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Abstract:
Introduction: Mefenamic acid (MA) is a str
but because of its limited oral bioavailabili side effects that come with taking it
systemically, it is better to apply it topically. oal of this study was to see how certain
permeation enhancers affected mefenam % 01d's n vitro skm permeablhty In manufactured
Franz diffusion cells, mefenamic 3 e abili

permeation enhancers such as co dliye oil, clove oil, eucalyptus oil, and menthol were
conducted and compared to as a control.

Methods: The steady-stat eability coefficient (Kp), and diffusion coefficient are

anti-inflammatory drug (NSAID),

penetration enhancer i ted using Fourier transform infrared spectroscopy (FTIR) to
compare changesd
stretching, C=
absorbance, as

5, C*O stretching (Amide I), and C-N stretching of keratin (Amide II)
erential scanning calorimetry (DSC) to compare mean transition
temperat eir enthalpies (H).

Results: Clove olive oil, and eucalyptus oil were the most effective enhancers, increasing
3.32) and 2.6 times, as well as diffusion coefficient by 3.25, 1.34, and 1.25,

y, when compared to moist skin. FTIR and DSC data show that permeation enhancers
fluidization, extraction, disruption of lipid structures in the SC layer of skin, and

SSION AND CONCLUSION: According to the findings, the permeation enhancers
ed improved drug permeability through excised rat skin. The most plausible mechanisms
r greater ERflux, ERD, and ERP ratios were lipid fluidization, disruption of lipid structure, and
intracellular keratin irreversible denaturation in the SCby eucalyptus oil, menthol, corn oil, olive
oil, and clove oil.
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Introduction
Transdermal delivery is based on medication permeation via skin. Transdermal drug delivery h

against drug penetration. Many techniques have been employid to increaseimedication access
into the lower skin layer and deeper tissues. Permeation enhanceis, both chemieal and physical,

systemic circulation or deeper tissues. The types of enhance
action differ.? Penetration enhancers work by increasiz

fluidization in the SC, and increasing drug thermod vity in the skin and vehicles, as
well as having an influence on drug partition
Mefenamic acid, an enolic acid-class nonster matory medication (NSAID), is

often used to treat mild to moderate pain, hes, tooth discomfort, dysmenorrhea,
rheumatoid arthritis, osteoarthritis, and ogher joi ems. Mefenamic acid is classified as a

eable across biological membranes but has
poor water solubility.? Although ¢ n of mefenamic acid is widely used, it
necessitates frequent dosing eve ursfto maintain steady-state plasma concentrations.* This
route is associated with gast effects such as ulceration, bleeding, or perforation of
the stomach, small intest stine, which can be fatal; as a result, it is
contraindicated in pati i tive ulceration or chronic inflammation of the upper or lower

gastrointestinal tract.’

ared spectroscopy (FT-IR) have been used in recent research to investigate
lipids and skin microstructure. FTIR analysis of skin may be a useful method
¢ interaction of chemical enhancers with SC that produce bands with varied

alyses of the entire rat skin were conducted using DSC and FTIR to determine the
ism by which the characteristics of enhancers/retardants vary in a specific medium.’
infrared spectral bands of the skin are attributed to vibration of protein and lipid

ecules in the SC.8 Lipid vibration is a good way to look at the microstructure of lamellar
pids in the intercellular region of the SC layer. Many of the skin's infrared spectral bands are
caused by the vibration of protein and lipid molecules in the SC. Lipid vibration is a good
predictor of the architecture of lamellar lipids in the intercellular area of the SC layer. stratum



corneum stretching vibrations of C-H symmetric vibration (about 2850 cm™') and C-H
asymmetric vibration (around 2920 cm™) have been recorded. The wave number and width of
C-H stretching peaks increase when the lipids in the SC fluidize. If the shift is to a higher
wavenumber (blue shift), it means that the SC membrane (lipid bilayer) is fluidizing, which
contributes to the breakdown of the barrier properties, allowing more material to pass through
the SC. Lipid groups, on the other hand, reorient, producing a change in wave number (e.g., r
shift) and strengthening of subcutaneous barrier characteristics, which slows permeant transi
through the skin. The phase transition of the lipids is illustrated by an increase or drop in the
band position (wavenumber) of the signals at 2920, 2850, and about 1738 cm™ when
penetration modifier acts on the lipid pathway.”!?Thermal analysis methods such as

stratum corneum. Thermodynamic analysis techniques like differential scanni
(DSC) have been used to study temperature transitions in the stratum corne
function is controlled by the SC, which is the epidermis' outermost laye

with enhancers.'*
The thermotropic behavior of treated skin was examined by mean transition
temperatures (Tm) and enthalpies (H). Any decrease i
breakdown in the bilayer and irreversible protein de e SC. Enthalpy loss is often
linked to lipid fluidization in lipid bilayers a t id Interactions.!

MATERIALS AND METHODS

The ramopharmin pharmaceutica pn efenamic acid (Tehran, Iran). Barij Essence
Iranian Company in Kashan (Irat w ded eucalyptus oil, olive oil, corn oil, clove oil, and
menthol.

Animal experiments
For the in vitro permeation investigation, male Wistar rats weighing 200-250 g were employed.
The abdomen skin hair metictlously cut using an electric clipper and razor after the animal
was sacrificed ug sthesia. The skin was dissected, and any excess subcutaneous fat

nal Academy of Sciences issued recommendations, which were published by the
itutes of Health (U.S. Department of Health and Human Services, Office of

ation tests were conducted using specifically built diffusion cells with an effective area of
t 4.906 cm?. In the donor phase, 2 ml of each natural permeation enhancer was applied to
e surface of the skin for 2 or 4 hours. After that, the donor and receptor compartments were
rinsed and filled with 5ml of 1% w/v mefenamic acid suspension and 30 mL of phosphate buffer
solution (pH 7.4), respectively. As a control, we utilized fully hydrated samples. On a magnetic




stirrer with a heater, the diffusion cell was inserted and clamped in a water bath at 37+ 0.05 °C.
A tiny magnetic bead was used to agitate the receptor medium at 200 rpm. At predefined time
intervals (0.5, 1, 2, 3, 4, 5,6,7,8, and 24 h), 2 ml of the receptor medium was removed and
replaced with an equivalent amount of fresh buffer. The quantity of mefenamic acid was
assessed using a UV spectroscopic technique at 289 nm after the samples were filtered.!® 1
Data Analysis

The total quantity of mefenamic acid that penetrated into the receptor via each unit area of't
diffusion surface was determined and displayed as a function of time. The linear component
the permeation curve's slope was used to compute steady state flux (mg/cm?2.h). Permsg
coefficient (K, cm/h) of mefenamic acid through the skin was calculated using Equ:

K, = ]Ci: ................................. (Equation 1)
Where Jss and Cy are steady state flux and initial concentration of mefenamic acidiin receptor
compartment, respectively. Also, lag time (Tlag) and apparent diffusivi ie app)

parameters were calculated. As h does not represent the actual length o
calculated from this formula is also apparent to D. The value of Dapp is
Equation2:

D app=h%/6Tlah. . evevniveiniiieieiiieinnn, (Equation 2)

Enhancement ratios (ER) were calculated from equ
ER = permeab,l%lty parameter after treatment P V' AN R (Equation 3)

permeability parameter before treatment
Statistical comparison was made using one-w.
significant.
Lag time (Tiag) of drug obtained from the skin al

the cumulative curve of the drug. T fD

d p<0.05 was considered statistically

the line of equilibrium to the axis of time in
calculated from Equation 2: D =h?/ 6Tlag
athway, the D calculated from this formula is

flow rate of the drug is det
the citation of these par:
receptor phase was le
and therefore, a ste C

In this'work, the maximum concentration established in the
of the saturation solubility of the drug in the receptor phase,
entration gradient was established during the experiments, and with

these condition state flux was computed.

Differenti a orimeter (DSC)

Using a DSC ( ~Toledo DSC! System) equipped, the changes in the structure of the entire
skin caused by permeation enhancers were investigated. The skin samples were submerged in

I eation enhancer for 4 hours before being blotted clean. In hermetically sealed
ans, about 6—10 mg of treated skin samples were deposited. At the same time, an
pan'served as a reference. Skin samples were regularly subjected to heat between 20 and
t a rate of 5 degrees per minute. At least three times, each experiment was conducted.
DSC analyzer was calibrated and verified using an indium standard in order to assure data
curacy and reproducibility.!?
T-IR experiments
To eliminate evidence of permeation enhancer, the excised rat skin samples were treated for 4
hours with olive oil, corn oil, clove oil, menthol, and eucalyptus oil, then vacuum dried (650 mm



Hg, 25+1°C) for 30 minutes and kept in desiccators. An FT-IR facility was used to scan the skin
samples in the 4000 to 500 cm™! range (Uker, Vertex70, and Germany).'?

RESULT AND DISCUSSION

Effect of herbal penetration enhancers on mefenamic acid permeability

Table 1, 2 and Figure 1, 2 show the permeability parameters following skin pretreatment wi
natural enhancers for 2 and 4 hours compared to control, as well as the quantity of mefenam
acid penetrated through the rat abdomen skin from different enhancers. Table 1 demoun$tra
impact of natural enhancers' pretreatment for 2 hours on mefenamic acid permeabili a
to control as ERflux (drug flux ratio after and before skin pretreatment with enhabeer)a 2
(drug flux ratio after and before skin pretreatment with enhancer) (drug diffusion coeftie
after and before sk1n pretreatment with enhancer) 12 Accordrng to the findings ptus oil,
ux’and

rol, followed
ol (1.13-fold).
Except for corn oil (p > 0.05), all of the natural penetration ¢ ficant influence
on the diffusion coefficient (p< 0.05), with clove oil having th estenhancement effect
compared to control.
Table 2 illustrates the impact of natural penetration ¢ pretreatment for 4 hours on
mefenamic acid permeability as ERflux and pared to control. According to the
data, eucalyptus oil, olive oil, corn oil, clove substantially enhance mefenamic
acid flux and diffusion coefficient. After in pretreatment, clove oil increased
mefenamic acid ﬂow the most, up to 18 red to control, followed by eucalyptus oil

cers had a significant impact on the diffusion
coefficient, with clove oil having st enhancing effect on the diffusion coefficient
compared to control.

1, 8-cineole makes up ab alyptus oil. Cineole is a cyclic terpene that makes liquid

tratum corneum's lipid structure. This makes it easier for polar

the increase in §
Vegetable i

ability of aminophylline via the human skin. The data revealed that
role in increasing drug permeability, with jojoba oil having the most
Salimi and colleagues looked at how different penetration enhancers

's skin permeability. Transcutol oil, eucalyptus oil, and oleic acid were shown
t impact on skin flux increase.”> Mohammad Soleymani and colleagues looked

ifferential Scanning Calorimetry (DSC)
The thermotropic behavior of treated skin was assessed using mean transition temperatures (Tm)
and corresponding enthalpies (H). Transition temperatures and enthalpies are shown in Table 3,



Tml and Tm2 from hydrated rat skin were 67.5 °C and 112 °C, which means that the lipids in
the skin had melted and the keratin in the skin had been broken down irreversibly. Any decrease
in Tm might be the result of lipid breakdown in the bilayer and irreversible protein denaturation
in the SC. While lipid fluidization in lipid bilayers and protein—lipid complexes is often linked to
a decrease in enthalpy, this is not always the case.!® In human dermal DSC graphs, Kaushik et al.
found three endothermic transition peaks at temperatures of 59-63°C (Tm1), 75-82°C (Tm2),
99.5-120°C (Tm3).They proposed that Tm1 relates to the change of lipid forms from a lam

to a disordered state, Tm2 to protein-lipid or the rupture of polar head groups of lipids, and

to irreversible denaturation of proteins, respectively.'>

When compared to hydrate rat skin, the thermograms of skin treated with menthol sk
Tm2 and H1, H2. Tm1 was also eliminated by menthol. In this study, we found that

changed the structure of the SC layer in a number of ways, including making 1 n1d in
the intercellular area, breaking down lipids in the bilayer, and permanentlygbue own
proteins.

The DSC findings from skin pretreatment with eucalyptus oil reveal red and H1, as
well as decreased H2 and Tm2. This means that eucalyptus more

in the SC layer.

Tml changed to lower melting points and Tm2 rose ingskis with olive oil
thermograms, whereas H1 and H2 were reduced co @ ocontrols. This means that olive oil
may make the skin more permeable by causing,lipi e bilayer to break down and

irreversible protein destabilization in the SC 1

When skin was treated with corn oil, the
higher, respectively, compared to the co

of Tm1 and Tm2 changed lower and
ition, compared to the control, H1 and H2
may increase skin permeability by breaking
down lipids in the bilayer and i destabilizing proteins in the SC layer.

clting points of Tm1 and Tm2 changed lower and

ed to the control. In addition, as compared to the control, H1

and 6 provide spectrum analysis of samples, showing peak position and intensity
om 4000cm™ to 500cm™!. If the wave number increases (blue shift), it indicates that
membrane (lipid bilayer) is becoming more fluid, making it simpler for drugs to enter the
rough the SC.?* On the other hand, lipid groups reorient, causing a change to a lower

e number (e.g., red shift) and strengthening of subcutaneous barrier qualities, resulting in a

owing down of permeant passage through the skin.!!

The spectra of menthol-treated rat skin show changes in peak height and wave numbers. Red
shifts were noticed in skin that had been treated with menthol at wave numbers (2838.63cm™ and



2747.53cm™). This shows that lipid groups have been altered, resulting in a stronger SC barrier.
There was a relative red shift in 1728. 58 cm™ band was observed in skin pretreated with
menthol, indicating the formation of strong hydrogen bonds within the lipid structures.
Pretreating skin rats with menthol had a 75.17 percent reduction in the mean peak height of C-N
stretching (Amide I) absorbance, showing that it interacts mostly with proteins in the SC layer.
Significant reductions in the height of peaks in the 2981.66, 2915.86, 1690.2, and 1642.65 cm;
wave numbers were seen in the FT-IR spectra of skin pretreated with clove oil. According t
findings, clove oil interacts mostly with lipids and proteins in the SC layer. The findings of't
permeability parameters after clove oil pretreatment correlate with FT-IR and DSC

.5

measurements.
Changes in peak height and wave numbers are seen in the spectra of rat skin pre
eucalyptus oil. At wave numbers (2848.59 cm-1 and 2741.57 cm™), red shift
prepared with eucalyptus oil, suggesting lipid reorientation that causes S
to be strengthened. Skin prepared with eucalyptus oil showed a red shi

Skin treated with corn oil showed a blue shift in peak numbe ohits (2981.64,2919.9, 1733.58,
and 1561.21 cm™!), suggesting denaturation of proteins and
The spectra of rat skin pretreated with olive oil revea height and wave numbers.
This implies that when olive oil was used to treat s cak number shifted blue (2981.64,
1733.85 cm™!). This shows that the olive oil d roteins and lipids in the SC layer.
CONCLUSION

According to the findings, the permeation
through excised rat skin. The most plausi
ratios were lipid fluidization, disruption
denaturation in the SC by eucaly

tilized improved drug permeability

s for greater ERflux, ERD, and ERP
cture, and intracellular keratin irreversible
, corn oil, olive oil, and clove oil.
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Table 1: Permeability parameters after 2 ho
compared with control (Mean = SD, n =

?@ ou etreatment rat skins with

atment with permeation enhancers

Enhancer | Jis(mg/cm?h | Dapp(cm?/h) Tiag(h) ERflux | ERD ERP
)
Control 0.0060+0.00 h70.0006:0.0000 | 5.62+0.1 | - - -
010 0
Menthol 0.0067+0.00 | 0. 0.0007+0.0001 | 420402 | 1.13+0.2 | 1.12£0.35 | 1.13+0.28
010 0 0 2 8
Eucalyptus | 0.01900.00480:0 0.0019+0.0001 | 2.60+0.6 | 3.32+1.2 | 1.51<1.03 | 3.31+0.26
oil 100 & 0 2 6
Olive oil 0.014 ) 0.0014+0.0002 | 3.85+0.8 | 2.60+1.5 |3.91£0.95 | 2.60+0.57
100 ‘ 0 6 7
Corn oil 0.0 0.0826+0.011 | 0.0007+0.0002 | 3.30£0.6 | 1.199+0. | 1.46+0.70 | 1.20+0.35
00 0 0 35
0.1103+0.008 | 0.0046£0.0003 | 1.93+0.0 | 7.91£0.8 | 6.24+0.59 | 7.90+0.06
00 0 1 0
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Table 2: Permeability parameters after 4 hours pretreatment with permeation enhancers
compared with control (Mean £+ SD, n = 3)

Enhancer Jss(mg/cm?.h) | Dapp(cm?/h) | P(cm/h) Tiag(h) ERflux ERD E

Control 0.0060+0.000 | 0.1093+0.01 | 0.0006%0.0000 | 5.61+0.1 | -
1 7 1 0

Menthol 0.0126+0.000 | 0.4095+0.00 | 0.0012+0.0001 | 1.42+0.5 | 2.17+0.68
1 2 0 0

Eucalyptus 0.0208+0.001 | 0.1808+0.00 | 0.0020+0.0010 | 2.85+0.7 | 3.57+0.64

oil 0 2 0 0

Olive oil 0.0206+0.002 | 0.4976+0.03 | 0.0020+0.0001 | 0.30+0.0 | 3.63+0.5 49.83+0. | 3.63+0.56
0 0 00 3

Corn oil 0.0158+0.001 | 0.0627+0.00 | 0.0015+0.0010 | 1.74+0.6 2.82+0.6 | 2.65+0.20
0 4 0 0 6

Clove oil 0.1098+0.050 | 0.0337+0.00 | 0.0110+0.0020 | 4. 0 1.55+0.0 | 18.35+0.4
0 3 0 5 0

Table 3: Effect of permeation enhancer on al properties of Excised rat skin (mean +

SD, n = 3).
Enhancer Penetration Transition enthalpy (mj/mg)
Enhancer
Tm; H1 H2
Water(control) 112.0+6.6 7.010+0.4 552.449.0
Menthol 124.0+0.1 0 2.7+0.3
Eucalyptus oil 127.5+1.1 2.672+0.1 8.9+0.8
Olive oil 115.0+£0.9 5.84440.6 6.2+0.2
Corn oil 118.1£1.1 0 99.9+2.1
Clove oil 116.0+0.5 0.900+0.2 2.240.1

mperature of lipids; SC Tmz= mean transition temperature of
ation of intracellular SC keratin; H;= transition enthalpy of lipid phase SC
alpy of keratin phase SC

C-H C-H C=0 Amidel Amidell
stretching stretching stretching of
Asy Sym lipid ester

water 2981.77+0.16 | 2856.34+0.16 | 1731.684+0.14 | 1667.04+0.12 | 1547.67+0.11
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menthol

2838.63+0.15

2747.53+0.13

1728.58+0.11

1603.87+0.16

1538.91+0.20

Eucalyptus oil

2848.59+0.12

2741.57+0.15

1791.51+0.13

1654.93+0.18

1565.24+0.12

Olive oil

2990.78+0.12

2887.85+0.14

1743.31+0.18

1626.18+0.18

1549.92+0.15

Corn oil

2981.64+0.21

2919.9+0.14

1733.85+0.19

1647.25+0.13

1561.27+0.14

Clove oil

2981.66+0.15

2915.86+0.11

1690.2+0.21

1642.65+0.17

Table 5. Decrease in mean peak height (+ SD), compared with control (hydrated skin) of C

stretching (Amide I) and C-N stretching of keratin (Amide II) absorbance of abdominal hydrate

whole skin rat following treatment with different enhancers (Mean + SD, n=3)

%Decrease in peak height (%D) = (peak hei
solvent treated whole skin)/ peak height from
*N.D = No Decrease in peak height

Table 6. Decrease in mean peak hei +
stretching (Amide I) and C-N str

whole skin rat following trea

Enhancer Asymmetric C-H Symmetric C-H

stretching stretching

Wave %D Wave %D

number number
water 1.8355+0.008 | ----- 1.95+0.005 -
menthol 0.527+0.050 | 71.29 2.96
Eucalyptus oil 0.517+£0.010 | 71.83 62.40
Olive oil 0.381+0.001 | 79.24 79.38
Corn oil 2.272+40.005 | N.D 2.079+0.005 | N.D
Clove oil 1.227+0.004 | 33.15 0 100.00

ca

éd whole skin-peak height from
skin x 100

pared with control (hydrated skin) of C=0O
keratin (Amide IT) absorbance of abdominal hydrated
different enhancers (Mean + SD, n = 3)

Enhancer Amidel stretching of keratin | Amide2 stretching of keratin
ave number %D Wave number %D
2.111£0.006 - 2.151+0.005 -
1.2+0.009 43.15 0.534+0.009 75.17
0.727+0.005 65.56 0.727+0.007 66.20
0.479+0.010 77.31 0.611+0.010 71.59
2.14£0.006 0.52 2.04+0.011 5.16
1.889+0.020 10.52 1.94+0.006 9.81
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