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Abstract: To investigate the effects of Rosmarinic acid (RosA) on enhancing the transdermal absorp-
tion of cross-linked hyaluronic acid (CHA), RosA was obtained and CHA was prepared. The rat-skin
transdermal in vitro model was established, the CHA micro-assay and cytotoxicity model were estab-
lished. The stability of HA and CHA at different time-points and temperatures were investigated, the
enhancing effects of RosA and combinations on CHA transdermal were evaluated, and the cytotoxicity
of RosA were investigated. The results showed that 5% RosA enhanced skin penetration of CHA and
was more effective than conventional azone. With the increase of RosA concentrations, the transder-
mal rate of CHA was increased (*** P=0.001). RosA (10 mg/ml.) used as the CHA transdermal
penetration enhancer did not affect cell growth in vitro.
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Rosemary (Latin scientific name; Rosmarinus o fficinalis) is a dicotyledonous plant and lamiaceae, rose-
mary shrub. Rosemary essential oil is a colorless to pale yellow volatile liquid obtained from the leaves
of rosemary by water vapor, and contains Rosmarinic acid, Pinene, Ursolic acid, etc. Rosmarinic acid
(RosA) is a widespread compound with interesting biological activities, and a water-soluble antioxi-
dant with a special herbal aromatic odor extracted from rosemary. It is also a polyphenolic hydroxyl-
containing acid with effects of increasing skin elasticity and delaying aging''!. Rosemary extract has
been recognized as one of the natural products with high anti-inflammatory function and used for many

2] These characteristics of RosA prompted us to design and use it as a

traditional Chinese medicine
permeability adjuvant in CHA transdermal experiment and to investigate the possibility for Rosemary
extracts as the new NPE to promote CHA transdermal absorption.

Hyaluronic acid (HA) is an acidic mucopolysaccharide, widely distributed in the body, and has
many important physiological functions™> , such as: regulating cell proliferation, migration and differ-
entiation; natural moisturizing effect; lubricating joints to protect cartilage; regulating protein synthe-
sis; regulating inflammatory response; regulating immune function; promoting wound healing, HA is
widely used in medical biomaterials, skin support fillers, cosmetic and pharmaceutical excipients, but
the natural HA is unstable. Crosslinked hyaluronic acid (CHA) is a polymer gel with three-dimen-
sional structure obtained by crosslinking modification of HA with a crosslinking agent-. CHA also
has the advantages of good biocompatibility, non-antigenicity, moisturizing, anti-inflammatory and
safe without toxicity. Compared with natural HA, the obvious increase of CHA in molecular volume
can make up for the shortcomings of poor stability of natural HAY . In addition, CHA is rich in vis-
coelasticity and enhanced mechanical strength, which facilitates the processing of materials**). How-
ever, due to the relatively large molecular weight of CHA, it cannot penetrate the stratum corneum of
the skin, or in a lower rate with a small amount of permeation through the skin, resulting in the fail-
ure of its application purposes. So, the selection of proper penetration enhancers would be necessary
to promote its transdermal absorption”.

Transdermal drug delivery system (TDDS) has become a viable alternative to conventional routes
of drug administration since it can avoid the hepatic first pass effect, improve the compliance of pa-
tients, decrease the administration frequency, and reduce the gastrointestinal side effects!*),

Penetration enhancers (PE) are substances that can temporarily adjust percutaneous penetration.
Now commonly used PE are ethanol, azone, peppermint oil and so on. Natural penetration enhancers
(NPE) usually have good permeability effect, mild, less irritation to the skin, low price and other ad-
vantages. The current applications of existing NPE in research and development are borneol, clove

]

volatile oil, etc!'"). However, Rosemary extracts have not been well studied as the NPE.
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1 Materials and methods

1.1 Chemicals and materials

Hyaluronic acid and crosslinked hyaluronic acid (Changzhou Pharmaceutical Research Institute
Co., Ltd. )% 95% azone (Shenzhen Simeiquan Biological Technology Co., Ltd. ); 99% rosemary es-
sential oil, rosmarinic acid (Changzhou Pharmaceutical Research Institute Co., Ltd. ); sodium chloride
(analytical grade, Sino pharm Chemical Reagent Co., Ltd. ); phosphate buffered saline (pH=7.4)
(PBS) (analytical grade, Beijing Regen Biotechnology Co., Ltd. ); 99.5% sodium tetra-borate, deca-
hydrate (Aladdin); sulfuric acid (analytical grade, Sino-pharm Group Chemical Reagent Co., Ltd. );
ethanol (analytical grade, Sino-pharm Group Chemical Reagent Co., Ltd. ); carbazole (Shanghai
MclLean Biotechnology Co., Ltd. ); 6—8 weeks 120—150 g SD female Rat (Changzhou Cavins Experi-
mental Animal Co., Ltd. ); PM-996 sealing film (BEMIS); all cell culture materials were purchased
from Gibco BRL (Grand Island, NY, USA).

1.2 Detection of HA and CHA

HA or CHA standard solutions with different concentrations (10, 5, 2.5, 1.25, 0.625, 0.312,
0. 156, 0.078, 0 mg/ml) were precisely prepared. The absorbance of HA/CHA was measured by a
96-well plate carbazole sulfate method. Taking the HA or CHA concentration (C) as the abscissa and
the absorbance (A) as the ordinate.

In each well of 96 well plate, 20 pL of the test solution and 100 pL. of sodium tetra-borate sulfuric
acid solution were mixed well, and heated in 95 °C water bath for 15 min, followed by quickly cooling
down on ice. Then, 4 pL of carbazole ethanol solution was added to each well, and then the 96-well
plate was heated again in 95 ‘C water bath for 15 min and cooled to room temperature, the OD value
was red at 530 nm with a microplate reader. The standard curve equation of HA was used to calculate

the corresponding HA concentration-**.

1.3 Transdermal experiment

The back skin of SD rats was selected for experiment. Animal welfare and experimental proce-
dures were carried out according to the National Guidelines for the Review of Experimental Animal
Welfare Ethics. All works were undertaken with the approval of the Changzhou University Bio-Medi-
cine Ethics Committee. SD rats (6—8 weeks) were sacrificed, the back skin was shaved and then
peeled off. The fat layer of skin was removed with the saline solution. A concave para-film was placed
on top of the receiving chamber and 400 pl. of PBS was added to form a micro-transdermal receiving
chamber. The rat skin was sandwiched between the supply chamber and the micro-transdermal receiv-
ing chamber, with the skin stratum corneum (outer layer) facing the supply chamber and the dermis
(inner surface) facing the receiving pool. Adding 2 mL of different CHA sample solutions to each sup-
ply chamber. Putting the treated transdermal tester into the diffusion cell and waiting for the tempera-
ture to reach 35 “C. The total transdermal time is 4 h. After the transdermal time is over, the liquid in

the micro-receptor chamber in the diffusion cell was collected, and the volume of the permeate solution
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and the concentration of CHA were measured. Transdermal rate of CHA was calculated: transdermal
rate( %) = (CHA concentration X volume after penetration)/(CHA concentration X volume before pen-

etration) X 100 %.

1.4 Cytotoxicity test

[14]

Fresh isolated rat synovial fibroblasts were used for cytotoxicity assays-'*. Cells were cultured in

DMEM supplemented with 1% penicillin-streptomycin and 10% FBS and incubated at 37 °C, 5%
CO,. When reaching the exponential growth phase, cells were seeded into 96-well plates at a density
of 5 000 cells/well for attachment overnight.

RosA filtered by 0. 22 ym sterile filter was diluted to different concentrations in serum free condi-
tion, and incubated with cells for 20 h. Thereafter 50 pL. of 10% 3<(4, 5-Dimethylthiazol-2-y) -2, 5-
Diphenyltetrazolium Bromide (MTT) solution was added to each wells, and incubated for another 4 h,
at 37 °C, 5% CO,. Then the medium was carefully removed and 100 pL. DMSO was added to each
well. The plate was shacked for another 10 min at room temperature and then the absorbance was read
at 570 nm with a microplate reader.

Determination of cytotoxicity: according to the United States Pharmacopoeia 29th edition, calcu-
late the relative cell proliferation rate Argr  (Argr = absorbance value of various types of hyaluronic acid
intervention group/absorbance value of non-intervention control group X 100%), and judge the re-

sults according to the criteriat'®,

1.5 Statistical analysis

Graph-pad Prism version 7.0 software was used for statistical analysis and graph preparations.
Unpaired student’s test was used to compare differences between groups. * P<C0. 05 was taken as sig-

nificant.

2 Results

2.1 The degradation of CHA under different time and temperature conditions is slower
than HA

The study was to establish the linear relationships between the concentration (mg/ml.) of CHA
or HA vs the OD value (530 nm) and examining the stabilities of crosslinked hyaluronic acid at differ-
ent times, temperatures and concentration of HAase. The corresponding regression equations were
A=0.223 5C +0.149 4, R*= 0. 994 3 for CHA; and A=0.063 2C+0.091 7, R*=0. 983 3 for HA
(Fig. 1 (a)). Fig. 1 (b) shows the degradation of CHA or HA over 0, 1, 5, 15 min under room tem-
perature. The stability studies demonstrated that the degradations of CHA or HA were time depend-
ent, as shown in Fig. 1 (b), both CHA and HA are quickly degraded at one min, but the degradation
speed of HA was faster than CHA. In the first minute, the degradation rate of HA (58.5%) was
31. 5% higher than that of CHA (27.0%); at 5 minutes, the degradation rate of HA (68.1%) was
21. 6% higher than that of CHA (46.5%); at 15 minutes, the degradation rates of the two were simi-
lar. No matter what the concentration of HAase was, Fig. 1 (c¢) shows that the degradation of HA
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was greater than that of CHA, and when the concentration of HAase was 3U/mL, the difference be-
tween the two was significant in degradation rate (* P<Z0.05). The data also demonstrated that the
time and temperature would affect CHA degradation rates, of which at 37 °C was faster than at room
temperature (20 °C) within the same time, e. g. At time-points 15 min (* P<C0.05) and 120 min
(*** P<C0.001), the difference between the two temperatures were significant. No matter what tem-
peratures they were, both degradation speeds are time-dependents; at 37 °C, CHA was degraded more
in the process of 60 min to 120 min (*** P<C0. 001); at 20 °C, CHA was more degraded in the process
of 15 min to 60 min (* P<C0.05) (Fig.1 (d)). All data shown are the mean &= SEM of three inde-

pendent experiments,
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Fig.1 Degradations of CHA or HA at difference conditions
2.2 The transdermal rate of CHA was correlated with the increased RosA concentration

Therefore, CHA is more suitable for the study on transdermal absorption in vitro. This study
was to evaluate the enhancing effects of RosA and combinations on CHA transdermal. The data from
transdermal experiments shown that as the concentration of RosA increased (3, 4, 5, 6, 8, 9, 10,
12, 15, 16, 18, 20 mg/ml.), the transdermal rate of CHA was also increased, the linear relation-
ship between both has been well observed (*** P=0.001) (Fig. 2 (a)). Fig.2 (b) shows the trans-
dermal penetration of CHA at different time points with RosA (0, 5, 10 mg/mlL) added. Data

shown are the mean &= SEM of three independant experiments. Compared with 5 mg/ml., the concen-
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tration at 10 mg/ml. of RosA was effectively increased the transdermal rate of CHA significantly, and
especially after 6 h (** P<C0.01, *** P<(0.001). As shown in Table 1, Plot Q versus ¢ at different
times, and perform linear regression on Q versus T in the straight part after plotting. The slope ob-
tained is the transdermal absorption rate (J) of CHA. In order to further compare the penetration-en-
hancing effects of penetration enhancers, calculate their penetration multiples according to the following for-
mula: gz (enhancement ratio) = J; (including penetration enhancers) /J. (excluding penetration enhanc-
ers) (Table 1). The Az of RosA as permeability aid were 6. 234 or 37. 623 when the concentrations were 5 or
10 mg/ml., respectively.

5% rosemary essential oil mixed with or without azone (2% or 9%) were used as the PE for CHA
transdermal experiments. Compared with the blank group and the 5% rosemary essential oil group,
the 2% azone group and the binary group of 2% azone with 5% rosemary essential oil were able to ef-
fectively enhance thetransdermal rate of CHA (* P<C0.05) (Fig.2 (c)).

The transdermal rates of CHA in addition of RosA as the enhancers at different concentrations
(3, 6, 9, 12 mg/mL) with or without 2% azone involved are shown in Fig. 2 (d), which demonstra-

ted that when RosA concentration was 3, 6, 9, 12 mg/mL, 2% azone could effectively enhance the

transdermal rate of CHA (*** P<Z0.001).
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Fig.2 Transdermal rate of CHA using NPE of rosemary extracts
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Table 1 Transdermal absorption parameters of CHA containing RosA

Rosmarinic acid/ (mg e+ mL™1) Q/ (pg+cm ?) Ji/ (pgeem ?+h™h) AER
0 42. 249 1.426
5 117. 185 8. 890 6. 234
10 768. 188 53. 650 37.623

Note: Q—Skin penetration per unit area, 12 h; J;—Skin penetration per unit time and per unit area; Agr—enhancement ratio.
2.3 RosA had no cytotoxic effects on cells

The results of cell cytotoxicity test have showed that both RosA (5%) had no effect on rat fibro-
blasts when its concentration around 10 mg/mL; RosA (10%) had no effect on rat fibroblasts when its
concentration below 5 mg/ml.. When the concentration of RosA (5%) was 5, 6, 8, 10, 12 mg/mL, the rel-
ative growth rates of rat synovial fibroblasts were 69.59%, 59.72%, 70.59%, 96.23%, 112.12%,
respectively (Fig. 3 (a)). When the concentration of RosA (10%) was 2, 4, 5, 6, 8 mg/mL, the rel-
ative growth rates of rat synovial fibroblasts were 80. 98%, 99. 86%, 102.99%, 122.59%, 157.64%
respectively (Fig. 3 (b)). According to the US Pharmacopoeia cytotoxicity test, the biosafety of the
test materials (these concentrations of RosA) within the level 2 response (Arer==50%) met the re-

quirements, Data shown are the mean = SEM of three independent experiments.
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Fig.3 Effects of different concentrations of RosA on rat synovial fibroblasts grow rates

3 Discussion

Rosemary has important application value in pharmaceutical, food, cosmetic and other fields due
to its antioxidant, antibacterial and antiviral activities. It was reported that RosA has a function in in-
hibition of HAase activity, protecting nature HA from degradation caused by HAase!'*'". This study
investigated whether CHA could be used as a biomaterial for local tissue support through transdermal
absorption. The results showed that CHA was more stable and suitable for high efficiency in cosmetic
pharmaceutical and biomedical material applications. The aim of this study was also to investigate
whether or not RosA can be a good natural penetrate enhancer for CHA application. Our present stud-

y demonstrated that it not only possess anti-infection and anti-inflammatory functions, but also helps

CHA to penetrate cross rat skin,
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Compared with intra-articular injection and oral administration, TDDS can avoid the pain caused
by injection of drugs to patients, and at the same time, it can improve the disadvantage of slow ab-
sorption and side effects of oral administration because it can treat specific sites/*.

However, the delivery of most drug molecules via a transdermal route remains one of the major
challenges in the development of TDDS. The principal barrier to TDD is located in the stratum corne-
um, the outermost layer of the skin, thereby limiting percutaneous absorption"’”’. To achieve thera-
peutically effective drug levels at the proper site following TDDS, the barrier properties of the stratum
corneum must be modified to enable sufficient drug permeation. A lot of approaches have been used to
alter the stratum corneum barrier properties, and the most commonly applied approach is the applica-
tion of PE*?Y, Until now, efforts have been directed at identifying desirable PE which possess safe

2228 - Compared to conventional synthetic PE such as azone, dimethyl sulfox-

yet effective properties
ide (DMSO) and ethanol, NPE have been shown to own low systemic toxicity, high enhancement ac-
tivity, and low cutaneous irritation at low concentration®”, In the transdermal test of CHA, 5% con-
centration of rosemary essential oil showed better permeability than the control group without the per-
meability aid. It was also found that 5% rosemary essential oil combined with 2% azone had better
permeability to the same concentration of crosslinked hyaluronic acid containing 2% azone. The re-
sults showed that rosemary essential oil had a certain permeability to CHA, but due to the poor solu-
bility of rosemary essential oil in CHA, the permeability of rosemary essential oil with higher concen-
tration to CHA could not be tested.

As an extract ofrosemary, RosA is a polyphenolic hydroxyl compound. Polyphenols are a promis-
ing and widely used enhancer because of their strong antioxidant, anti-inflammatory activity, lower

(26271 These properties led us to use RosA as a permeability aid

skin irritation and high-water solubility
in CHA transdermal experiment. The results showed that RosA had a better permeability effect on
CHA in vitro compared with rosemary essential oil, and the transdermal rate of CHA increased with
the increase of RosA concentration. The enhancement ratios (Agz) of RosA (10 mg/mL) were deter-
mined to be 37. 623, which was six folds higher that of RosA at 5 mg/mlL at the same environment in-
creasing the flux of CHA. Polyphenolic hydroxyl has ability to loose stratum corneum of the tight
network skin"?*', which might facilitate the diffusion of CHA through the stratum corneum; also its
function of inhibiting HAases against CHA degradation may keep CHA integrity during penetration,
as well as its oxygen-containing and hydrocarbon could form complexes to help in the stratum corneum
partition of the CHA.

Despite most PEs performing fairly well in Transdermal drug delivery system, only a few of them
have been approved for clinical application due to their skin toxicity or irritation. It is challenging to
maintain the balance between safety and potency of PEs. RosA obtained from natural sources are gen-
erally considered to be less toxic comparedto synthetic PEs, such as azone®’'. Combined with the ex-

perimental results of toxicity of RosA at different concentrations on synovial fibroblasts in rats, when

the concentration of RosA was 10 mg/ml., it met the requirements of good permeability and safety.

4 Conclusion

In conclusion, beyond its anti-inflammatory function, present study for the first time demonstra-
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ted that RosA can act as a nature enhancer for transdermal percutaneous absorption of CHA with no

cytotoxicity, which provides a new potential for pharmaceutical, surgical and cosmetic applications.
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