2021) WHO calls for better hand hygiene and other infection
control practices.

7. Abuga K, Nyamweya N (2021) Alcohol-Based Hand Sanitizers in
COVID-19 Prevention: A Multidimensional Perspective Pharmacy 9(1):
64.

8. Clean freak com (2021) Hand Sanitizer: The Pros and Cons - The
Janitor’s Closet - A CleanFreak.com Blog Post.

9. Peppas N, Sahlin ] (1996) Hydrogels as mucoadhesive and bio adhesive
materials: a review. Biomaterials 17(16): 1553-1561.

10. Peppas LB, Peppas NA (1990) Dynamic and equilibrium swelling
behavior of pH-sensitive hydrogels containing 2-hydroxyethyl
methacrylate. Biomaterials 11(9): 635-644.

11.Bayat M, Wang K, Baghani M (2020) Visco-hyperplastic swelling
and mechanical behavior of tough pH-sensitive hydrogels: Theory
development and numerical implementation. International Journal of
Engineering Science 152: 103294.

12. Pal K, Banthia A, Majumdar D (2008) Effect of heat treatment of starch
on the properties of the starch hydrogels. Materials Letters 62(2): 215-
218.

13. Mitura S, Sionkowska A, Jaiswal A (2020) Biopolymers for hydrogels in
cosmetics: review. Journal of Materials Science Materials in Medicine
31(6): 50.

14. Abdollahi Z, Zare E, Salimi F Goudarzi I, Tay F et al. (2021)
Bioactive Carboxymethyl Starch-Based Hydrogels Decorated with
CuO Nanoparticles: Antioxidant and Antimicrobial Properties and
Accelerated Wound Healing In Vivo. International Journal of Molecular
Sciences 22(5): 2531.

15. Namazi H, Pooresmaeil M, Hasani M (2020) Oxidized starch/CuO bio-
nanocomposite hydrogels as an antibacterial and stimuli-responsive
agent with potential colon-specific naproxen delivery. International
Journal of Polymeric Materials and Polymeric Biomaterials p. 1-10.

16. Villanueva M, Diez A, Gonzalez ], Pérez C, Orrego M (2016) Antimicrobial
Activity of Starch Hydrogel Incorporated with Copper Nanoparticles.
ACS Applied Materials & Interfaces 8(25): 16280-16288.

17.Maniglia B, Castanha N, Le-Bail P, Le-Bail A, Augusto P, et al. (2021)
Starch modification through environmentally friendly alternatives: a
review. Critical Reviews in Food Science and Nutrition 61(15): 2482-
2505.

Resear. 2023; 10(1): 555780. DOI:10.19080/ARR.2023.10.555780

18. Maniglia B, Lima, D, Matta Junior M, Le-Bail P, Le-Bail A, et al. (2020)
Preparation of cassava starch hydrogels for application in 3D printing
using dry heating treatment (DHT): A prospective study on the effects
of DHT and gelatinization conditions. Food Research International 128:
108803.

19.Flores S, Haedo A, Campos C, Gerschenson L (2006) Antimicrobial
performance of potassium sorbate supported in tapioca starch edible
films. European Food Research and Technology 225(3,4): 375-384.

20. Eraricar S, Ida Idayu M, Nozieana K (2008) Characterization of the
mechanical, chemical and thermal properties of antimicrobial (AM)
starch-based films. Planta Medica 74(9).

21.TuH, Yu Y, Chen J, Shi, X, Zhou J, et al. (2017) Highly cost-effective and
high-strength hydrogels as dye adsorbents from natural polymers:
chitosan and cellulose. Polymer Chemistry 8(19): 2913-2921.

22.Alam, M, Christopher L, (2018) Natural Cellulose-Chitosan Cross-
Linked Superabsorbent Hydrogels with Superior Swelling Properties.
ACS Sustainable Chemistry & Engineering 6(7): 8736-8742.

23.Lin F Wang Z, Shen Y, Tang L, Zhang P, et al. (2019) Natural skin-
inspired versatile cellulose biomimetic hydrogels. Journal of Materials
Chemistry A 7(46): 26442-26455.

24. Udoetok, I, Wilson L, Headley ] (2016) Quaternized Cellulose Hydrogels
as Sorbent Materials and Pickering Emulsion Stabilizing Agents.
Materials 9(8): 645.

25.Musarurwa H, Tavengwa N, (2020) Application of carboxymethyl
polysaccharides as bio-sorbents for the sequestration of heavy metals
in aquatic environments. Carbohydrate Polymers 237: 116142.

26. Al-Enizi A, Ahamad T, Al-hajji A, Ahmed ], Chaudhary A (2018) Cellulose
gum and copper nanoparticles-based hydrogel as antimicrobial agents
against urinary tract infection (UTI) pathogens. International Journal
of Biological Macromolecules 109: 803-809.

27.Teow, Y, Kam L, Mohammad A (2018) Synthesis of cellulose hydrogel
for copper (II) ions adsorption. Journal of Environmental Chemical
Engineering 6(4): 4588-4597.

28. Greenaway RE, Ormandy K, Fellows C, Hollowood T (2018) Impact
of hand sanitizer format (gel/foam/liquid) and dose amount on its
sensory properties and acceptability for improving hand hygiene
compliance. Journal of Hospital Infection 100(2): 195-201.

29. McDonnell G, Russell AD (1999) Antiseptics and Disinfectants: Activity,
Action, and Resistance. Clinical Microbiology Reviews 12(1): 147-179.

30. Edmonds SL, Macinga DR, Mays-Suko P, Duley C, Rutter ], et al. (2012)
Comparative efficacy of commercially available alcohol-based hand
rubs and World Health Organization-recommended hand rubs:

Formulation matters. American Journal of Infection Control 40(6):
521-525.

31.Todd ECD, Michaels BS, Holah ], Smith D, Greig JD, et al. (2010)
Outbreaks Where food workers have been Implicated in the Spread
of Foodborne Disease. Part 10. Alcohol-Based Antiseptics for Hand
Disinfection and a Comparison of their Effectiveness with Soaps.
Journal of Food Protection 73(11): 2128-40.

32.Howes L (2020) What Is Hand Sanitizer, and Does It Keep Your Hands
Germ-Free? Chem Eng News 98: 12.

33.Ermini M, Voliani V (2021) Antimicrobial Nano-Agents: The Copper
Age. ACS Nano 15(4): 6008-6029.

34.Borkow G, Gabbay ] (2004) Putting copper into action: copper-
impregnated products with potent biocidal activities. The Faseb
Journal 18(14): 1728-1730.

35. Dauvergne E, Mullié C (2021) Brass Alloys: Copper-Bottomed Solutions
against Hospital-Acquired Infections? Antibiotics 10(3): 286.

How to cite this article: Esra’aA, Haitham B, Mohammad K, Munib S. Preparation of Copper/Aloe Vera-Based Hand Sanitizer: A Mini Overview. Ann Rev


http://dx.doi.org/10.19080/ARR.2023.10.555780
https://pubmed.ncbi.nlm.nih.gov/25379773/
https://pubmed.ncbi.nlm.nih.gov/25379773/
https://pubmed.ncbi.nlm.nih.gov/25379773/
https://pubmed.ncbi.nlm.nih.gov/33804917/
https://pubmed.ncbi.nlm.nih.gov/33804917/
https://pubmed.ncbi.nlm.nih.gov/32565272/
https://pubmed.ncbi.nlm.nih.gov/32565272/
https://pubmed.ncbi.nlm.nih.gov/32565272/
https://pubmed.ncbi.nlm.nih.gov/32565272/
https://pubmed.ncbi.nlm.nih.gov/33808754/
https://pubmed.ncbi.nlm.nih.gov/33808754/
https://pubmed.ncbi.nlm.nih.gov/33808754/
https://pubmed.ncbi.nlm.nih.gov/8842358/
https://pubmed.ncbi.nlm.nih.gov/8842358/
https://pubmed.ncbi.nlm.nih.gov/2090297/
https://pubmed.ncbi.nlm.nih.gov/2090297/
https://pubmed.ncbi.nlm.nih.gov/2090297/
https://www.sciencedirect.com/science/article/abs/pii/S0167577X07005010
https://www.sciencedirect.com/science/article/abs/pii/S0167577X07005010
https://www.sciencedirect.com/science/article/abs/pii/S0167577X07005010
https://pubmed.ncbi.nlm.nih.gov/32451785/
https://pubmed.ncbi.nlm.nih.gov/32451785/
https://pubmed.ncbi.nlm.nih.gov/32451785/
https://pubmed.ncbi.nlm.nih.gov/34374585/
https://pubmed.ncbi.nlm.nih.gov/34374585/
https://pubmed.ncbi.nlm.nih.gov/34374585/
https://pubmed.ncbi.nlm.nih.gov/34374585/
https://pubmed.ncbi.nlm.nih.gov/31955764/
https://pubmed.ncbi.nlm.nih.gov/31955764/
https://pubmed.ncbi.nlm.nih.gov/31955764/
https://pubmed.ncbi.nlm.nih.gov/31955764/
https://pubmed.ncbi.nlm.nih.gov/31955764/
https://pubmed.ncbi.nlm.nih.gov/28773767/
https://pubmed.ncbi.nlm.nih.gov/28773767/
https://pubmed.ncbi.nlm.nih.gov/28773767/
https://www.sciencedirect.com/science/article/abs/pii/S0144861720303167
https://www.sciencedirect.com/science/article/abs/pii/S0144861720303167
https://www.sciencedirect.com/science/article/abs/pii/S0144861720303167
https://pubmed.ncbi.nlm.nih.gov/29133089/
https://pubmed.ncbi.nlm.nih.gov/29133089/
https://pubmed.ncbi.nlm.nih.gov/29133089/
https://pubmed.ncbi.nlm.nih.gov/29133089/
https://www.sciencedirect.com/science/article/abs/pii/S2213343718303890
https://www.sciencedirect.com/science/article/abs/pii/S2213343718303890
https://www.sciencedirect.com/science/article/abs/pii/S2213343718303890
https://pubmed.ncbi.nlm.nih.gov/30012375/
https://pubmed.ncbi.nlm.nih.gov/30012375/
https://pubmed.ncbi.nlm.nih.gov/30012375/
https://pubmed.ncbi.nlm.nih.gov/30012375/
https://pubmed.ncbi.nlm.nih.gov/9880479/
https://pubmed.ncbi.nlm.nih.gov/9880479/
https://pubmed.ncbi.nlm.nih.gov/22264743/
https://pubmed.ncbi.nlm.nih.gov/22264743/
https://pubmed.ncbi.nlm.nih.gov/22264743/
https://pubmed.ncbi.nlm.nih.gov/22264743/
https://pubmed.ncbi.nlm.nih.gov/22264743/
https://pubmed.ncbi.nlm.nih.gov/21219730/
https://pubmed.ncbi.nlm.nih.gov/21219730/
https://pubmed.ncbi.nlm.nih.gov/21219730/
https://pubmed.ncbi.nlm.nih.gov/21219730/
https://pubmed.ncbi.nlm.nih.gov/21219730/
https://pubmed.ncbi.nlm.nih.gov/33792292/
https://pubmed.ncbi.nlm.nih.gov/33792292/
https://pubmed.ncbi.nlm.nih.gov/33801855/
https://pubmed.ncbi.nlm.nih.gov/33801855/

Annals of Reviews and Research

36. Heilmittel W (1994) Therapeutic preparations. Eckwalden/Bad Boll:
WALA-Heilmittel.

37.Sunada K, Minoshima M, Hashimoto K (2012) Highly efficient antiviral
and antibacterial activities of solid-state cuprous compounds. Journal
of Hazardous Materials 235-236: 265-270.

38.Borkow G (2015) Using Copper to Improve the Well-Being of the Skin.
Current Chemical Biology 8(2): 89-102.

39. Dalecki A, Crawford C, Wolschendorf F (2017) Copper and Antibiotics.
Microbiology of Metal lons 193-260.

40.Bleichert P, Espirito SC, Hanczaruk M, Meyer H Grass G (2014)
Inactivation of bacterial and viral biothreat agents on metallic copper
surfaces. BioMetals 27(6): 1179-1189.

41.Hong R, Kang T, Michels C Gadura N (2012) Membrane Lipid
Peroxidation in Copper Alloy-Mediated Contact Killing of Escherichia
coli. Applied and Environmental Microbiology 78(6): 1776-1784.

42.Macomber L Imlay J, (2009) The iron-sulfur clusters of dehydratases
are primary intracellular targets of copper toxicity. Proceedings of the
National Academy of Sciences 106(20): 8344-8349.

43. Chillappagari S, Seubert A, Trip H, Kuipers O, Marahiel M (2010)
Copper Stress Affects Iron Homeostasis by Destabilizing Iron-Sulfur
Cluster Formation in Bacillus subtilis. Journal of Bacteriology 192(10):
2512-2524.

44.Warnes S, Caves V, Keevil C, (2011) Mechanism of copper surface
toxicity in Escherichia coli 0157:H7 and Salmonella involves
immediate membrane depolarization followed by slower rate of
DNA destruction which differs from that observed for Gram-positive
bacteria. Environmental Microbiology 14(7): 1730-1743.

45. Powers S, Jackson M (2008) Exercise-Induced Oxidative Stress: Cellular
Mechanisms and Impact on Muscle Force Production. Physiological
Reviews 88(4): 1243-1276.

46.Shaheen TI, Fouda A, Salem SS (2021) Integration of Cotton Fabrics
with Biosynthesized CuO Nanoparticles for Bactericidal Activity in
the Terms of Their Cytotoxicity Assessment. Industrial & Engineering
Chemistry Research 60(4):1553-63.

47.Singh G, Beddow ], Mee C, Maryniak L, Joyce EM (2017) Cytotoxicity
Study of Textile Fabrics Impregnated with CuO Nanoparticles in
Mammalian Cells. International Journal of Toxicology 36(6): 478-484.

48.Zanoni I, Crosera M, Ortelli S, Blosi M, Adami G, et al. (2019) CuO
nanoparticle penetration through intact and damaged human skin.
New Journal of Chemistry 43(43): 17033-17039.

49.Colonna P, Bezzenine S, Gil R, Hannedouche ] (2020) Alkene
Hydroamination via Earth-Abundant Transition Metal (Iron, Cobalt,
Copper and Zinc) Catalysis: A Mechanistic Overview. Advanced
Synthesis & Catalysis 362(8): 1550-1563.

50.Borkow G, Gabbay ], Dardik R, Eidelman A, Lavie Y, et al. (2010)

Resear. 2023; 10(1): 555780. DOI:10.19080/ARR.2023.10.555780

Molecular mechanisms of enhanced wound healing by copper oxide-
impregnated dressings. Wound Repair and Regeneration 18(2): 266-
275.

51.Khan E, Sankaran S, Llontop L, del Campo A (2020) Exogenous supply
of Hsp47 triggers fibrillar collagen deposition in skin cell cultures in
vitro. BMC Molecular and Cell Biology 21(1).

52.Daverey A, Dutta K (2021) COVID-19: Eco-friendly hand hygiene for
human and environmental safety. Journal of Environmental Chemical
Engineering 9(2): 104754.

53. Mpiana P, Ngbolua K, Tshibangu D, Kilembe |, Gbolo B, etal. (2020) Aloe
vera (L.) Burm. F. as a Potential Anti-COVID-19 Plant: A Mini-review
of Its Antiviral Activity. European Journal of Medicinal Plants p. 86-93.

54.Lin C, Wu C, Hsiao N, Chang C, Li S, et al. (2008) Aloe-emodin is an
interferon-inducing agent with antiviral activity against Japanese
encephalitis virus and enterovirus 71. International Journal of
Antimicrobial Agents 32(4): 355-359.

55. Surjushe A, Vasani R, Saple D (2008) Aloe vera: A short review. Indian
Journal of Dermatology 53(4): 163.

56. Philips N, Samuel P, Parakandi H, Gopal S, Siomyk H (2012) Beneficial
Regulation of Fibrillar Collagens, Heat Shock Protein-47, Elastin Fiber
Components, Transforming Growth Factor-B1, Vascular Endothelial
Growth Factor and Oxidative Stress Effects by Copper in Dermal
Fibroblasts. Connective Tissue Research 53(5): 373-378.

57.Hashemi S, Madani S, Abediankenari S (2015) The Review on
Properties of Aloe Vera in Healing of Cutaneous Wounds. BioMed
Research International p.1-6.

58.Maan A, Nazir A, Khan M, Ahmad T, Zia R, et al. (2018) The therapeutic
properties and applications of Aloe vera : A review. Journal of Herbal
Medicine 12: 1-10.

59. Bignell D, Huguet TJ, Joshi M, Pettis G, Loria R (2010) What does it take
to be a plant pathogen: genomic insights from Streptomyces species.
Antonie van Leeuwenhoek 98(2): 179-194.

60.Lopez CG, Hernandez MP, Gavara R (2018) Photoactivated Self-
Sanitizing Chlorophyllin-Containing Coatings to Prevent Microbial
Contamination in Packaged Food. Coatings 8(9): 328.

6

—_

. Caires C, Silva C, Lima A, Alves L, Lima T, et al. (2020) Photodynamic
Inactivation of Methicillin-Resistant Staphylococcus aureus by a
Natural Food Colorant (E-141ii). Molecules 25(19): 4464.

62. Mantlo E, Rhodes T, Boutros ], Patterson FL, Evans A, et al. (2020) In
vitro efficacy of a copper iodine complex PPE disinfectant for SARS-
CoV-2 inactivation.

63.Booq RY, Alshehri AA, Almughem FA, Zaidan NM, Aburayan WS, et al.
(2021) Formulation and Evaluation of Alcohol-Free Hand Sanitizer Gels
to Prevent the Spread of Infections during Pandemics. International
Journal of Environmental Research and Public Health 18(12): 6252.

How to cite this article: Esra’aA, Haitham B, Mohammad K, Munib S. Preparation of Copper/Aloe Vera-Based Hand Sanitizer: A Mini Overview. Ann Rev


http://dx.doi.org/10.19080/ARR.2023.10.555780
https://pubmed.ncbi.nlm.nih.gov/22902129/
https://pubmed.ncbi.nlm.nih.gov/22902129/
https://pubmed.ncbi.nlm.nih.gov/22902129/
https://www.sciencedirect.com/science/article/abs/pii/S0065291117300073
https://www.sciencedirect.com/science/article/abs/pii/S0065291117300073
https://pubmed.ncbi.nlm.nih.gov/25100640/
https://pubmed.ncbi.nlm.nih.gov/25100640/
https://pubmed.ncbi.nlm.nih.gov/25100640/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3298164/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3298164/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3298164/
https://pubmed.ncbi.nlm.nih.gov/19416816/
https://pubmed.ncbi.nlm.nih.gov/19416816/
https://pubmed.ncbi.nlm.nih.gov/19416816/
https://pubmed.ncbi.nlm.nih.gov/20233928/
https://pubmed.ncbi.nlm.nih.gov/20233928/
https://pubmed.ncbi.nlm.nih.gov/20233928/
https://pubmed.ncbi.nlm.nih.gov/20233928/
https://pubmed.ncbi.nlm.nih.gov/22176893/
https://pubmed.ncbi.nlm.nih.gov/22176893/
https://pubmed.ncbi.nlm.nih.gov/22176893/
https://pubmed.ncbi.nlm.nih.gov/22176893/
https://pubmed.ncbi.nlm.nih.gov/22176893/
https://pubmed.ncbi.nlm.nih.gov/18923182/
https://pubmed.ncbi.nlm.nih.gov/18923182/
https://pubmed.ncbi.nlm.nih.gov/18923182/
https://pubmed.ncbi.nlm.nih.gov/29153030/
https://pubmed.ncbi.nlm.nih.gov/29153030/
https://pubmed.ncbi.nlm.nih.gov/29153030/
https://onlinelibrary.wiley.com/doi/abs/10.1002/adsc.201901157
https://onlinelibrary.wiley.com/doi/abs/10.1002/adsc.201901157
https://onlinelibrary.wiley.com/doi/abs/10.1002/adsc.201901157
https://onlinelibrary.wiley.com/doi/abs/10.1002/adsc.201901157
https://pubmed.ncbi.nlm.nih.gov/20409151/
https://pubmed.ncbi.nlm.nih.gov/20409151/
https://pubmed.ncbi.nlm.nih.gov/20409151/
https://pubmed.ncbi.nlm.nih.gov/20409151/
https://pubmed.ncbi.nlm.nih.gov/32228452/
https://pubmed.ncbi.nlm.nih.gov/32228452/
https://pubmed.ncbi.nlm.nih.gov/32228452/
https://www.sciencedirect.com/science/article/pii/S2213343720311039
https://www.sciencedirect.com/science/article/pii/S2213343720311039
https://www.sciencedirect.com/science/article/pii/S2213343720311039
https://pubmed.ncbi.nlm.nih.gov/18701259/
https://pubmed.ncbi.nlm.nih.gov/18701259/
https://pubmed.ncbi.nlm.nih.gov/18701259/
https://pubmed.ncbi.nlm.nih.gov/18701259/
https://pubmed.ncbi.nlm.nih.gov/19882025/
https://pubmed.ncbi.nlm.nih.gov/19882025/
https://pubmed.ncbi.nlm.nih.gov/22324999/
https://pubmed.ncbi.nlm.nih.gov/22324999/
https://pubmed.ncbi.nlm.nih.gov/22324999/
https://pubmed.ncbi.nlm.nih.gov/22324999/
https://pubmed.ncbi.nlm.nih.gov/22324999/
https://pubmed.ncbi.nlm.nih.gov/26090436/
https://pubmed.ncbi.nlm.nih.gov/26090436/
https://pubmed.ncbi.nlm.nih.gov/26090436/
https://www.sciencedirect.com/science/article/abs/pii/S2210803318300022
https://www.sciencedirect.com/science/article/abs/pii/S2210803318300022
https://www.sciencedirect.com/science/article/abs/pii/S2210803318300022
https://link.springer.com/article/10.1007/s10482-010-9429-1
https://link.springer.com/article/10.1007/s10482-010-9429-1
https://link.springer.com/article/10.1007/s10482-010-9429-1
https://pubmed.ncbi.nlm.nih.gov/18555550/
https://pubmed.ncbi.nlm.nih.gov/18555550/
https://pubmed.ncbi.nlm.nih.gov/18555550/
https://pubmed.ncbi.nlm.nih.gov/33003282/
https://pubmed.ncbi.nlm.nih.gov/33003282/
https://pubmed.ncbi.nlm.nih.gov/33003282/
https://pubmed.ncbi.nlm.nih.gov/34207817/
https://pubmed.ncbi.nlm.nih.gov/34207817/
https://pubmed.ncbi.nlm.nih.gov/34207817/
https://pubmed.ncbi.nlm.nih.gov/34207817/

Annals of Reviews and Research

This work is licensed under Creative Your next submission with Juniper Publishers
@ @ Commons Attribution 4.0 License will reach you the below assets
DOI:10.19080/ARR.2023.10.555780
¢ Quality Editorial service
¢ Swift Peer Review
e Reprints availability
¢ E-prints Service
e Manuscript Podcast for convenient understanding
¢ Global attainment for your research
e Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)
¢ Unceasing customer service

Track the below URL for one-step submission
https://juniperpublishers.com/online-submission.php

m How to cite this article: Esra’aA, Haitham B, Mohammad K, Munib S. Preparation of Copper/Aloe Vera-Based Hand Sanitizer: A Mini Overview. Ann Rev
Resear. 2023; 10(1): 555780. DOI:10.19080/ARR.2023.10.555780


http://dx.doi.org/10.19080/ARR.2023.10.555780
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/ARR.2023.10.555780

Annals of Reviews and Research

007 How to cite this article: Esra’a A, Haitham B, Mohammad K, Munib S. Preparation of Copper/Aloe Vera-Based Hand Sanitizer: A Mini Overview. Ann Rev
Resear. 2023; 10(1): 555780. DOI:10.19080/ARR.2023.10.555780


http://dx.doi.org/10.19080/ARR.2023.10.555780

