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ABSTRACT

Carvedilol is a cardio-selective beta-blocker that is used to treat high blood pressure and heart failure. It has a
protein binding of more than 98%. Its bioavailability is less than 23% during oral use, with a duration of action of
about 6 hours. Transdermal drug delivery has advantages over oral dosing, which includes no first-pass liver
metabolism and continuous drug release. In this study, the effect of chemical penetration enhancers on the
permeability and skin absorption of carvedilol is investigated. Labrazol, labrafil, labrafac, Castor oil, and oleic
acid were used as chemical penetration enhancers and rat skin was used as an animal model. The effect of
enhancers on skin structure was studied by using DSC technique. The results of the permeability parameters
showed that the highest permeation amount obtained from labrafac. The amount of flux and partitioning compared
to control increased, as well as all chemical enhancers decreases the lag time compared to control. Castor oil had
the least effect on increasing the drug's permeability from the skin. The result of the DSC technique also
confirmed the same results. The use of chemical enhancers due to changes the structure of the skin to increase the

permeability of the drug can be considered as suitable excipients in transdermal delivery of carvedilol.
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INTRODUCTION
Carvedilol is a racemic compound of two enantiomers,
that block the activity of B and o, adrenergic receptors,
which is why it is used as an auxiliary drug for patients
with heart failure."

Carvedilol is a white powder to pale yellow, practically
insoluble in water. It is completely soluble in dimethyl
sulfoxide. Soluble in methylene chloride and methanol
and is dissolved in low amounts in ethanol and isopropyl
alcohol. It strongly binds to proteins, as well as a small
dependence on maladaptive and high endurance
potentials.! Carvedilol has several specific features,
such as low molecular weight, desirable logarithmic
partition coefficient, and low dose tolerance.”!

Carvedilol is one of the drugs prescribed in the long-term
treatment  of  hypertension, which upon oral
administration is rapidly absorbed in the stomach and
intestine by about 80%. However, its bioavailability is
less than 23% as this drug is significantly and rapidly
expanded to the first course of metabolism in the liver by
the enzyme cytochrome p450 and is excreted. It also
found that the concentration of this drug in the urine is
less than 0.3%.1 The drug has a plasma half-life of
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about 6 hours.®’! Studies on the bioavailability of the
carvedilol skin patches indicate that these patches can
provide steady state levels of carvedilol with minimal
fluctuations, and a bioavailability of about 70% as
compared to oral administration.®! The delivery of the
drug is continuous and the plasma levels of the drug is
constant and prolonged. This helps to prevent variability
of the drug in patients undergoing long-term treatments.
The treatment can also be discontinued at any time.®
Several factors should be considered in the development
of a dermatologic delivery system. These factors can be
categorized into 5 groups: pharmacologic activity of the
drug, skin characteristics, formulation, adhesion and
design of the drug delivery system. Absorption is a key
factor that increases the absorption of drug through skin
or mucus barriers, although the exact mechanism of this
delivery system is not clearly known yet.!" Although the
results of in-line experiments are very reliable for
formulations, outsourcing studies also have many
advantages. Study of several factors is possible with this
method. Further, the conditions of the investigation are
easily determinable and stable, and time to completion of
experiment is less and at a lower cost.® In this study, the
effect of absorption of chemical additives on the
absorption of carvedilol is considered
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MATERRIALS AND METHODS

MATERIALS

Carvedilol powder was purchased from Tolid daru
pharmaceutical company (Tehran, Iran). Labrafil,
labrafac and labrazol was obtained as gift samples
(Gattefosse, Saint-Priest, France). Castor oil, oleic acid
and potassium phosphate monobasic and dibasic were
purchased from merck company.

METHODS

Measurement of Carvedilol

With the help of a valid method for measuring the drug,
the permeability of the drug from the skin was
determined with the help of absorbance. In this research,
UV spectrophotometer was used at a wavelength of 242
nm. The choice of the wavelength was based on the
absorbance spectrum of carvedilol in buffer pH = 7.4 and
methanol. It is this wavelength that gives maximum
optical absorption of carvedilol with no interference
observed from other materials. To prepare a standard
curve, a concentrate 2mg/ml of the drug was prepared in
pH 7.4 and methanol phosphate buffer, and 0.25, 0.5, 1,
1.5, 2, 2.5% was prepared at a concentration of 10 ml.
And at a wavelength of 242 nm in three different days,
each time three times the absorbance is read by the
spectrophotometer and the standard curve is drawn using
the numbers obtained.

In vitro skin permeation study

Male wistar rats were used for the preparation of the
skin. After killing them with high doses of thiopental
sodium, their abdominal hair was shaved and entire skin
of that area was separated. The skin samples were kept in
the freezer until all skin absorption tests were completed.
Before use, the skin samples are removed from the
freezer and kept out in room temperature. The skin was
then cut into small pieces and placed in the vertical glass
diffusion cells fabricated in house(with an effective
diffusion area of approximately 3.46 cm?) at 37°C for 1
hour in contact with the receptor and receptor phase.
After which, 1 g of the selective penetration enhancer
was placed on the skin for a period of 4 hours then
excess penetration enhancer was removed from the
surface of the skin and 5 g of 1% aqueous solution of
carvedilol was placed on the skin in the donor
compartment, and the recipient phase was filled with
phosphate buffer solution (pH = 7.4) and methanol as the
drug solvent and stirred with a small magnetic bead at
200 rpm. The study was started and at specific times
(0.5, 1, 2,3,45......,72 h), a 2 ml of the receptor medium
was withdrawn and immediately replaced with an equal
volume of fresh receptor medium to maintain sink
condition. The samples filtered and the permeated
amount of carvedilol was determined by UV
spectroscopy method at 242 nm.*!

Permeation Data analysis and statistics

The cumulative amount of carvedilol permeated through
unit area of the diffusion surface into the receptor was
calculated and plotted as a function of time. Steady-state
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flux (mg/cm?/h) was calculated from the linear portion of
the slope of the permeation curve. Permeability
coefficient (Kp, cm/h) of carvedilol through the skin was
calculated as in Equation (1):1*?

Kp = Jss/C, Equation (1)

where Jss is steady-state flux and C, the initial
concentration of carvedilol in the donor compartment.
Enhancement ratios(ER) were calculated from
permeation parameters after enhancer treatment divided
by the same parameters before enhancer treatment.

Statistical comparison was made using one-way
ANOVA and p < 0.05 was considered statistically
significant.
Pretreatment of skin with  chemical
penetration enhancers

For pretreatment of skin samples, fully skin samples
were pre-treated with putting 2 ml of a chemical
enhancer on the surface of skin in the donor phase for 4
hours. The donor and receptor compartments were then
washed with water and filled with aqueous solution of
carvedilol and pH 7.4 and methanol phosphate buffer,
respectively. The effect of chemical enhancers was
evaluated for carvedilol permeation through fully skin
samples. Labrazol, labrafil, labrafac, Castor oil, and oleic
acid were used as as chemical penetration enhancers.
Fully hydrated samples were used as controls. To
minimize experimental errors arising from biological
variability, each piece of skin was used as its own
control.1*%]

samples

Evaluation of the effect of penetration enhancers on
Skin Structure Using DSC technique

To investigate the mechanism of enhancement effect on
the lipid and protein structure of the skin, the rat skin
was checked after exposure to each of penetration
enhancer for 4 hours without any drug and then dried in a
vacuum. The extra penetration enhancer was removed
from the skin samples. The skin sample was divided into
smaller portions and taken for DSC (Differential
scanning calorimetery). Changes in the structure of the
protein and lipid was compared to the non-treated skin
for the penetration enhancer in terms of changes in the
temperature and phase transition enthalpy of the lipid
and protein in DSC.2% The changes in structure of whole
skin induced by chemical penetration enhancers were
examined using a DSC (Mettler Toledo DSC* system)
equipped. The fully hydrated skin samples were first
immersed in a chemical penetration enhancer for 2 h and
the excess of the enhancer was blotted out before they
were hermetically sealed to avoid evaporation of water.
Approximately 6— 10 mg of pre-treated skin samples
were placed in hermetically sealed aluminium pans.
Simultaneously an empty hermetically sealed pan was
used as a reference. Skin samples were exposed to heat
ranging from 20 to 200 °C (scan rate: 50C/min). In order
to ensure accuracy and repeatability of data, DSC
analyzer was calibrated and checked with indium
standard.™?
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RESULTS AND DISCUSSION

Carvedilol Assay

The relationship between different concentrations of
carvedilol in UV absorption is shown in figure 1. The
correlation coefficient obtained (R? = 0.9945) indicates a
linear correlation between different concentrations of
carvedilol and their optical absorption, which means that
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99.45% of the concentration values are estimated by
optical absorption, which indicates the relationship
between the concentration and optical absorption.
According to the equation Abs = 2.1804x + 0.1062, the
concentration of drug solution can be calculated by
measuring optical absorption.
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Figure 1. The relationship between different concentrations of carvedilol in phosphate buffer solution (pH 7.4)

and methanol and their optical absorption (Mean * SD).

Effect of the chemical penetration enhancers on
carvedilol permeability

Permeability parameters after skin pretreatment for 4
hours with different penetration enhancers compared
with control for carvedilol through the rat abdominal
skin are presented in table 1, table 2 and figure 2,
respectively. The results show that the highest absorption

effect in terms of drug permeability is labrafac, and in
terms of increasing the coefficient of distribution of oleic
acid in relation to carvedilol. Treatment with chemical
enhancers increases the amount of flux and
distributability compared to control, as well as
absorption increases the time of the munition compared
to control.

Table 1: Skin permeability parameters of carvedilol after pretreatment with various penetration enhancers

com

ared with control (Mean = SD, n = 3).

Enhancer Jss (mg/cm®.h) Dapp (cM?/h) P (cm/h) Tiag ()
Control (water) |  0.1116 + 0.0022 0.0178 + 0.0017 0.0018 + 0.0006 3.0494 + 0.2898
Labrazol 0.2928 + 0.0064 0.0345 + 0.0018 0.0058 + 0.0001 1.5691 + 0.0827
Labrafil 0.3347 +0.0109 0.1073 + 0.0032 0.0067 + 0.0002 0.5047 + 0.0153
Labrafac 0.7267 + 0.0222 0.0362 +0.0068 0.0145 + 0.0004 1.5209 + 0.2846
Oleic acid 0.6775 + 0.0049 0.2540 +0.0564 0.0135 + 0.0009 0.2185 + 0.0485
Castor oil 0.1453 + 0.0156 0.1579 +0.0319 0.0029 + 0.0003 0.35 + 0.0707

Table 2: Enhancement Ratios of skin permeability parameters of carvedilol after pretreatment with various
penetration enhancers compared with control (Mean = SD, n = 3).

Enhancer ER flux ERD ERp
Control(water) - - -
Labrazole 2.6236+ 0.0038 1.9412+ 0.0822 3.4098+1.1081
Labrafil 3.0007+0.1584 6.0538+ 0.7574 3.9345+1.4790
Labrafac 6.5150+ 0.3310 2.0588+ 0.5758 8.5397+3.1944
Oleic acid 6.0724+0.1674 14.4550+4.5336 7.9297+2.7940
Castor oil 1.3012+0.1136 8.9797+2.6422 1.6675+0.4043
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Figure 2: Cumulative permeability profile of carvedilol through a surface area with water, labrazol, labrafil,
labrafac and oleic acid, and castor oil from the whole skin of the rat.

The Effect of Chemical penetration Enhancers On
Rat Skin Using DSC technique

The DSC method is widely used to detect lipid melting
points, phase transmission of lipid bilayers, and
denaturation of proteins present in the horny layer. This
method investigates the pre-invasive thermotropic
behaviour of various proximal chemical enhancers in
terms of average phase transition temperature (Tm) and
their enthalpy. The displacement of the phase transition

temperature to lower temperatures indicates that the lipid
layer is impaired and the non-reversible denaturisation of
the protein structure is in the horny layer. While the
decrease in the enthalpy indicates lipid fluidization in the
lipid bilayer and lipid-protein complex in the horn
tissue."*®! Table 3 and figure 3-8 represented mean
transition temperature and enthalpy values of different
penetration  enhancers and their  thermograms,
respectively.

Table 3: Mean transition temperature and enthalpy values in the skin of the rats after contact with water and

various penetration enhancers (n = 3, mean + SD).

Transition temperature(°C) Enthalpy(mj/mg)

Treatment Tm, Tm, A, A,
Control 67.5+0.9 112+0.1 7.01+0.03 551.35+0.1
Labrazole 40£0.2 116+0.1 3.849+0.01 5.124+0.2
Labrafil 37+0.1 122+0.1 0.58+0.01 3.3+0.1
Labrafac 37.1+0.2 118+0.5 0.77+0.04 31.1x1.1
Oleic acid 36.1+0.1 124+0.5 4.29+0.3 5.89+0.4
Castor oil 35+0.2 123+0.4 1.86+0.1 2.67x0.2

Tm;, mean transition temperature of lipids; Tm,, mean transition temperature of irreversible denaturation of
intracellular stratum corneum keratin; AH, transition enthalpy of lipid phase; AH,, transition enthalpy of keratin phase.

The effect of increased absorption of labrazol on the skin
of the rat shows a decrease in Tml and Tm2 and
decrease of AH1 and AH2, indicating the effects of lipid
imbalance and the irreversible denaturation of the protein
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structure on the horny layer of the skin as well as the
fluidization of the lipid and lipid-protein complex in the
horn tissue.
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Figure 3: DSC thermogram of complete abdominal skin of the rat after contact with labrazol.
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Figure 4: DSC thermogram of complete abdominal skin of the rat after contact with labrafil.
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The results of DSC related to the effect of absorbing
labrafac on the skin also showed a decrease in Tm; and
Tm,, and decrease in AH; and AH, levels as compared to
control. These results also indicate a lipid layer disorder

www.ejbps.com | Vol 7, Issue 11, 2020.

and interference with the keratin of the horn layer, as
well as the fluidization of lipids and lipid-protein
complexes.
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Figure 5: DSC thermogram of complete abdominal rat skin after contact with the labrafac.
DSC results from the effect of high oleic acid enhancers denaturation in the lipid structure and fluidization of the

on the skin show a decrease in Tm; an increase in Tmy, lipid bilayer which has previously been proven by the
and decrease in AH; and AH, levels. Which indicates a researchers.
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Figure 6: DSC thermogram of complete abdominal rat skin after contact with oleic acid.

DSC results of the effects of chemical enhancers of layer and lipid fluidization in the bilayer and lipid-

castor oil indicate a decrease in Tm; and Tm,, and protein complexes.
decrease in AH; and AH; levels, indicating impaired lipid
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Figure 8: DSC thermogram of complete abdominal rat skin after contact with water.

The results showed that the highest absorption effect in
terms of drug permeability has been obtained by labrafac
and in terms of increasing the coefficient of distribution
of oleic acid in relation to carvedilol. Treated chemical
enhancers increases the amount of flux and
distributability as compared to control, as well as
absorption increases the time of the munition as
compared to control. Among the chemical enhancers,
castor oil has the weakest outcomes in increasing the
permeability of the drug from the skin.

According to the results, it was found that labrafac had
the highest rate of drug, 6.5 times higher than control
group and castor oil which was 1.30 times of the control
had the lowest rate of drug permeability.

www.ejbps.com | Vol 7, Issue 11, 2020.

The present study showed that the different chemical
enhancers can alter the physicochemical and
permeability parameters of the drug during permeation to
rat skin. Although all the enhancers increased and
improved permeability through the control, the best
results was for labrafac and oleic acid, and the weakest
effect was on castor oil.
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