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ABSTRACT

A reverse phase liquid chromatographic (RP-LC) métivas developed for the quantification of
Idebenone and its related impurities in drug subs&a The method was optimized in a Zorbax
SB Gg stationary phase for the separation of known intpg with excellent detection limit in
(i.e. less than 75 ng ri). the drug substance. A linear gradient elution vimslved with the
water-acetonitrile-trifluoroacetic acid as mobil&ase. The flow rate, wavelength was set as 1.0
mL min' and 215 nm respectively. The stability indicatimpability of the developed method
was demonstrated using the stressed sample at lggdrooxidative, thermal and photolytic
conditions. The developed RP-LC method was validexeeompliance with ICH requirements.
The developed method can be used for the detefionnait synthetic and degradation impurities
in the regular quality control analysis for the drgsubstance.

Key words. Reverse phase liquid chromatography, IdebenondjiliBtaindicating method
Validation, Forced degradation (Stress studiesjgBubstance.

INTRODUCTION

Idebenone [6 - (10 - hydroxydecyl) - 2, 3 - dimethe 5 - methyl - 1 , 4 — benzoquinone] is a
powerful antioxidant which is the analog of ubicume, a well known and the most commonly
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used antioxidant drug [1]. Due to the modificatiohthe composition and length of its side
chain, Idebenone reaches the tissues more eaaity thiquinone and efficiently protect cells
from peroxidative damage. ldebenone is being usedhle treatment and also in the clinical
phases for several neurological disorders: Frietlreataxia, mitochondrial encephalo
myopathies, duchenne muscular dystrophy, leberiediary optic neuropathy and senile
dementia [2- 8]

Idebenone is available as Cerestabon in 30, 45960100 and 180 mg tablets and also as
Cantena in 150 mg tablets. Few analytical methodseweported for the quantification and
characterisation of Idebenone and it's metabolitéke biological samples and formulation. The
reported analytical method employs the quantifigatiby GC, colorimetric, UV-
spectrophotemetric, capillary electrophoresis, HRLI@ electro chemical detection and mass
detection [9-15]. Mary Francis et al.[16] used all@RAnethod specifically for the determination
assay of Idebenone with UV detection for the drugdpct using internal standard. The method
was not targeted for separation of the impuritied e detection of impurities at low level. The
method was claimed that it was stability indicataggay method; however it was not describing
the separation of the degradation products in tfessed conditions which are forming during
the hydrolysis and oxidation degradation. Thus wiité available information, no method was
reported for the determination of Idebenone, iteeptal impurities and its degradants with the
very low detection limit in the bulk drug using HELin the quality control laboratory. The
objective of this research work is to develop aparLC method for the related substance and
assay determination of Idebenone with the limigontitation below 500 ng rifLand proving
the stability-indicating capability of the develapenethod. And the method should be also
compatible with mass detector. The forced degradatias performed as per ICH recommended
conditions, i.e acid, base and water hydrolysisidative, thermal and photolytic stressed
conditions to prove the stability-indicating alyjliof the method. The method was validated as
per ICH requirements [17]

EXPERIMENTAL SECTION

Chemicals and Reagents

Idebenone and its impurities were synthesized amifigd using column liquid chromatography
by process research department of Custom Pharnizade8ervices, Dr. Reddy’s laboratories
limited, Hyderabad, India. HPLC-grade of acetoleitand AR grade of sodium hydroxide,
hydrochloric acid and hydrogen peroxide were pwebafrom Rankem (Mumbai, India) and
used for the studies. Across organics (Geel, Beiyiof trifluoroacetic acid was used. Millipore
Milli Q plus (Bangalore, India) purification systemwas used to prepare high pure water.

I nstrumentation

The method development attempts, forced degradatiaies and the method validation were
performed in Agilent 1100 series LC systems witlliade array and variable wave length
detectors (Agilent Technologies, Waldbronn, Germamie data were collected and processed
using chemstation software. The photolytic degliadaivas carried out using Binder KBS240
photolytic chamber (New York, USA). The peak homuogjey was established in Agilent LCMS
6410 QQqQ instrument (California, USA).
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Chromatogr aphic conditions

The chromatographic separation was optimized irZtimeax SB Gg column with the dimension
of 150 mm x 4.6 mm and 3.5 um as particle size. ghadient elution involves water:
trifluoroacetic acid in the ratio of 100:0.0%/{) as a mobile phase A and acetonitrile:
trifluoroacetic acid in the ratio of 100:0.0&\) as mobile phase B. The HPLC gradient program
was set as: time/% mobile phase B: 0/40, 25/9®®Bahnd 31/40 with gradient delay of 5 min.
The flow rate of the mobile phase and the colunmperature was set as 1.0 mL thiand 40 °

C. The detection wave length was optimized at 215 The column loading was finalized as 5
pg of Idebenone in 10 pL injection volume. A mixdwf water and acetonitrile in the same ratio
was used as diluent.

Sample preparation

Idebenone solution was prepared at target anatyteentration (TAC) which is 500 pg nilin
the diluent for related substances and assay det&tion. A stock solution with the blend of
impurity-1 (starting material), impurity-2 (processlated impurity), Impurity-3, Impurity-4
(intermediates of Idebenone in two different sytithaoutes) and impurity-5 (precursor
intermediate) was also prepared in diluent forgheparation of system suitability solution with
0.15 %w/w of each impurity at TAC of Idebenone.

M ethod development and optimization

The core objective of the chromatographic methothés detection and separation of all the
known and degraded impurities of ldebenone withiebdtaseline. Impurity-5 is the potential
impurity in the process developed in Dr. Reddy’'$duatories for Idebenone. The final stage
involves oxidation of methoxy group to quinone. Cioethe chromophore change during this
oxidation, thednaxis changing from 215 nm to 280 nm. At 280 nm theas no response for the
precursor and the related impurities. At 215 nmtlad intermediates, related impurities are
having good response and also ldebenone is showampnable response. Crude samples of
Idebenone was quantified for the assay and theéerklsubstances against Idebenone standard
and found the mass balance is close to 100% whkishpporting the selection of UV as 215 nm.
Though the relative response factor (RRF) of thewkmimpurities are more than unit, majority
of the unknown impurities which are present in g@mple are the related impurities of
Idebenone, so that the mass balance is satisfactory

Initial attempts for the method development werelenen ammonium acetate as a mobile phase
in ODS column in order to get the method is confpatio mass detector. Though the separation
of the impurities is good enough, the baseline wlaserved to be very poor at 215 nm in the
gradient elution. With water / acetonitrile / tufiroacetic acid as mobile phase the base line was
observed to be satisfactory at 215 nm. Slight ceandghe wavelength, results either positive or
negative drift in the baseline. Different stationphases with different selectivity were used for
the determination of Idebenone and it's impuritgssthe initial attempts. However good peak
shape with less peak width and the resolution oftred related impurities were achieved
satisfactorily in Zorbax SB {g column with the dimension of 150 mm x 4.6 mm artl |Bm as
particle size, by using solutions A and B as mopitase. Though the selected stationary phase is
not end-capped, there was no interaction betweeratialyte and the stationary phase as the
Idebenone is almost a neutral molecule.
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Fig. 1. Chemical structure of Idebenone and itsimpuritiesand UV spectra
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The selected stationary phase is very stable afyharidic pH which is suitable for the mobile
phase with trifluoroacetic acid. The solution A tains a mixture of water: trifluoroacetic acid
[100:0.05 ¢/v)] and solution B contains a mixture of acetorgtritrifluoroacetic acid [100:0.05
(vIV)]. The flow rate of the mobile phase was 1.0 mibiThe gradient program was optimized
to get the required retention of ldebenone andséparation of impurities. The gradient program
was set as: time/% solution B: 0/40, 25/90, 30/60 a1/40 with gradient delay of 5 min. The
column temperature was set as 40 °C in order tocesthe back pressure of the column with the
optimized gradient program and to get better péalps of Idebenone and its related impurities.
In the optimized conditions it was observed that ltebenone, Imp-1, Imp-2, Imp-3, Imp-4 and
Imp-5 were well separated with a resolution of tggethan 2. The system suitability results were
with in the acceptance criteria and the develop&d method was found to be specific for
Idebenone, its known impurities and its degradaitigourities.
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Tablel. System suitability test results

Compound Capacity factor  Resolution( USP Tailing No. of Theoretical plates
(n=3) (k" R ) factor (T) (N-Tangent method )
Imp-2 1.8 - 1.4 12307
Imp-1 3.8 18.1 1.3 22026
Idebenone 8.9 40.0 13 61297
Imp-5 11.0 9.4 1.2 77647
Imp-3 15.4 255 1.2 138727
Imp-4 17.1 10.2 1.2 171945

Fig. 2. Typical system suitability test chromatogram
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Specificity

Specificity is the ability of the method to meastine analyte in the presence of its potential
impurities; it might be process related or the ddgtion impurities. The specificity of the
developed LC method for Idebenone was establishede presence of its known impurities in
the process developed in Dr Reddy’s laboratoriagyely Imp-1, Imp-2, Imp-3, Imp-4 and Imp-

5 and its degradation product. Forced degradatimties were performed on Idebenone to grant
the signal of the stability-indicating property aspkcificity of the developed method. The stress
conditions engaged for degradation studies as perI€H preferred conditions includes
photolytic, thermal, oxidation and hydrolysis aidadbase and water. The photolytic stressed
studies were performed for 11 days as per ICH Q. [The thermal stress was done at 50 °C
for 10 days. The acid stress was performed at OFBONat the concentrated sample solution at
ambient temperature (25+2 °C) for 10 days and @&irtlhilution was done to analyte
concentration for the quantification of ldebenonel dts degradants. The base stress was
performed at 0.025N NaOH for 24 hours at ambiemperature. Water hydrolysis was
performed for 10 days at 50 °C. The oxidation stsgas done using 3% hydrogen peroxide for 7
days at ambient temperature [19, 20]. All the siedssamples were quantified for Idebenone and
the impurities. Peak purity of stressed samplesl@benone and the spiked solutions of Imp-1,
Imp-2, Imp-3, Imp-4 and Imp-5 were checked by Awglil¢iPLC instrument with diode array
detector (DAD). Also the peak homogeneity was chkdckising LCMS for all the stressed

samples.
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Method validation

Precision

Precision is the closeness of agreement betweenes ®f measurements obtained from multiple
sampling of same sample under the prescribed ¢onsdit Six individual preparation of
Idebenone solution was made with each of the knmmpurities at 0.15 %w/w level to TAC.
Quantification of individual impurities and Ideberewas done for each of the preparations and
the % RSD of the content of the impurities and dssay were determined. Method precision
experimentation was repeated with different lotofumn and different instrument in the same
laboratory to evaluate the intermediate precision.

Limit of detection (L OD) and limit of quantification (L OQ)

The LOD and LOQ of an individual analytical proceelare the lowest amount of analyte in a
sample which can be detected and can be quargitatiletermined with suitable precision and
accuracy respectively. The LOD and LOQ for eachthef components were established by
attaining signal-to-noise ratio of around 3:1 arf@l1] respectively from a series of dilute
solutions with known concentration [17]. Six inidival solutions of known impurities and
Idebenone were also prepared at LOQ level and dedothe area of impurities and Idebenone.
The LOQ precision was established by calculatirg%RSD of each of the area of the known
impurities and ldebenone. Accuracy of impuritieshas level was established by spiking the
known LOQ quantities of impurities in test samphel @alculating the recovery of impurities.

Linearity

The linearity of an analytical procedure is itsliépito obtain test results which are directly
proportional to the amount of analyte in the samplee linearity of method was established at
two different levels separately which are impustyd assay levels. The solution of ldebenone
and its known impurities were prepared at fiveati#ht concentrations from 0.05 % to 0.30 %
w/w of analyte concentration for the linearity at impulevel. For the assay level, five different
solid weighing of Idebenone from 80 % to 120a%w with respect to analyte concentration were
prepared and injected. Using method of least-sguanalysis, the regression line was plotted
with area versus concentration. The value of thepeslandY-intercept of the plot were
calculated. The relative response factor (RRFngiurities was determined using the slopes of
each component at impurity level.

Accuracy

The accuracy of an analytical procedure expressesldseness of agreement between the values
arrived from the method and conventional true valuan accepted reference value. Accuracy of
impurities at each level was established by stahdatdition of the known quantities of
impurities in test sample and calculating the recgvThe study was carried out in triplicate at
0.075, 0.15 and 0.225%/w of the TAC. The recovery of impurities was calteth by
calculating the amount of the impurities spiked #mel amount of the impurity calculated from
the spiked sample after RRF correction. The acgusthe assay was evaluated in triplicate at
three concentration levels from 80 to 120 % of yweatoncentration by assaying the reference
standard against 100 % of the same. The percentdgesoveries at each level were calculated
against the Idebenone standard, considered 100%eatrue value which was prepared by
several re-crystallisation to get pure sample.
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Robustness

The robustness of an analytical procedure is a uneas its capacity to remain unaffected by
small, but deliberate variations in method paramsetBeliberate small variations were made
from original chromatographic conditions to recdoh@ resolution between ldebenone and the
impurities to determine the robustness of the dged method. Eight different conditions were
studied by a combination of three different smadkiations which are flow rate, gradient

program and the column temperature from optimizedliion.

Solution stability and mobile phase stability

Solution stability and mobile phase stability pams an indication of its reliability during
normal usage during the storage of the solutiorsl us the method. The solution stability of
Idebenone was established for 48 hours at room dmtyre. The reference standard of
Idebenone and the sample spiked with impuritiespatification level were injected for every 6
hours. The content of impurities and Idebenone weiantified at each interval up to the study
period. The mobile phase stability was also esthbll by quantifying the freshly prepared
sample solutions against freshly prepared referstar@lard solutions for every 6 h. During the
study period the prepared mobile phase was susdtaitee recovery of the assay of Idebenone
and the content of each impurity was calculatednastjghe initial value for the study period.

RESULTSAND DISCUSSION

Forced degradation studies

Degradation was not observed in stressed conditwhen the analyte was subjected to
photolytic, thermal, acid and water hydrolysis. Tegradation of drug substance was observed
only under oxidative conditions and base hydrolyEigs.3, 4). The Idebenone drug substance
under oxidative conditions leads to the formatiémme significant unknown degradation peaks
at the RRT 0.48 and 0.63. Idebenone is very seastb base and there was a significant
unknown degradation peak observed at the RRT of.0The peak purity factor over the
threshold obtained in all stressed samples foattayte peak demonstrates the specificity. Also
the peak homogeneity study by LC-MS confirmed thatldebenone peak is homogeneous and
pure in all the stress samples (Figs 5, 6).

Table2. Summary of forced degradation results

Stress condition Duration Assay of Idebenone HCI Content of major Remarks
after forced degradation degradant
Acid hydrolysis 10 Days 99.2 - No  degradation  products
formed
Base hydrolysis 24 hours 78.2 194 Significant degradatio
product formed
Oxidation 7 days 89.3 43ande2  Sgnificant degradatio
product formed
Water hydrolysis 10 days 99.4 - No  degradation  products
formed
Thermal ) No degradation products
(50 °C 10 days 99.0 formec
Photolytic as per No degradation  products
ICH 11 days 99.1 i formed
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Fig. 3. Chromatogram in base degradation
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The assay of Idebenone is unaffected in the presehbmp-1, Imp-2, Imp-3, Imp-4, Imp-5 and
its degradation products confirm the specificityl atability indicating ability of the developed
method. The RRF of the degradants were consideyedet one while quantifying of the
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impurities and the mass balance was close to 10th#&summary of the forced degradation was
captured in table 3. During the peak homogendiigys it was observed that the molecular
weight of the impurities is less than the activenponent which proves the impurities are the
degradation products of Idebenone. Further stud@s be done on characterization of
degradation impurities to understand the possibiurities during the stability and the
metabolites of the Idebenone apart from the known.

Fig.5. Peak homogeneity in base degradation by LCM S
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Fig.6. Peak homogeneity in oxidative degradation by LCM S

x10 2 |+ Scan (13.170-13.438 min, 31 scans) 090124005.d

339.30
0.9+
0.8+
0.7+
0.6+
0.5+
0.4+
361.30
0.34
0.2+

o 107.20 321.30

0 b ),

' T T T T T T T T T T T T T T T
125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800 825 850 875 900 925
Counts (%) vs. Mass-to-Charge (m/ z)

Precision

All the individual values of impurity content anbet assay in the precision and intermediate
precision studies are falling well in the rangecohfidence interval of average confirming the
excellent precision of the method. The recommerpgtedision values in terms of percentage of
RSD should be not more than 15 for the relatedtanbe [21] and not more than 2.0 for the
assay. How ever the percentage RSD of the contantpurities and the assay of ldebenone in
the precision study including intermediate preciswere well with in 4.7% and 0.91 %
respectively

Limit of detection and limit of quantification

The limit of detection of Idebenone was 0.02%w (of TAC) for 10 puL injection volumes. The
limit of quantification of Idebenone is at the rejoog limit i.e 0.05%. As the dosage of the
Idebenone is less than 2 g per day, the limit cingjfication at this reporting level is good
enough to quantify the unknown impurities and thens concentration is meeting the criteria of
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all the other validation parameters. Due to thatrdsponse of the all the known impurities are
quite good at 215 nm, the concentration at LOD thedLOQ of the impurities were very much
encouraging (Table 3). This reveals the capabditgthe method for the quantification of the
process related impurities at lower level not otilying the analysis of the sample at quality
control but also to control them during the optiatian of the process.

Table 3. Limit of detection and limit of quantitation results

Limit of detection Limit of guantitation
Compound % with respect tp analyte In ng mL? % with respect tp analyte In ng mL*
concentration concentration
Idebenone 0.02 176 0.05 496
Imp-1 0.004 42 0.01 119
Imp-2 0.007 71 0.02 223
Imp-3 0.006 64 0.02 207
Imp-4 0.007 74 0.02 242
Imp-5 0.007 68 0.02 202

Linearity

Excellent correlation was achieved for the regmes$ine of Idebenone and it's related impurities
at reporting limit to 200% of the specification &vThe correlation coefficient obtained for all

the plots were greater than 0.997. The RRF of aeaghurity was more than 1.5 for all the

impurities and it is close to 3 for the Impurityabthe optimized condition.

Table 4: Results of accuracy for related substances

. L Recovered C g
Compound Level (%) Splkeéggq%irjg';y n=3 quantity n =3 Recovery in %
(hgmL-1)  —qvidual  Mean  Clfor Mean

0.075 744.6 727.0 97.6

Imp-1 0.150 1489.2 1443.1 96.9 97.8 +24
0.225 2233.8 2207.8 98.8
0.075 735.6 747.2 101.6

Imp-2 0.150 1471.2 1545 105.0 102.7 +5.0
0.225 2206.8 2239.6 101.5
0.075 748.2 744.3 99.5

Imp-3 0.150 1496.4 1563.6 104.5 102.8 +7.1
0.225 2244.6 2343.6 104.4
0.075 738.8 708.4 95.9

Imp-4 0.150 1477.6 1465.6 99.2 97.5 +4.1
0.225 2216.4 2157.8 97.4
0.07¢ 743.¢ 754.2 101.¢

Imp-5 0.150 1487.6 1522.4 102.3 101.6 +1.6
0.225 2231.4 2255.8 101.1
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The Y-ntercept of the each plots are below 3.0 % of bgponse at 0.15 %/w level of
corresponding impurity. This sounds good to getribarest value of RRF since the plots are
going almost through the origin. Linear calibratiptot for assay was obtained over the
calibration ranges tested, i.e. 400 to 600 pug'mAn excellent correlation existed between the
peak area and concentration of the ldebenone Kingetorrelation coefficient greater than
0.999. They- intercept for the assay concentration is alsgetipve that the plot is going almost
through the origin.

Accuracy

Recovery of each impurity is falling in the range9d to 103%. Individual assay value at each
level in triplicate is close to 100%. All the indtiual recovery value of the assay and impurities
were fallen well with in the confidence intervalmean values. Good recovery values reflecting
the exact values of RRF of impurities as well asdapability of accuracy of the method.

Table 5: Results of accuracy for assay

Compound Level (%) Assa(ynkié)l—| PLC True assay value Recovery in %
80 99.3 100 99.3
ldebenone 100 99.5 100 99.5
120 99.8 100 99.8
Robustness

The resolution between all the known componentselbge and the tailing factor of the
Idebenone in all the eight deliberate varied chrographic conditions were found to be
satisfactory. It was observed that a minor varratio the resolution and tailing factor in all the
robustness conditions which is illustrating the moetis robust enough.

Solution stability and mobile phase stability
The RSD of assay of Idebenone during solution ktylaind mobile phase stability experiments
were within 1.0 %. No significant changes were emeed in the content of any of the
impurities during solution stability and mobile pleastability experiments. The percentage
recovery of the assay at each time point agairstriiial value is between 99.5 and 100.8. The
percentage recovery of the content of each impagginst the initial value is between 95.7 and
104.5. The solution stability and mobile phase italexperiment data confirms that sample
solutions and mobile phase used were stable uBtb.4t is an advantage to have lengthy
sequence which reduces the number of standardrptepain the quality control during regular
analysis

CONCLUSION

The developed stability-indicating analytical methdor related substance and assay
determination of ldebenone and its impurities iscige, accurate, linear and specific. The
validation carried out for the method in accordanith the ICH requirements are satisfactory.
The developed method can be used convenienthyhéordutine analysis of production samples
and also to check the stability of bulk sampletdebenone during its storage. The same method
can also be attempted for the drug products fotingethe information of impurities and
degradation products at lower level.
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