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ABSTRACT

A stability indicating RP-HPLC method was develop@d validated to study the forced stability of @ngline-

triclosan hybrid, a new agent (Quinoline-tricloshgbrid) for cutaneous Leishmaniasis treatment. ethod was
developed using a C18 column (250 mm x 4.6 mm,)5apdacetonitrile-water mixture was used as mophase.
System suitability parameters, linearity, precisiand accuracy were determined in the method vabdat
Quinoline-triclosan hybrid was exposed to varioaesdls of stress conditions including photolyticidatve and
acid and basic hydrolytic stress. The percentagdegfradation in each condition was determined byL8PThe

hybrid was stable at all tested stress conditiofith the exception of exposure to light, which was only factor
capable of producing a significant degradation lo€ tmolecule. Therefore, it is necessary to proteist molecule
from light during development of a dosage form.

Keywords: Cutaneous Leishmaniasis, validation, forced stgpHPLC method, quinoline-triclosan hybrid.

INTRODUCTION

More than 12 million people in the world are affgttby Leishmaniasis, which are diseases causednby a
intracellular protozoan parasite of the Leishmageader [1]. Cutaneous leishmaniasis (CL) is thetmosvalent
clinical manifestation of leishmaniasis causing@emor multiple, localized or disseminated ulcerghie skin, but
also in the mucous of mouth, nose and throat esvitThe most affected countries are Afghanistaigerd,
Colombia, Brazil, Iran, Syria, Ethiopia, North Sangda&osta Rica and Peru that account for at lea&t @Dglobal
estimated incidence for CL [2].

Currently, the available drugs to leishmaniasisattrexclude pentavalent antimony compounds (meglamin
antimoniate and sodium stibogluconate), miltefospentamidine and amphotericin B. All these drugtough
still effective, are highly toxic and prone to geste resistance in the parasites. Moreover, tra#twih these
drugs result very expensive for governments, winetkes them inefficient considering that major usaild be in
isolated areas of developing countries where legstiasis is extremely associated with poverty [3T4lerefore, is
necessary to develop more effective and safer drugs

In a previous study, a series of quinolone-triclobgbrids were synthesized by Williamson reactiod #eir in
vitro leishmanicidal activity and cytotoxicity wetested. Among these compounds, the hyBr(@3-(5-chloro-2-
(2,4-dichlorophenoxy)phenoxy)propyl)oxy)-2-methifigline or hybrid 19, showed significant activity against
intracellular amastigotes of L. (V) panamensis aeduced cytotoxicity on human U937 macrophages Ib].
addition, treatment of golden hamsters (Mesocricaturatus) experimentally infected with L. (V) blignsis were
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treated an oil-in-water cream formulation with 3%t hybrid 19 per day during 15 days and produzed in 6/8
hamsters and relapse in 1/8 hamsters (unpublisat].dn order to start the development procesanofidequate
pharmaceutical formulation of this compound was dadaory to accomplish a forced or stress stabilityd,
enabling the identification of factors that promtile chemical decomposition and the elucidationledradation
pathways [6]. This information becomes an importaiierion for choice of excipients, manufacturimgcess and
packaging materials [7].

The forced or stress stability study are performedonditions more severe than accelerated stabilite ICH Q1A

(R2) guide "Stability testing of new drug substanemd products” [8] gives only general instructi@msforced

degradation studies. The selection of the conditmfndegradation, such as drug concentration, sgltemperature,
pH, humidity, type and amount of reagent and donatif the study, play a pivotal role in this typeestudy. These
must be higher than those used in studies of aatete degradation but neither can be too extreméhis sense,
there is not a general consensus among the saertiinmunity, giving rise to a wide range of coratis used in

stress stability, which differ from investigatorittvestigator [9]. For these reasons, several rebees have focused
their efforts in providing valid guidelines, lookjrthat the results obtained in conditions of forstability can be

used to predict stability problems under naturaldittons [10-12]. Other authors consider certaiatdiees of the

molecule impede the harmonization of these studies, decomposition rate and solubility; and thenefis only

possible consensus on some general rules as:et seinditions which produce at least 10% of degfiad on the

compound of interest [7].

To conduct a forced stability study is necessamyeieelopment and validate the analytical methoehtsure that this
method accomplish the requirements needed [12]si@ering that HPLC technique is the most used atibty
studies with 65% prevalence [13], this work wasednto develop and validate a stability-indicatingthod by
HPLC and subsequently characterize the stabilityabi®r of hybrid 19, applying a forced stabilityudy under
stress conditions proposed by Singh and Bakshi [11]

EXPERIMENTAL SECTION

Reagents and materials

The hybrid 19 was synthesized via Williamson reactf O-triclosan alkyl bromideand 8-hydroxyquinalding5].
Acetonitrile  HPLC LiChrosolv® (Merck Millipore), @ho-phosphoric acid Suprapur® (EMD Millipore),
hydrochloric acid 37% Ensure® (Merck), hydrogenoxéte 30% Ensure® (Merck), sodium hydroxide Ensure®
(Merck), ethanol LiChrosolv® (Merck), HPLC gradeterawas obtained from a Synergy® Millipore system.

HPLC instrument

The cromatograph used was a Shimazdu Prominen€t Wkth LC-20AD series binary pump systems, SIL-20A
HT auto sampler, SPD-M20A diodes array detector @dJ-20A5 degasser and LC Solutions software wasl us
to acquire and process the data. The column useZ@&BAX Eclipse Plus C18 (250mmx4.6mm, 5.0p).

Chromatographic conditions

The mobile phase consisted of water pH 3.0 (orthmsphoric acid 85%) (A) and acetonitrile (B). A djent
method was used varying the solvent B percentadellasss: the initial percentage was 10% and it waeintained
during 3.5 min, changed to 70% (3.5-3.55 min), éased to 85% (3.55-12.5 min), and held for 2.5 ¢hh5-15
min); finally it decreased to 10% within 2 min (13-min) and it kept to 8 min for re-equilibratiofthe column
(17-25 min). Flow rate was 1.0 mL/min. Run time ve&$ to 25 minutes and the detection was carri¢chbR85
nm, the volume injection of the sample wasu20

Chromatographic method devel opment

Water, acetonitrile, methanol and mixtures of theere used as possible mobile phases or solvemtisgolve the
sample. Because of the structural features of thwidh 19, stationary phases C8, C18 and cyano \ested.
Finally, the gradient was adjusted to achieve #w bhromatographic parameters.

Validation sample preparation

Samples were prepared from a stock solution of iddmL in acetonitrile and sonicated for 5 minutetilu
complete dissolution. Appropriate dilutions werafpemed in the range 20-180 pg/mL using water: @uiile
50:50. The samples were filtered through 0.45 pmmbrane and dispensed into 1 mL HPLC vials.
Chromatographic parameters and system suitabil@gsevdetermined using a degraded sample by phatolykie
concentration sample was 0.1 mg/mL in water: adetien50:50 and it was irradiated in a solar siatidn chamber
1500e ERICHSEN Solarbox, at 700 W/m2 for 6 hours.
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The method was validated according to the followiragameters: linearity, precision, accuracy, sysseitability
and stability of the solution. For linearity assagyven solutions of concentrations between 20.0180d0 pg/mL
were prepared in water: acetonitrile 50:50. Twabcation curves per day were done during three ecutsve days.
All statistical analyzes were performed using tlftveare STATGRAPHIS® Centurion XVI; Grubb's test sva
applied to determine the existence of outliers lagekne's test to evaluate the variance homogeate#wgch level of
concentration; the Rcoefficient was determined and used to identigyhest curve fit.

The inter-day precision was determined in five gssaith samples sets at three different conceninati(20.0,
100.0 and 190.0 pg/mL) of the compound. This presess reproducing for three consecutive days; dr@ation
degree was determined by the Pearson’s Coefficievariation. The accuracy was also determinech@sé sets of
samples. The error percentage in each measurerasrdetermined and expressed in relation to 100 %.

To evaluate the sample stability, samples freshipared at 100.0 pg/mL in water: acetonitrile 50a&0e injected
(to); in addition, these samples were dispensed ils V@ chromatography and stored during 24 hours then
injected (f); the reduction in the chromatogram area was detexd and expressed as a percentage.

Forced degradation study

Working samples at 0.3 mg/mL in water: ethanol,2v8re prepared from a stock solution at 1.0 mgiméthanol.
The samples were subjected to the conditions pespdy Singh and Bakshi and summarized in Table1]. [1
Photolytic degradation was performed in a solarutor (Solarbox1500e), equipped with xenon lamp ae
600W/nf for 5 hours, following the ICH guide: “Photostatyiltesting of new drug substances and productd].[1
Then, samples subjected to acid and basic hydecaliggradation were neutralized at pH near to 7 Quench the
reaction. Acetonitrile was added to samples to eehia concentration of 120.0 pg/mL and to avoidossible
precipitation. Finally, samples were filtered thgbout 0.22 pm membrane filter before injected. @halysis was
done in triplicate for each condition of degradatio

Table 1. Drug classification system according toststability®

Category of drug | Acid and basic hydrolysis condition (HCL & NaOH)’ | Oxidation condition (H202)°
Practically stable 5N/48 hours/refluxing 30%/48 rsR.T.
Very stable 2N/24 hours/refluxing 10%/24 hours/R.T.
Stable 1N/12 hours/refluxing 3%/24 hours/R.T.
Labile 0.1N/8 hours/refluxing 3%/6 hours/R.T.
Very labile 0.01N/8 hours/40 °C 1%/3 hours/R.T.
Extremely labile 0.01N/2 hours/25 °C 1%/30 minu&e$/

@Adapted with permission from S. Singh; M Baksh] [11
P Concentration, time and temperature respectivelgted for each degradation condition.
R.T. room temperature

RESULTS AND DISCUSSION

Method devel opment

The UV absorption spectra of hybrid 19 in methaamudl acetonitrile exhibited an absorbance maximug8&tnm
and a shoulder between 310-330 nm (Figure 1). THB&C detector was set at 285 nm. The molecule rustdely
is composed by triclosan and 8-hydroxyquinolinendex them through an ether linkage, and sinceosari
exhibits a characteristic peak at 290 nm [15] ai@oxyquinoline has an absorbance band at 31(16r18], the
absorptions observed could correspond to theseuses separately.
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Figure 1: Hybrid 19 UV spectrum in acetonitrile
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The effect of stationary phase and mobile phaseevakiated. According to the non-polar nature eftigbrid 19,

three types of stationary phase were assayed aultsevere summarized in Table 2. The C8 columregead

short retention time with acetonitrile concentratiaupper than 60%, however decreasing proportibregganic

solvent, the retention time increased greatlypaliks showed symmetry problems and was not podsigiearantee
the integration of the target peak.

Table 2. Effect of the stationary phase and organisolvent in the mobile phase for the hybrid 19 retgtion and symmetry in HPLC

analysis'
Column | Methanol (%)® | Acetonitrile (%)° | tR | Observations
80 10 | Left asymmetry
70 27 | Left asymmetry
C8 80 3.5 | Left asymmetry
60 6.4 | Left asymmetry
40 45 | Left asymmetry
60 3.4 | Symmetric
Cyano 50 6.8 | Symmetric
40 7.3 | Symmetric
90 11 | Slight asymmetr
C18 85 11.7] Slight asymmetry
80 4.6 | Left asymmetry
60 8.9 | Left asymmetry
50 20.5| Left asymmetry

#Concentration at 100.0 pg/mL, flux 1.0 mL/ mineatjon volume 2L, detection at 285 nm.
P 9 of organic solvent in aqueous-organic mopliase.

The cyano column resulted in short retention times&n using low amounts of organic solvent and pcod)
overlaping between signals of hybrid 19 and solviemtthis reason this stationary phase was diszhrd

The best symmetry factor of target peak was obsenth C18 stationary phase and methanol as organi@nt in
the mobile phase. The mobile phases: 80% acetendrid 85% methanol, used with the C18 column showe
similarly strength elution (Snyder’s polarity indeX; 6.68 and 6.46 respectively), neverthelestoaitéle caused
smaller retention times indicating higher affinityth the hybrid 19 and therefore requiring smalloamts of the
solvent to reduce the duration of the method.

The gradient effect was explored using water pH &c@tonitrile as mobile phase and C18 column. 8&&sphoric
acid was used to achieve pH 3.0 in mobile phasetamlimprove the efficiency of the column. Two gdes were
used: one freshly prepared solution of hybrid 190G8.0 pg/mL, dissolved in water:acetonitrilo 50:80d onother
solution prepared as above described, anbiject to irradiation in the solar simulator foh6urs at 700 W/fn

Finally, a good resolution of hybrid 19 peak frota degradation products with a shorter time of ysialwas
achieved applying the gradient method describélddarexperimental section as chromatographic canditi
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Figure 2: Chromatographic profile of photodegradedsolution of hybrid 19. C18 column and water pH 3.0acetonitrile as mobile phase
under gradient

Retention time average of the hybrid 19 was 13.4324¢ minutes, the capacity factor was 3.196, Aedpeak area
varied less than 1.2% in system proficiency testtaging factor was 0.66 and theoretical platestfe molecule
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was 12,616, the hybrid 19 peak resolution value @&#43. The above calculations were performed uireg
chromatographic analysis software with dead timaevaf 3.1 min and 250 mm as column length.

Figure 2 shows the chromatographic profile of pkitgraded sample, where seven degradation produets
observed at retention times of 5.6, 10.2, 11.48,112.1, 15.8 and 17.7 min. Degradation compouridsndt
interfere with the identification and quantificati@f the hybrid 19, suggesting that the methodniticiative of
stability. The peak at 9.7 minutes was generatedhbygradient method and it was considered as a bas
perturbation.

The UV spectra suggested the formation of a degimmdacompound containing both triclosan and 8-
hydroxyquinoline nucleus{15.8 min), other are formed by ether bond cleav#fdeybrid 19. Peaks at 10.2, 11.4,
and 12.1 min showed absorbance spectra attribatdtiet triclosan nucleous, while peaks at 5.6 and hiin
presented the absorbance attributed to 8-hydrorgdjoe.

Method validation

The absence of outliers in the linearity of the metdetermined by Grubb’s test at significancelle¥®% allowed
working with 42 data from six regressions. The figation of the homogeneity variance between seven
concentration levels was performed using Leveress(95% of confidence). Results showed that thianee in the
analyzed levels was heteroscedastic; due to thidtre weighted linear regression was done toaedie error in
the estimated concentration; the model: Area=3465.838.3*concentration, presented 2=R99.4%. This was the
best fit found.

Sample stability was also tested in the assay tiondi It was found a reduction in integration avess less than
1% in samples prepared and stored 24 hours prietPioC analysis. These results suggested thatpbssible to
make injections with samples prepared up to 24$wuadvance.

Results obtained for precision and accuracy ofiibéhod were summarized in Table 3. The variaticeffament for

intra- day assay varied between 1.25% and 1.42 Bie vhe variation coefficient in the inter-day agshad an
average value of 2.49%. These values are withinréinges permitted for analysis methods of pharntazdu
products and raw materials [19]. The accuracy etatliat three concentration levels was 102.5 %catidg that
the method tends to deliver 2.5% more values thamdal value of the molecule concentration.

Table 3. Precision and accuracy of chromatographimethod

Intra-day precision Inter-day precision Accuracy
Concentration . Coefficient of . Coefficient of| ,

(ug/mL) Mean® + SD variation Mean® + SD variation /o EE+100
20.16 20.26 + 0.29 1.42 20.06 + 0.9 4.15 99.5
100.8 104.62 +1.31 1.25 104.29 +1.2% 0.95 103.5
191.52 195.99 + 2.6p 1.36 200.14 +8.39 2.36 104.5

*n=5
Forced degradation study

Although is recommend carry out stress stabilist teith 1.0 mg/mL solution of the active ingredi¢®f13]; due to
the low agueous solubility of the hybrid 19, a $iolu with a lower concentration was prepared ambis necessary
a binary mixture of water:ethanol 2:3 as solveetng the maximum amount of water allows to diss@\&mg/mL
of the hybrid 19, whereby it prevented that theivacingredient and the reagents precipitated in resection
medium. Because approximately 70% of active ingnedi discovered in last years have low solubilitywiater
[20], the concentration and the dissolution medana current problems in forced stability studieae@ossibility
to overcome this difficulty is working with samplas suspensions [7], however in this approach dhgign was
used because solid state stability is greaterrétimppinary tests, it was found that acetonitrilesaévent promoted
degradation reactions of hybrid 19, therefore tas replaced by ethanol.

The degradation percentages for each stress comgligvaluated were summarized in Table 4. In thidys a
sufficient degradation percentage is more than 6%I1f acid condition aln sufficient degradation snvachieved
with the following conditions: 2 N HCI / 24 hourséflux. These conditions corresponds to a verglstanolecule.
The low solubility of sodium hydroxide in ethanohsvfound as complication in basic degradation. flicsent

degradation was accomplished with 1 N NaOH / 12$foueflux. All together these results suggest tha hybrid
19 may be classified as stable in basic conditi@msthe other hand, when the hybrid 19 was expusé®% HO,

during 24 hours at room temperature, a suffici@grddation was reached, indicating that the hyb8idvas very
stable against oxidizing agents.
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As is showed in Table 4, a sufficient degradati@sfound under photolytic conditions. In agreenwtt the ICH
Q1B guideline "Stability testing: Photostabilitystang of new Drug Substances and products" [12htftarid 19 is
classified as photolabile.

Table 4. Hybrid 19 degradation against stress contibns®

Type of degradation Conditions Degradation percentge’
HCI 0.1N/Reflux/8h 2.45+0.37
Acid degradation HCI 1N/Reflux/12h 3.03+0.46
HCI 2N/Reflux/24h 22.15+0.45
Basic degradation NaOH 0.1N/Reflux/8h 3.17+0.40
NaOH 1N/Reflux/12h 8.18 £ 0.76
H,0, 3%/R.T./6h 1.21+1.09
Oxidative degradation H,O, 3%/R.T./24h 3.39 £ 0.55
H,0; 10%/R.T. /24h 15.03+1.51
Photolytic degradatiop Exposition> 200 W-h/m2 8.97 £ 0.67

& concentration of sample subject to decompositio®:mg/mL
® mean sd, n=3
R.T. room temperature

CONCLUSION

The 8-((3-(5-chloro-2-(2,4-dichlorophenoxy)phenoxy)pytpxy)-2-methylquinolinecan be exposed to condition
such as hydrolysis and oxidation but should beegtet! from light, because this can produce a cereiide
degradation of the active ingredient. Thereforaeisessary to implement strategies to prevent pfsisoduring the
process of formulation and storage.
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