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Abstract

The purpose of this research article was to examine the impact of conventional Rosmarinus officinalis
(without delivery systems) extract and extract incorporated liposomal delivery system on skin permeation
velocity in vitro conditions was to determine whether there was a significant difference (in terms of

duration) over the determined parameters.

The environment condition was 47 mm diameter with a capacity of 20 ml in a water bath applied to the
membrane surface in 37 ° C and using a double walled franz diffusion cell containing a syntetic
polycarbonate membrane filter. 1., 3., 5., 10., 20., 40. in minutes and upto 160 minutes 50 rpm rotation speed
(mimicking the application speed obtained from the skin) with classical methods and delivery named by
calculating the transition rates of Rosmarinus officinalis extracts obtained by the alternative method

through the diffusion cell.

As a result of the study, it was clearly determined that the mixture of Rosemary (Rosmarinus officinalis)
extract in the liposomal carrier system at a volume ratio of 1: 1 had an in vitro release rate of around 30%
compared to 100% in 40 minutes, respectively, according to the traditional formula.
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1. Introduction

Herbal
materials have been widely used against

actives and plant sourced raw

many health problem and cosmetic industry
since centuries (Aslan, 2007). Rosmarinus
officinalis L. is taxonomically included in the
Lamiaceae family and has a pleasant scent,

© CUPMAP. All rights reserved.

evergreen, perennial, branches reaching 50-
110 cm in length, with leaves 1-3 cm in
length. The upper surface of the leaves is dark
green, soft and long hairy, the lower surface
is light colored, with a dense soft hair, flowers
in the form of a white star, densely hairy, and
the fruit is brown in color (Mill, 1982; Baytop,
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1999). Rosemary is considered to be one of
hundreds of species in the genus Salvia,
native to the Mediterranean and Asia, but
highly resistant in cool climates, evergreen
(Drew, 2017). It is a plant of Mediterranean
origin, loves the seaside and grows very well.
The Latin meaning of the name Rosmarinus is
the flower of the sea and is associated with
the spread of the plant. Especially Turkey
Adana, Hatay, Mersin, Antalya frequently
seen in the area. Today, culture is carried out
in many countries, some of them are in
European countries such as France, Spain,
Portugal, Italy, Greece, neighboring European
countries, the Balkans, the USA and Mexico
(Sonmez, 2008). It is a plant that spread
around the world in time, it was brought to
England by the Romans. It is very popular in
the UK and has been used as a spice in meals,
benefited from its medicinal properties, and
used as a garden herb for its fragrance. In the
field of pharmacy, Hippocrates, Galen,
Dioscarides prescribed for stomach, flu and
liver problems. It was used a lot in French
pharmacies especially the
Renaissance and became the most prescribed
herb.

during

When we look at the naming of the plant,
Rosmarinus’' name is the old name of the
plant in classical Latin. The historical
background of rosemary is included in
cuneiform stone tablets from 5000 BC and is
mentioned in Materia Medica (Ambrose,
2016). When we look at the historical
adventure of the plant, it is seen that it has
records in the Chinese dynasty in 220 AD, and
it is estimated that later the Romans came to
European lands with the eastern expeditions
(Madison, 2017). One of the first alcohol-
based perfumes described as Hungarian
water, Hungarian water was made from
Rosemary. Leaves, branches and flowering

tips are removed for use (Centre for
Agriculture and Bioscience International,
2018). Rosemary are used as
flavouring Mediterranean
cuisine and herbal teas can be made
(Database USDA Nutrient, 2014). Another
important point in terms of use with foods is
that omega 3-rich oils that are prone to
rancidity have been shown to increase shelf
life and heat stability (Daniells, 2017).

leaves
in traditional

In traditional medicine, it has been used
orally as a tonic, in the case of constipation,
anti-inflammatory, abdominal pain,
headache, antispasmolytic, gout treatment,
biliary therapy, diuretic,
antidepressant, external wound healing, anti-
scalp capping, hair loss (Baytop, 1999;
Gonzalez-Trujano et al, 2007). The dried
leaves of the rosemary plant are maserated in
olive oil and massaged into the hair roots, and
the infusion prepared from its branches is
used for diabetes. It is also recorded that it is
used as a sedative as an infusion tea prepared
from a mixture containing the leaves of the
plant (Sarikan, 2007).

antirheumatic,

The phenolic compounds responsible for the
pharmacological activity of Rosmarinus
officnalis are rosmarinic acid, carnosic acid
and carnosol. Carnosic acid is the main
component of the phenolic diterpenes in the
rosemary plant (Kuhlmann and Roéhl, 2006).
The structure of carnosic acid is C20H2804 and
it comes from the terpenoids class, also
known as isoprenoids or terpenes, it is one of
the main polyphenolic diterpenes in the
plant. In addition, many biological effects are
seen; Anti-inflammatory and antiviral effects,
nervous protective, anti-aging, antimicrobial,
liver

antiangiogenic, protective,

antiadipogenic,  antihyperglycemic  and
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anticarcinogenic properties have also been
reported (Bozic et al,, 2015; Jung et al, 2015).

Carnosic acid and carnosol are responsible
for the antioxidant properties of the
Rosmarinus officinalis plant and possibly
protect chloroplasts and chloroplastic and
perhaps other organelle membranes from
oxidative stress. It has been reported that it
has more antioxidant effect than
butylhydroxytoluene and
butylhydroxyanisole, which are generally
used synthetic antioxidants.

Another important phenolic compound of
Rosmarinus officinalis is Rosmarinic acid,
which is the ester of caffeic acid and 3,4-
dihydroxyphenyllactic acid. Liver protective,
anti-inflammatory, antiangiogenic,
antitumor, antidepressant, anti-
neurodegenerative and HIV-1 inhibitory
properties are known (Furtado et al, 2010). It
has been shown in clinical studies that the
diterpenes found in Rosmarinus officinalis
plant induce various factors and also inhibit
neuronal cell death (Habtemariam et al,
2016). In a study with Rosmarinus officinalis
extract, the effects on mRNA expressions in
the hippocampus and frontal lobe of rats
were examined. It shows that the plant
extract causes long-term memory
improvement, which can be explained in part
by the inhibition of AChE activity in the rat
brain. (Ozarowski et al, 2013). In a study
conducted with rosemary plant, it was stated
that it can limit the weight gain that develops
due to fatty onset and prevent metabolic
disorders related to obesity. (Sedighi, 2014).
It is thought to reduce body weight and fat
ratio by inducing the pancreas by inhibition
of lipase activity. (Harach et al,, 2010). In a
research on colon cancer cells, the apoptosis
of the cells increased thanks to Rosmarin

extract and carnosic acid. It significantly
increased the expression of Nrf2 and
inhibited HCT116  heterograft
formation (Yan et al, 2015). In another
cytotoxic study with rosemary extract, its
effect on cancers in different organs was
examined. In a study conducted with lung
cancer, colon cancer, breast cancer and
cervical cancer, rosemary was found to have
the highest cytotoxic activity on lung cancer
(Alanazi, 2016). In an in vivo study on the
potency of R. officinalis in gastric ulcer, it was
observed that gastric ulcerations
prevented in male rats whose stomach was
stimulated with 70% alcohol. (Amaral et al.,
2013). Its use as a fragrance, the essential oil
of Salvia Rosmarinus is burned as incense to
spread fragrant body perfumes or aroma in a
room, and is used in shampoo and cleaning
products. Phytochemically, Rosemary
essential oil contains 10-20% camphor and
contains a number of phytochemicals such as
rosmarinic acid, camphor, caffeic acid, ursolic
acid, betulinic acid, carnosic acid, and
carnosol (Vallverdu, 2014).

tumor

were

The epidermis, which is the upper level of the
skin structure,
corneum (SC) followed by the lucidum,
granulosum, spinosum and basal membrane,
followed by the dermis and hypodermis layer
(Biju et al., 2006).
systems
properties of the skin structure. Transdermal
delivery systems must overcome the natural
properties of the stratum corneum as a skin

consists of the stratum

Transdermal delivery

must overcome the inherent

barrier. The stratum corneum acts as a
protective layer that prevents the
penetration of foreign compounds from the
external environment into the skin and also
prevents the skin's moisture loss (Atmakuri
and Dathi, 2010).
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Liposomes are a new generation carrier
system with both a hydrophilic head and a
lipophilic chain part, which increases their
absorption from the skin by trapping
different active ingredients in their structure
(Aslan et al, 2020; Duman et al, 2014).
Thanks to their properties that mimic the
skin and cell membranes, they are preferred
in many areas ranging from cosmetics to
biotechnology, biochemistry and physiology
to food supplements (Ethemoglu et al., 2017;
Yazicl et al, 2011; Giinal et al, 2019). A
liposome is a useful tool for transporting
herbal active ingredients to the inner layers
of the skin by passing through the skin
barrier due to its double-layered structure
obtained from phospholipids similar to the
skin structure (Uhumwangho and Okor,
2005) Phospholipids, which are components
of liposomes, have many advantages as a
carrier of active ingredients such as strong
tissue affinity, biodegradability and low

Table 1. Herbal liposomal formulations

toxicity (Yadav et al, 2011). It is
advantageous for liposomal delivery systems
to provide the effect of increasing the
bioavailability while minimizing the toxicity
of the active ingredient in the delivery of
plant origin active ingredients at an optimum
rate. Advantages of liposomal
systems are;

delivery

e Liposomes are used in active ingredient
encapsulation systems because of their
advanced features.

e The liposome can entrapped both lipophilic
and water soluble active ingredients. For
that reason, as an active ingredient
transporter, the liposome
indiscriminately carry active ingredients

can

via cellular structure.

e The liposomal formulation can provide a
sustained and controlled formulation
release and increase active ingredient
solubility.

Biological

Applications of liposome

Herbal Source Active materials . . Year References
Activity formulations
These fi lati dif
. , Anti-arrhythmia es-e ormuiations modiy Rong and
Pueraria lobota Puerarin o their surface charge and 2007
Activity . . JuQun, 2007
membrane integrity
Anti-tumour, L I
. Strychnine, ! . umou . Activities Increase stability Chen et al,,
Nux vomica , analgesic and anti- . 2010
Brucine ) of formulations 2010
inflammatory
1,8-cineol,
. ,B-cineole, Antioxidant and ,
. linalool, myrtenyl L. . L Lo Gortzi et al,,
Myrtus communis antimicrobial Increase in its activities 2008
acetate, . 2008
activity
myrtenol
Diospyros montana Diospyrin Anti--ca.ncer Enhancement of its anti- 2005 Hazra etal,,
Roxb activity tumour effect 2005
Artemisia Artemisia . . Increase in antiviral activity Fadda at al,,
Antiviral activity . 2005
arborescens L. arborescens and stability 2005
Inhibiting vascular
smooth muscle Enhance the therapeutic
Magnolia officinalis Magnolol 2008 Chen 2008
9 f g cells (VSMCs) efficacy
proliferation
Purchased From . Antioxidant Enhance therapeutic Ghosh et al,
. , Quercetin . . 2010
Sigma Chemicals activity efficacy 2010
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Franz diffusion cells have become very
important in research studies of the passage
of drugs and cosmetics through the skin.
Although there are question marks in terms
of analytical validation, studies conducted in
recent years, it can be said that transition
through the skin in in vitro conditions
without the need for animal studies provides
an advantage for researchers in all respects.
Synthetic polycarbonate membrane filters
reduce variability and increase
reproducibility (Fern et al., 2010, Andrews et
al,, 2013).
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Figure 1. Shematic Representation of a Franz
Diffusion Cell System for In Vitro Release
Studies (Andrews et al., 2013)

In this research paper was to indicate the
effect of conventional Rosmarinus officinalis
(without delivery systems) extract and

liposomal delivery system incorporated
extract on skin permeation velocity in vitro
conditions was to determine whether there
was a significant difference in terms of
duration over the determined parameters.

2. Material and Methods
2.1. Materials

Hydrogenated Soybean Phoshatidylcholine
(HSP) and phospholipids were provided from
LIPOID (Germany). Cholesterol (CHOL) was
obtained from Sigma (UK). Rosmarinus
officinalis extract was provided from Inan
Tarim (Turkey). All other chemical reagents
were of analytical purity. Franz diffusion cell
in order to determine the
absorbtion rate of delivery system
(Permegear, USA).

was used

2.2. Preparation of Herbal Liposome
Formulations

Liposome carrier systems were designed by
thin film preparation method (Gunal et al,,
2019). Firstly, liposome dispersions (HSP
and Cholesterol) were designed by dissolving
the 40 pmol mL-1 of phosphatidylcholine and
lipophilic components in 30 mL chloroform
in a round flask. Chloroform solvent was
evaporated using a rotary evaporator under
0-100 mbar pressure to form a thin film over
the wall of the flask. Also, ethanol was
accurately  evaporated
evaporator from plant extract. The thin film
was then solved over a water bath with buffer

using  rotary

Rosmarinus officinalis extract as 1:1 v/v ratio.
Optimized liposome
selected according to previous experimental
study (Aslan et al., 2020)

formulation was
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2.3. In vitro Release Study

All permeation experiments have been done
using an endless dosage regimen. This test
was a single application and covers the
application starting from 1 minute to 40
minutes and then the following results. 50
rpm of the new formulations obtained by
conventional method and liposomal
formulations (imitating the application speed
to the skin), 1.3.5.10.20. 40. and 160 minutes,
respectively.

The permeation values were compared by
calculating the velocities of passage through
the diffusion cell in minutes and up to 160
minutes. Briefly, the working principle is
based on the application of the tested product
approximately 1 ml once to the jacketed
Franz diffusion cell in 37°C, phosphate buffer
solution at pH:7.4 . This product simulates
keeping in contact with the skin for up to 1
minute and up to 40 minutes. Afterwards,
samples were taken at specified times and
the results were recorded with the
measurements in the UV spectrophotometer.
Agilent 8453 (USA) was used for the
determination of absorbance in UV
spectrophotometer and branded analyzer,
which is widely preferred in UV analysis in
many research studies. Since the skin is
known to have tight intercellular connections
around 220 nm and also a polycarbonate
membrane filter was preferred because of
inert  material. Permegear  branded
equipment (Standard 25mm Jacketed Franz
Cell) was used for the diffusion cell. The
amount of test material applied to each cell
was 1 ml, the receptor volume was 20 ml and
the amount taken at certain times was 0.5 ml.
The standard calibration curve of rosmarinic

acid has been extracted. By taking samples,
their absorbance was measured at 272 nm.
Bypassing from absorbances to %
concentration, the concentration at which
100% of the product
determined. Herbal liposome formulation
(HLF) and formulation
containing Rosmarinus officinalis extract
(CFR) were compared according to in vitro
release study via Franz diffusion cell.

releases was

conventional

3. Results and Discussion
3.1. Calibration Curve
Rosmarinic acid

Results of

Rosmarinic acid was a major component of
Rosmarinus officinalis extract to determine
UV Spectral analyze. For that reason,
calibration curve has been presented and
calculated between 0.05 mM and 0.25 mM
according to the results in Figure 2 at 323nm.

3.2. In vitro Release Study Results

In vitro release is an important parameter of
absorbtion for topical herbal liposomal
carrier models. According to in vitro release
study results, HLF formulation presented
better penetration behaviour compare to CFR
at the end of the 160 minutes in vitro release
study.

All data were given Table 2 and Figure 3.
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Figure 2. Calibration curve of Rosmarinic acid at 323 nm.

Table 2. Cumulative release table of HLP and CFR formulation (n=6).

(Tlllli?:) HLP (Herbal Liposome) CFR (Conventional Rosemary Extract)
0 0 0 0 0 0 0 0 0 0 0 0
1 322 | 233 | 496 | 396 | 513 | 1,02 | 1,35 | 0,88 | 1,08 | 1,04 | 1,12
3 15,06 | 15,22 | 14,76 | 15,28 | 14,86 | 1588 | 2,12 | 2,06 | 2,16 | 2,22 2,1 2,24
5 37,44 | 36,76 | 3598 | 36,52 | 3796 |3782| 494 | 552 | 5,38 5,2 514 | 5,28
10 55,26 |54,88|55,63|5574| 549 |54,58]| 10,04 | 992 | 10,16 | 10,02 | 998 | 9,84
20 87,98 | 88,54 | 88,44 | 88,7 | 87,66 |89,02]| 21,63 | 20,74 | 20,48 | 21,02 | 20,96 | 20,8
40 97,66 |98,88|99,66 97,84 | 9855 |99,24| 34,3 | 36,54 | 3568 | 354 | 3534 | 35,28
160 100,98 | 99,8 | 98,9 | 99,96 | 100,02 | 99,62 | 60,82 | 60,9 | 58,28 | 57,6 | 61,29 | 59,06

% Cumulative Release

T
0 20

40 60 80 100 120 140 160 180

Time (minutes)

-~ HLP (Herbal liposome)

CFR (Conventional

Rosemary extract)

Figure 2. Cumulative in vitro release study result of HLF and CFR formulations (n=6).
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4. Conclusion

In this research; spectroscopic analysis and
in vitro release studies were considered to
select the better carrier system for Rosemary
extract formulation. For that reason, HLF
formulation was selected depending on the
release behaviour (Table2 and Figure 3). Size
controlled liposome formulation showed that
it was better penetration enhancer for the
topical delivery systems compare to the
conventional extract systems.

The objective of this study is to develop a
topical delivery system which is containing
herbal actives, with innovative formulation.
As a result of the study, it was clearly
determined that the mixture of rosemary
(Rosmarinus officinalis) extract in the
liposomal carrier system at a volume ratio of
1: 1 compared with the conventional formula
has a very high in vitro release rate of 160
minutes, even absorbed within minutes. Ex
vivo and cell culture studies will be planned
in near future.
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