Formulation and optimization of gentamicin hydrogel infused with Tetracarpidium

conophorum extract via Central composite design for topical delivery
INTRODUCTION

Gentamicin is a water soluble aminoglycoside antibiotic derived from Micromonospora
purpurea, and actinomycete. It is used for treatment of infections caused by susceptible strai
of Pseudomonas  aeruginosa, Proteus species (indole-positive ~ and  in
negative), Escherischia coli, Klebsiella-Enterobactor-Serratia species, Citroba
and Staphylococcus species (coagulase-positive and coagulase-negative). W

topical administration, it is usually formulated as creams as well as ointme

permeability when compared to hydrogels.!

The water holding capacity and permeability are the most 4
a hydrogel.> Biocompatibility is the third most important

the hydrogel as it calls for compatibility of the ge atural tissue without causing

any toxicity upon its degradation.? In additi h&@bove gharacteristics, the soft and rubbery

nature of hydrogels minimises irritation tissue . Their highly porous structure

which can easily be tuned by controllifig the d€hsity of cross-links in the gel matrix and the

affinity of the hydrogels for the nment in which they are swollen® is also an

advantage. The porosity of, s also permits loading of drugs into the gel matrix and
subsequent drug rele ate 1s dependent on the diffusion coefficient of the small

ase
molecule or macromiﬁi h the gel network.?
Tetracarpidiu % 0 commonly called the African walnut plant, whose ethanolic

extract

the second component of the formulation of study, is a perennial
climbing@ishrub 10 to 20 feet long, found growing wild in forest zones of sub-Sahara Africa,
1a. Studies have shown that the African walnut possess some beneficial

ike antibacterial,* antioxidant*® and immune-stimulating activities. It is commonly

Nigerian folkloric medicine for the treatment of bacterial infections and ailments caused

oxidative stress. Photochemical screening of ethanolic extracts of tetracarpidium
conophorum showed presence of alkaloids, saponins, glycosides, flavonoids and tannins in
studies carried out by Ezealisiji et al. The antibacterial properties of this plant extract can be
attributed to the presence of this secondary metabolites.® Incorporating these extracts into a

three-dimensional polymer network formed by hydrophilic polymer chains via either physical




or chemical bonds, hydrogels will be utilized to form a novel drug delivery system comprising

of components that will work synergistically to facilitate wound healing.”

In the development of topical dosage form, an important issue was to design an optimized
pharmaceutical formulation with appropriate penetration rate within a short time period with
minimum trials. Traditional experiments require more effort, time, and materials when a
complex formulation needs to be developed. Recently, response surface methodology (R

via central composite design (CCD) coupled with statistically designed experiment

radical initial polymerization of the alkyl a
formulation was evaluated for performance drug release and ex vivo

permeation study. Physicochemical cha izati the Gel was carried out via

WNigeria), Carbopol Ultrez 21® was obtained as a gift from Metchem Limited

dia/ Lubrizol corporation USA), Carbopol 940® (Lubrizol corporation USA),

ne glycol, Triethanolamine (Merck German), Transcutol® was obtained as a gift from
tefosse (Cedex, France), O-Phthalaldehyde OPA from Fluka (Steiheim Germany). N-acetyl
cysteine (NaC) Sodium Hydroxide from Sigma Aldrich (St. Louis, USA). All other chemical

and reagents were of analytical grade.



Extraction of ethanolic extract of Tetracarpidium conophorum (EETC)

The plant was collected from farms in Nkwere Local Government Area, Imo state, Nigeria,
and identified by Mr Oyebanji O.0 of the Department of Botany, University of Lagos, Lagos,
Nigeria. A voucher specimen assigned reference number LUH6972 was deposited in the

institutional herbarium for reference.

The methanolic extract of the leaves was obtained using a method by Amaeze et al., 2011

was freeze dried, transferred into a glass vial and kept in a d ator at 20°Quuntil analysis.
Preparation of gentamicin loade t mer based hydrogels
0.1%w/w of gentamicin sulphat s dissolved in aliquots of purified water and propylene

glycol was titrated in (@fopS@nto the mixture. The permeation enhancer TranscutolEETC

ing ratios 2%v/v and 10%v/v propylene glycol were incorporated

mine (TEA) to pH of 5.5. Both the aqueous fraction and the gel fraction were
at a varying stirring rates to form the polymeric hydrogel. The hydrogels were

in sealed glass containers for further analysis.
ourier transform infrared spectroscopy (FTIR)

Gentamicin, EETC, and Carbopol Ultez 21® compatibility was evaluated by Fourier transform

infrared (FT-IR). Physical mixtures of gentamicin, the polymers (Carbopol Ultrez 21) and



excipients (1:1) were separately mixed with three parts of potassium bromide and they were
compressed to form pellets with a hydraulic press at 10 tons pressure. The FT-IR absorption
spectra of all samples were recorded in the range of 400-4000/cm by potassium bromide disc
method using FT-IR spectroscopy  (Bruker, South Africa). The optimized hydrogel
formulation was also analysed via FTIR. Physical appearance of the samples and the
appearance (or disappearance) of peaks in the spectra were observed to access any possi

physical or chemical interactions.
Experimental Design

A two variable, central composite design was used for the formulation of{the ge icin

e stirring

observations were analysed using Design Expert® fflvare (Stat-ease, Inc. Minneapolis,
USA). The coded and actual values of t variables were calculated using

Equation (1).

(1

the actual value of thegifidepe t variable at the centre point and AXi is the step change in the

actual value of 4

dent variable. The experimental data was fitted according to
@ -order polynomial equation including main effects and interaction

Equation (2) a

effects gf”each V ¢. Analysis of variance (ANOVA) and response surface plots were
generate@yusingiDesign Expert and the optimised value of the independent variables for

tim esponse was determined using numerical optimisation.
Y, =b,+Y bX,+> bXX +> bX +e 2

here Yi is the dependent variable or predicted response, Xi and X are the independent
variables, Do is offset term, bi and bjj are the single and interaction effect coefficients and & is

the error term.



Physical evaluation of hydrogel formulation

The hydrogels were physically examined for colour, homogeneity and consistency.

pH Evaluation
The pH of the hydrogels was recorded with pH meter (Ashford, UK), via ensuring electrode
was in contact with the formulated hydrogel for 45 seconds to allow for equilibrati

Experiments were performed in triplicate.

Rheological studies Q
The viscosities of the varying formulations were determined at 25°C at vary1

aid of a cone and plate viscometer with spindle- 4, (Brookfield Engme Raborageries, DV-

E Digital viscometer ID:12020N15).
Drug content determination

Ig of hydrogel was dissolved in 10mls of water, at 500 rpm for 45 minutes and

filtered using a 0.5um millipore filter. Utilizi on, the concentration of gentamicin
was obtained using a UV/Visible spect otome V-Vis 2600 shimadzu Analytical and
measuring instruments) after
Kowalczuk’s method (12). Pht

20mg of O-Phthalaldehy

derivatigationy utilizing O-Phthalaldehyde reagent by
@ yde reagent was formulated prior to use by dlssolvmg

diluting to 10mls wit olution of borate buffer pH 10. Gentamicin an aminoglycoside

antibiotic, does ng light due to its weak chromophore hence the need for

derivatization. laldehyde reagent was stored in amber coloured bottles and kept in a

dark cup e. The reaction of the amine group in the aminoglycoside with the O-
Phthalaldehyde 1 the presence of N-acetyl cysteine as a nucleophile to yield a fluorescent
is measured at 332nm absorbance.!? This method is superior to that used by

al.,! where mercaptoethanol which emits a characteristic unpleasant odour during

ivatization process.

Preparation of Wistar Rat Abdominal Skin

The hair of ether anesthetized wistar rats weighing between 150-200g was carefully removed

with electrical clippers, and the full thickness of skin was removed from the abdominal region.



Utilizing heat separation techniques, the epidermis was prepared The epidermis was prepared
surgically by heat separation technique'® which involved soaking the entire abdominal skin in
water at 60°C for 45s, followed by careful removal of the epidermis. The epidermis was washed

thrice with water and used for ex vivo permeability studies.

EX vivo permeation studies

Permeation study was carried out using skin obtained from male wistar rats
0.45-08.mm) mounted on modified Franz diffusion cells with diffusion area"@f,3.71cm". The
receptor compartment contained 30 mls phosphate buffer (pH of 7.4 a °C). Ig of

each hydrogel formulation was applied on the skin surface in the dono aftment area with

withdrawn at predetermined time intervals and replaced volume of fresh media.
The samples were analysed using a UV/Visible sp
Analytical and measuring instruments) aftegpderiv n fitilizing O-Phthalaldehyde reagent
absorbance was measured at 332nm absorba ents were performed in triplicate.

Cumulative amounts of drug permeatedffiig/cm? plotted against time in hours and drug
flux (ug /cm?/hr) at steady state was cal@ulatedlBy dividing the slope of the linear portion of
the curve by the area of the e in surface 3.71cm?. The permeation coefficient was

deduced by dividing the fluX’by g load as shown in Equation 3 and 4
PEc = 3Q(A &t)! K 3)
PEc=1Jss/ Co 4)

is th@)permeation coefficient (cmhr'); Co is the initial drug concentration in the

nt: Jss represents the steady state flux (ng/cm?/hr), where Q indicates the
substances crossing the rat skin, A is the area of the rat skin exposed and t is the
exposure in hours.

¢ optimized gentamicin hydrogel derived from statistical analysis was then compared with
marketed gentamicin formulation via ex vivo permeation studies and the data obtained was

evaluated using one-way analysis of variance followed by Turkeys test at P<0.05

Ex vivo permeation kinetics of drug release



The mechanism of drug release from the hydrogels was analysed by fitting the release data to
various release kinetic models. The zero-order (Ko), first order (Kf), and Korsemeyer Peppas

(Kp) model was used to find out the model with the best fit.!!!

Accelerated stability testing

ICH guidelines (40 °C/75 %RH) were followed in the accelerated stability te
optimized hydrogel formulation. The hydrogels were packed in amber coloredg
a stability chamber with set temperature and relative humidity. The fo i0NS" were
subjected to accelerated stability testing at both room temperature andf@t 40

were recorded on day 0, 10, 15, 30, 90. The formulations were eva »% pH, assay, gel

index, percentage of drug released at 12 hours.

Statistical analysis
The data were expressed mean comparison with @‘r da as evaluated using one-way

analysis of variance (ANOVA) (£SD). Sig t\diffcrenees (p < 0.05) of mean values were

determined by Tukey test.

RESULTS

Fourier transform infrared s Py

The individual spectrgand th sical mixture spectra were recorded and analysed. The finger
print region and orb values relating to the relevant bioactive functional groups of the
individual spe @ sed and the physical mixtures showed and absence of interaction

betwee am arbopol and transcutol and EETC as shown in Figure 1 Absorbance

patterns\@orresp@hding in position and relative intensity to those in the FTIR spectra of the

components were observed with no significant change in FTIR spectra after
duction of the polymers and the permeation enhancers thus indicating a lack of physical

chémical interaction as shown in Figure 1

ourier transform infrared spectroscopy peaks of A) Gentamicin and the physical mixtures of
Carbopol® (B) Physical mixtures of Carbopol® and EETC, (C) Physical mixtures of Carbopol®
and EETC:Transcutol (D) Hydrogel formulation containing Carbopol®, EETC Transcutol and

all other excipients highlighting some major bands/peaks. Some major bands/peaks on the



spectra were 3089.75cm™ O-H stretching, 1706.88 cm™ carboxyl group which is characteristic
of the principal absorption peaks of Carbopol®. Gentamicin was characterized by principal
peaks at 610.22 cm™! and 1100-1400 cm™ . The spectral data of EETC confirmed the presence
of functional groups such as hydroxyl, ester group and aldehyde group among others 2920.21
cm’! - —C-H stretching depicting alkenes and aryl groups, 1730.32 cm™ — aldehyde/ketone —
C=C- stretching at 1440cm’!. For compatibility study the FTIR spectra were compared 3
there was no disappearance or major shift of important peaks in the physical mixture

Carbopol®, EETC and Transcutol spectrum.

Gel Characterization.

All the formulations had a pale greenish colour and a good gel like cons

hydrogels formulated using the composite design had d

with triethanolamine as shown in Table 2 . This pH rangg

of wound to facilitate wound healing at an acidic p

Rheological Measurements

Spindle 4 was used for the viscometrigicharacgerization of hydrogels. Characterization was

done at 20 - 60rpm which is the for this spindle. As the shear rate increased
there was a corresponding d the viscosity of the gels. This was evaluated

exponentially using the Pajer La own in Equation 3.

T=KD" )

tisticalModelling and Analysis

lysis of the experimental data using the Design Expert software revealed that the quadratic
model was suitable for describing the formulation of the hydrogels. The final statistical models
for predicting the flux and the amount of drug permeated after 12 hours are given in Equations

6 and 7.




2
Y =19.35-25.82X, —0.044X,, +0.0097X, X, +11.86X] (6)

2
Y =315.50-189.67X; +0.28X,, —1.29X, X, +12355X; (7)

The values of the responses as predicted by Equations 4 and 5 are presented in Ta

alongside the experimental data for comparison. The results of analysis of variance (A

carried out to determine the fit of the statistical models for flux and drug pe

presented in Tables 3 to 5.

Tables 3 to 6 show the results of analysis of variance (ANQVA) carri determine the

fit of the statistical models representing the flux and drug perm@ation after t ¢ hours. Tables
)

T afid stirring speed for both models

3 and 4 respectively shows that the models for flux and imeation were statistically

significant with very low p values of 0.0001 and 0. y. The single effect model

terms representing the effect of transcuto
(Equations 5 and 6) were significant indicat an the values of these variables could

affect the flux and drug permeation.

Table 5 shows that the models an g permeation had high R? values of 0.90 and
0.82 respectively. The R y; the degree to which a model is able to predict a
0 unity, the better the model can predict the response (15).
The high R? values obtai oth models show that there was significant fit between the
of flux and drug permeation. Table 5 also shows that the standard
deviation
drug pefineatio owing that there was very little dispersion about the mean for the data
models. The experimental runs were carried out with a high reliability and

seen from the relatively low values of coefficient of variation (CV) obtained for

d drug permeation (8.75 and 12.27 respectively) (16). The adequate precision values of
models were greater than four. This shows that the models had adequate signals and thus

could be used to navigate the design space (17)



Effect of independent variables on hydrogel formulation

Figures 3 and 4 are response surface plots showing the effect of Transcutol:EETC ratio and
stirring speed on the flux and drug permeation of the hydrogels respectively. Lower levels of|
stirring speed and transcutol: EETC ratio enhanced the flux of the formulated hydrogel as
shown in Figure 3. This is evidenced by the fact that the flux increased with a reductio

stirring speed. This observation was recorded at all values of Transcutol:EETC Q
investigated. A similar trend was also observed for the Transcutol:EETC ratio for 0

stirring speed investigated.

DISCUSSION

Gentamicin is freely soluble in water (hydrophilic) and muclipof the dru s present in the

aqueous phase of the formulations, loosely attached at or 1 article surface, because the
more hydrophilic the substance, the weaker the inter. cle surface, and eventually
the compound could be localized in the surfacta hen more drug particles at the
periphery of the particle surface eventually lymeric cross-linked gel-matrices,

stabilization would occur. '®!” Maximifation o ptake and delivery of such a drug that

is hydrophilic such as Gentamicin in a ogel§ would thus be affected by increased stirring
speeds above 60-77rpm. Figure hat the drug permeation after twelve hours reduced
with increase in stirring s ) was however more significant at a higher ratio of

transcutol to EETC copfparedie when lower ratio was used. An increase of stirring speed above

this point will ensure dé€eased porosity of the polymeric system increasing entrapment of the

the” hydrophilic matrix due to excessively intense agitation during

st effect as result of increase stirring speed may also account for the decreased

perni€ation with increase stirring speed as the drug is freed from the polymeric matrices

d a®such cannot be transported through the biological membrane utilizing transcutol: EETC,

1s effect will account for why there is a reduced flux at higher stirring speeds as shown in
Table 3 where the experimental values closely correlated with the predicted responses.

EETC has been studied for toxicity and biocompatibility and has been seen to be non toxic to

and biocompatible with mammalian cell lines thus informing its use in this formulation

development.*>® EETC is very high in antioxidants which lower inflammatory markers and



facilitate wound healing by promoting fibroblast migration, this combination of EETC with
transcutol (2-(2-Ethoxyethoxy)ethanol) a chemical permeation enhancer synergistically causes
diffusional resistance of the stratum corneum increasing migration of gentamicin through the
skin via increased solubility in the stratum corneum. Transcutol:EETC at high concentrations

facilitate interaction with stratum corneum lipids to increase fluid into the skin producing

ranging from 9.05 to 14.42 pg/cm?/hr accounting for release at the lincargpo

gentamicin permeation curve in Figure 1 which represents the first 4 hours o g release and

permeation showed that GeH4 with flux 14.42 pg/cm?/hr having the hig | h reflects

Higuchi model thus relating that initial drug co idfl in the hydrogel matrix is much
higher than drug solubility with drug diffusi in in one dimension with edge effect
through pores in the matrix hydrogel

being negligible, this accounts for inc#€ased r

system.

Optimization of hydrogel u

Numerical optimizati s carfied out to maximize the flux and drug permeation using the

Validation of Statistical Models



The validity of the statistical models used for predicting flux and drug permeation was
confirmed by carrying out three confirmation experimental runs at the identified optimum
conditions (Table 6). The results showed that there was no significant difference between the
experimental results and those predicted by the statistical models. The excellent correlation
between the predicted and measured values shows the validity of statistical models. Figure 5
shows the percentage of drug released from the optimized formulation in comparison with
marketed formulation. Ex vivo permeation study showed an improved release rate was obta
compared to the marketed topical formulation with 100% release occuring at 12

significant effect (P<0.05) compared to the marketed brand which had 90% re

from CCD with the solubilizing effect of the permeation g
optimal flux and transdermal permeation within 12
were stable at room temperature and undgr stre onflitions as shown in Table 8§ after

accelerated stability testing.

Conclusion

Optimization of gentamici ufing central composite statistical design is valid for

prediction of drug perm and tilizing variables in formulation preparation i.e stirring

speed and permeatiofi€hhanc ntioxidant ratio, showing their interaction with each other.

The contour plot§*atded i diction of the value of transcutol: EETC and stirring speed which
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