Acta Pharmaceutica Sciencia
53:99-105(2011)
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Abstract

The aim of this study was to evaluate the diffusion rate of metronidazole through human skin and different

synthetic membranes. Metronidazole is a drug used in the treatment of infections caused by anaerobic

bacteria, also used in vaginal infections, antibiotic-associated pseudo-membraneous colitis, trichomoniasis

and symptomatic amebiasis. Metronidazole has small molecular weight (171.16), low pKa value (2.62)

and sparing solubility in different media and is chosen as a model drug in this study. Diffusion

experiments were conducted using Franz diffusion cells and the related diffusion coefficients were.
calculated. The diffusion of metronidazole from aqueous and oily phases through human skin showed the

same type of trendline as with the hydrophobic synthetic membrane (GVHP). Therefore, we can conclude

that GVHP might be used to test drug permeation simulating the human skin.
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Introduction

Metronidazole is a drug used in the treatment of infections caused by anaerobic bacteria, also
used in vaginal infections, antibiotic-associated pseudo-membraneous colitis, trichomoniasis and
symptomatic amebiasis (Rivera 1983, Martindale, 2007). It is a drug of first choice in the
infections of Helicobacter pylori (Megraud, 2000) and it has also been reported to be of value in
Crohn’s disease (Achkar and Hanauer 2000, Remington 2006). Metronidazole is named as 2-
methyl-5-nitroimidazole-1-ethanol or 1-(2-hydroxyethyl)-2 methyl-5 nitroimidazole. Its formula
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Figure 1. Chemical structure of metronidazole
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is C,HoN;0 and the chemical formula can be seen in Fig. 1 (Moffat 1986, Turguf and Ozyazic
2004, Remington 2006). In this study we chose metronidazole as a model drug because of its
small molecular weight (171.16), low pKa value (2.62) and sparing solubility in different media
(Castela-Papin et al. 1999). '

Mathematical predictions provide a useful indication of drug uptake and permeation across the
skin, but refinement is necessary before there can be total confidence in the models. Prior to any
clinical assessment, it is essential to have appropriate in vitro models available. Numerous
studies have examined animal models, and none can be said to be perfectly predictive of human
skin. Most vehicles have an effect on the barrier properties of the skin, and the effect varies with
the animal species. Of all the species examined, the pig appears to be the most representative,
but whenever possible, human skin should be the membrane of choice (Guy and Hadgraft 2003).
According to this information, apart from the synthetic membranes, we evaluated the diffusion
of metronidazole through human skin. Most common methods for evaluation of in vitro skin
penetration use diffusion cells. The major advantage of in vitro investigations is that the
experimental conditions can be controlled precisely, such that the only variables are the skin and
the test material (Brain et al. 2002). Several diffusion studies conducted with Franz diffusion
cells using synthetic membranes (Arellano et al. 1998, Dias et al. 1999, Miiller and Kreuter
1999, Manosroi et al. 2005), natural membranes (Ansari et al. 2006) and human skin (Dias et al.
1999, Saija et al. 2000, Ansari et al. 2006, Reichling et al. 2006, Melero et al. 2009) were

reported previously.

The present study aimed to evaluate the diffusion rates of metronidazole in aqueous and oily
phases through human skin and different synthetic membranes. Metronidazole was used as a
model drug throughout the study.

Materials and Methods

Metronidazole as a pure drug was obtained from Selectchemie, Switzerland. Membrane filters with the
codes of GNWP, HAWP, VCTP, VCWP and GVHP were purchased from Millipore, USA. Dialysis sacks
were purchased from Sigma-Aldrich, Germany. Human skin samples were obtained from breast reduction
operations. All solvents used were of pharmaceutical grade. The characteristics of the membranes are

shown in Table 1.

Table 1. Characteristics of human skin and synthetic membranes used in diffusion studies

Type of membrane pore size (um) | thickness (pum) nature
Human gkin - 600 -

GVHP (polyvinylidene fluoride) 0.22 125 hydrophobic
VCTP (polycarbonate) 0.10 20 hydrophilic
VCWP (mixed cellulose ester) 0.10 105 hydrophilic
GNWP (nylon) 0.22 170 hydrophilic
HAWP (mixed cellulose ester) 0.45 150 hydrophilic
Dialysis membrane (cellulose) - 125 hydrophilic
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Solubility studies

Metronidazole in an amount in excess of its solubility was placed in pH 7.4 buffer in a bottle maintained
at 37 =+ 0.5 °C and shaken in a constant temperature water bath (Certomat WRB. Braun, Biotech
International) for 24 h. After ensuring that the equilibrium had been reached, the solution was filtered and
the supernatant solution was diluted and assayed using UV spectrophotometer at the wavelength of 318.5
nm (UV Mini-1240 Schimadzu, Tokyo, Japan).

Diffusion studies

Diffusion experiments were conducted using Franz diffusion cells that have a receptor volume of 31 mL
and a diffusional area of about 3.14 cm”. pH 7.4 phosphate buffer solution was used as the receptor phase.
All the diffusion studies were performed under sink conditions for metronidazole. Synthetic membranes
and human skin sample without the subcutaneous fat (Saija et al. 2000) were used as a diffusion surface.
Metronidazole in an aqueous phase (metronidazole and water) and in an oily vehicle (metronidazole and
triglyceride) were introduced into the donor compartments and 3 mL of pH 4.0 buffer solution was added
into the same compartment. The receptor compartment of the cell was maintained at 32'C. Teflon coated
magnets were used to agitate the receptor compartments to provide uniform mixing. Sink condition was
maintained throughout the experiment. The diffusion experiments were carried out using synthetic
membranes and conducted over a 24 h period with predetermined time intervals of 0.5, 1,2,3,5,7,24 h
while the diffusion experiments using human skin were conducted over a 72 h period with predetermined
time intervals of 1, 3, 5, 7, 24, 48, 72 h. Samples were taken from the receptor part and replaced with an
equal volume of receptor phase and all samples were assayed using a UV spectrophotometer.

Skin sample preparation

Full thickness human skin from a female volunteer (40 years old), who had undergone abdominal plastic
surgery, was used. Immediately after excision, subcutaneous fat was removed by means of a scalpel and
the skin was stored at -20°C until used (Wagner et al., 2000).

Data Analysis
Apparent diffusion coefficients were calculated according to the following equation of Higuchi (Higuchi,
1962):

Dy, = [(slope)®. 7] / 4C*
Where D,,,: apparent diffusion coefficient; slope: when the amount of drug released to the receptor per
unit area is plotted versus square root of time, a straight line should be obtained, the slope of which is
related to the release rate of metronidazole. Regression analysis was used to calculate the slope; C: the
initial concentration of metronidazole.
Statistical Aﬁalysis

The results were expressed as means + standard deviations. Unpaired, two-tailed t-tests were performed at
each time point. The threshold for statistical significance was at p < 0.05.

Results and Discussion

The equilibrium solubility of metronidazole in pH 7.4 phosphate buffer solution was found to be
10.092 £0.317 mg/mL. The effects of synthetic membrane types on thediffusion of
metronidazole from oily phase are shown in Fig. 2. The results in Fig. 3 show the effects of
synthetic membrane types on the diffusion of metronidazole from aqueous phase. It is apparent
that the diffusion of metronidazole from the oily phase is significantly slower than the diffusion
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of metronidazole from the aqueous phase for all types of synthetic membranes used throughout
the study (p<0,05). When the hydrophobic membrane (GVHP) was used, the diffusion rates of
metronidazole were reduced compared with the diffusion rates from the hydrophilic membranes
used. All the diffusional profiles of metronidazole from the membranes used, showed a
logarithmic type of trendline except the diffusional profile of metronidazole from aqueous phase
through GVHP synthetic membrane which showed a linear type of trendline (Fig. 2, 3).

The effect of human skin on the diffusion of metronidazole both from aqueous and oily phase is
shown in Fig. 4. It is apparent that the diffusion of metronidazole through human skin is
signiﬁcantly slower than through all the synthetic membranes used (p<0,05). The diffusional
profiles of metronidazole from aqueous phase through human skin and GVHP synthetic
membrane showed a linear type of trendline (Fig. 2 and 4) while the diffusional profiles of
metronidazole from oily phase through human skin and GVHP synthetic membrane showed a
logarithmic type of trendline (Fig. 3 and 4). The apparent diffusion coefficients of metronidazole
through human skin and synthetic membranes calculated according to the equation given in the
data analysis part are shown in Table 2. The diffusion coefficients of metronidazole from
aqueous phase through human skin and GVHP synthetic membrane being higher than the oily
phase can be attributed to the linear diffusional profile of metronidazole from aqueous phase
through both membranes. Similar results indicating the slower diffusion of drugs through human
skin compared with their diffusion through the synthetic or natural membranes were indicated by
a group of researchers. Dias et al. found out that the transport of caffeine from commercially
available topical formulations through silicone and cellulose acetate membrahe, mounted in
modified Franz type diffusion cells, was faster than through human epidermis. They concluded
that no correlation was found between transfer through the synthétic membranes and that

observed through skin (Dias et al. 1999).

Table 2. Apparent diffusion coefficients (Dapp: mean + SD) of metronidazole
through human skin and synthetic membranes (cm?/s)

Type of membrane Aqueous phase Qily phase
Human skin 6.7x10°+4.8x10° 12x10%+1.0x10°

GVHP 114.0x107+44.6x 107 | 28.4x107£36.0x 107
VCWP 68.7x107+142x 107 | 472x107£21.5x 107
VCTP 87.0x107£358x 107 | 51.1x107+11.0x 107
GNWP 392x107+21.8x 107 | 52.1x107+£9.8x 107
HAWP 48.6%x107+12.6x 107 | 63.7x107+12.0x 107

Dialysis membrane | 90.1x 107+ 14.8x 107 | 105.0x 107£10.0x 107
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Ansari et al. worked with natural membranes such as the outer membrane of the peach and
tomato, the inner layer of the egg and the middle membrane of the onion measuring permeation
of diclofenac, metronidazole and erythromycin. The permeation of these drugs through natural
membrane~ was compared to permeation through human skin and synthetic cellophane
membrane using a modified Franz diffusion cell. They found out that the most similar diffusion
profiles were those of onion and human skin for diclofenac, tomato and human skin for
metronidazole, onion and cellophane membrane for erythromycin (Ansari et al. 2006).

& GVHP
40

BVCTP
35

aVCWP
30

xdialysis

5 1 memb
X GNWP

—
Q@ o
\ 3

diffused amount (mg)
NN

o (3]
5

02 4 6 81012141618202224
time (h)

Figure 2. The effect of synthetic membrane type on the diffusion of metronidazole from oily phase (n=3).
The error bars show S.D.

40 $EVHP
35 BVCTP
30 AVCWP
E xdialysis
E x BRWe
220 :
E ® HAWP
g 15
1]
o
g10
T
5
P
0246 8101214 1618202224

time (h)

Figure 3. The effect of synthetic membrane type on the diffusion of metronidazole from aqueous phase
(n=3). The error bars show S.D.
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Figure 4. Diffusion of metronidazole from aqueous and oily phases through human skin (n=3). The error
bars show S.D.

Conclusion

From the results we obtained, we can conclude that metronidazole in oily phase having a
hydrophobic structure accumulated inside the skin. The diffusion of metronidazole from aqueous
and oily phase through human skin showed the same type of trendline with the hydrophobic
synthetic membrane (GVHP). Therefore GVHP might be used to test drug permeation
simulating human skin. Further work should be done to support this conclusion.
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Ozet

Bu caligmanmn amaci insan derisi ve farkli sentetik membranlardan metronidazoliin difiizyon hizinin
degerlendirilmesidir. Metronidazol anaerobik bakteriler tarafindan olusan enfeksiyonlarn tedavisinde
kullanilan bir ilagtir ayrica vajinal enfeksiyonlarda, antibiyotik ile baglantili psédomembrandz kolit,
trikomoniyaz ve semptomatik amebiyazis tedavisinde kullamlmaktadir. Metronidazol diisiik molekiil
agirhign (171.16), disiik pKa degeri (2.62) ve farkli ortamlarda az ¢dziinurligi olan bir ilagtir ve bu
calgmada model ilag olarak secilmistir. Difiizyon deneyleri Franz difiizyon hiicreleri kullanilarak
gerceklestirilmis ve diflizyon katsayilar1 hesaplannugtir. Metronidazoliin  sulu ve yagh fazdan
difiizyonunda hidrofobik sentetik membran GVHP’nin insan derisi ile aym egilim ¢izgisini gosterdigi
belirlenmistir. Bundan dolayi, GVHP’nin ilag permeasyonunda insan derisini simiile edebilecegi sonucuna

vartlmigtir.

Anahtar kelimeler: metronidazol, difiizyon, insan derisi, sentetik membranlar

References

Achkar, J.P., Hanauer, S.B. (2000). Medical therapy to reduce postoperative Crohn’s disease recurrence. Am. J.
Gastroenterol. 95: 1139-1146.

104



Ansari, M., Kazemipour, M., Aklamli, M. (2006). The study of drug permeation through natural membranes. Int. J.
Pharm. 327 6-11. ’

Arellano, A., Santoyo, S., Martin, C., Ygartua, P. (1998). Influence of propylene glycol and isopropyl myristate on
the in vitro percutaneous penetration of diclofenac sodium from carbopol gels. Eur. J. Pharm. Sci. 7: 129-135.

Brain, K.R.,, Walters, K.A., Watkinson, A.C. (2002). Methods for studying percutaneous absorption. In
Dermatological and Transdermal Formulations. Editor: K.A. Walters, New York: Marcel Dekker, Inc., pp. 198-199.

Castela-Papin N, Cais S, Vatier J. (1999). Drug interactions with diosmectite: a study using the artificial stomach-
duodenum model, Int. J. Pharm. 182: 111-119.

Dias, M., Farinha, A., Faustino, E., Hadgraft, J., Pais, J., Toscano, C. (1999). Topical delivery of caffeine from some
commercial formulations. /nt. J. Pharm. 182: 41-47.

Guy, R.H., Hadgraft, J., (2003) Feasibility assesment in topical and transdermal delivery: Mathematical models and in
vitro studies. In:Transdermal Drug Delivery. Editors: R.H. Guy, J. Hadgraft, New York: Marcel Dekker, Inc., pp. 12-

13. :
Higuchi, W.I. (1962). Analysis of data on the medicament release from ointment. J. Pharm. Sci. 51: 802-804.

Manosroi, J., Apriyani, M.G., Foe, K., Manosroi, A. (2005) Enhancement of the release of azelaic acid through the
synthetic membranes by inclusion complex formation with hydroxypropyl-B-cyclodextrin. Int. J. Pharm. 293: 235-

240. _
Martindale The Complete Drug Reference (2007) 35" ed., The Pharmaceutical Press, London.

Megraud, F. (2000). Strategies to treat patients with antibiotic resistant Helicobacter pylori. Int. J. Antimicrob. 16:
507-509.

Melero, A., Garrigues, T.M., Alos, M., Kostka, K.H., Lehr, C.M., Schaefer, U.F. (2009). Nortriptyline for smoking
cessation: Release and human skin diffusion from patches. Int. J. Pharm. 378: 101-107.

Moffat, A.C., Clarcke’s Isolation and Identification of Drugs, Metronidazole, (1986) 2md ed., Pharmaceutical Press
London.

Miiller, B., Kreuter, J. (1999). Enhanced transport of nanoparticle associated drugs through natural and artificial
membranes- a general phenomenon?. Int. J. Pharm. 178: 23-32.

Reichling. J., Landvatter, U., Wagner, H., Kostka, K.H., Schaefer, U. (2006). In Vitro studies on release and human
skin permeation of Australian tea tree oil (TTO) from topical formulations. Eur. J. Pharm. Biopharm. 64: 222-228.

Remington, The Science and Practice of Pharmacy, (2006) 21 edition, USA.

Rivera, A.E. (1983). Local application of metronidazole in vaginal ovules for treatment of trichomaniasis. Surgery
93:180-184.

Saija, A., Tomaino, A., Trombetta, D., De Pasquale, A., Uccella, N., Barbuzzi, T., Paolino, D., Bonina, F. (2000). In
vitro and in vivo evaluation of caffeic and ferrulic acids as topical photoprotective agents. Int. J. Pharm. 199: 39-47.

Turgut, H.E., Ozyazici, M. (2004). Bioavailability File: Metronidazole. FABAD J. Pharm. Sci. 29:39-49.

Wagner, H., Kostka, K.H., Lehr, C.M., Schaefer, U.F. (2000). Drug distribution in human skin using two different in
vitro test systems. Pharm. Res. 17 (12): 1475-1481.

Received: 01.02.2011
Accepted: 19.04.2011

105





