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ABSTRACT

A simple, reliable, sensitive and isocratic stapiliindicating reversed phase high performance tiqui
chromatography (RP-HPLC) method was developed afidated for the determination of assay of famaiaidn
famciclovir drug substance. Thmper describes method development, optimizati@hvafidation of an isocratic
HPLC method for the assay of famciclovir. The sapan was achieved on Symmetry;,A50mm x 4.6mm, 5um
particle diameter column. The mobile phase condisfephosphate buffer (0.02M, pH:5.040.05 with t#lwrtho-
phosphoric acid) and acetonitrile 80:20 (v/v); wilow rate of 1.0 mL mihat ambient temperature. The analyte
was monitored by photodiode array detector at 280 fihe drug substance was subjected to stress tamrsliof
hydrolysis, oxidation, photolysis, thermal and hdityi degradation. The peak purity was determinedPyA
detector using waters empower pro software. A limeaponse was observed over the concentrationegngnm
20 - 30 ug mtt with correlation coefficient value 0.9999. The mage recovery is 99.9%. The relative standard
deviation (R.S.D) for intra-day and inter-day wa2% and method is robust in all varied conditiofibe sample
solution was stable for 24 hours at ambient tempegem The results proves that method was suitabtetie
determination of assay of famciclovir and succdlsépplied for routine analysis of famciclovir dysubstance.
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INTRODUCTION

Chemically famciclovir is 2-Amino-9-[4-acetoxy-3e@oxymethyl)but-1-ylJpurine. The molecular formula
C14H190Ns04 and molecular weight is 321. Famciclovir, a sytithacyclic guanine derivative and a prodrug has no
antiviral activity, which after oral administratipis rapidly metabolised to highly bioavailableiginal compound
penciclovir. Penciclovir is active in vitro agairtse herpes viruses herpes simplex types 1, 2 (HaWd HSV-2),
varicella zoster virus (VZV), Epstein-Barrus, and hepatitis B. Famciclovir is used an effectreatment of
immunocompetent patients with acute herpes zositémgles) caused by VZV [1-2]. Famciclovir is alssed for the
treatment of ophthalmic zoster [3]. Famciclovirdrads to a class of drugs called nucleoside anal@isnimic one
of the building blocks of DNA. It stops the sprezfcherpes virus in the body by preventing the ion of viral
DNA that is necessary for viruses to multiply [Bamciclovir is available 125mg, 250mg and 500mdgtalfor oral
administration and marketed under the brand nanmeviFg5]. In literature, few analytical methodsveabeen
reported for the quantification of impurities andsay of famciclovir [6-15]. An ion pair RP-HPLC rhetd
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development, validation and stability indicatingsag for famciclovir [6]. Stability indicating LC ntieod was
developed and validated for the determination ofidizlovir in bulk drug and pharmaceutical dosagamfd7].
UV- Spectrophotometric determination of Famcicloj#]. RP-HPLC method developed for the estimatidn o
famciclovir in tablet dosage form [9]. Developmemd validation of a stability-indicating RP-LC methfor the
determination of purity of famciclovir in presenoéits impurities and degradation products, thighod is also
suitable for the assay of famciclovir monitored2ab nm [10]. Development and validation of spediatpmetric
method for the determination of famciclovir in dssage forms based on redox followed by complexé#bion with
potassium ferricynide-Fe(lll) reagent and oxidatfofiowed by complex formation with 2,2-Bipyridyleflll) to
form bluish green colored chromogen exhibiting abgon maximum at 500 nm [11]. Validated spectrdpieetric
estimation of famciclovir in tablet dosage form é&dson the condensation reaction of famciclovir wititbonyl
reagent such gsdimethylaminocinnamaldehyde (PDCA) in acidic caiuci to form orange red colored chromogen
with absorption maxima at 510 nm [12]. Developmemd validation of RP-HPLC method for the determorabf
famciclovir in pharmaceutical formulation using a&xperimental design [13]. Validated spectrophotoimet
estimation of famciclovir in tablet dosage form é&dsn the condensation reaction of famciclovir wititbonyl
reagent such gg-dimethylaminocinnamaldehyde (PDAB) and vanillinanidic condition to form orange yellow
colored chromogen with absorption maxima at 480 4@ nm respectively [14]. Spectrophotometric estion of
antiviral drugs (valacyclovir and famciclovir) irulk and pharmaceutical dosage forms based on ¢xtnawith
Tpooo analytical reagent [15].

Subsequently, an alternatigémple, sensitive RP-HPLC method with photodiodaydetector was developed and
optimized to determine the assay of famciclovifamciclovir drug substance.

MATERIALSAND METHODS

Chemicals, reagents and samples

The standard and samples of famciclovir and knovefated substances of famciclovir, such as 4-
(Dimethylamino)pyridine DMAP], 9-[4-Hydroxy-3-(hydroxymethyl)but-1-yljguaninégnciclovii, 2-Amino-9-(4-
hydroxy-3-hydroxymethybut-1-yl)purindesacetyl famciclovir (or) 6-Deoxy penicicldyi2-Amino-9-[4-acetoxy-
3-(hydroxymethyl)but-1-ylJpurine Nlonoacetyl famciclov]f 2-Amino-7-[4-acetoxy-3-(acetoxymethyl)but-1-
yllpurine [N-7 Isomer of famciclovir 2-N-Acetyl-9-[4-acetoxy-3-(acetoxymethyl)but-1jgurine [N-Acetyl
famciclovif, 2-Amino-9-[4-acetoxy-3-(chloromethyl)but-1-yl]pne [Chloro impurity of famciclovi; 2-Amino-9-
[4-acetoxy- 3-(propionyloxy methyl)but-1-yl]purif®onopropionyl analog of famciclo\ir2-Amino-9-[4-acetoxy-
3-(acetoxymethyl)but-1-yl]-6-chloro purir@{Chloro famciclovi}, 9-[4-Acetoxy-3-acetoxymethylbut-1-yl]-6-n-(4-
acetoxy-3-acetoxymethylbut-1-yl]-2,6-diamino pufid:@mino derevative of famcicloywere procured from APL
Research Centre-ll (A division of Aurobindo Phartrtd., Hyderabad). Analytical reagent (AR grade)gsstum
dihydrogen orthophosphate;phosphoric acid (88 %w/w), hydrochloric acid, sedihydroxide, hydrogen peroxide
(30 %wl/v), potassium hydroxide and HPLC grade attite, triethylamine were procured from E Merakdia.
Highly purified water obtained from Millipore puigftion system.

High performanceliquid chromatography (HPL C)

Chromatographic separation was performed on HPli@nee 2695 separations module system equippdd 2696
photodiode array detector with Empower Pro datadlag system was used [Waters Corporation, USHje
mobile phase consisted of phosphate buffer (0.Ga45.0+£0.05 with diluteortho-phosphoric acid) and acetonitrile
80:20 (v/v). To prepare the phosphate buffer (0.020H:5.0), 2.72g of dibasigotassium dihydrogen
orthophosphate salt was weighed and dissolved @0 0L of purified water. To this 2.0 mL of trietlayhine
added, mixed well then pH was adjusted to 5.0 +@& dilute ortho-phosphoric acid (Diluted 5.0 mbrtho-
phosphoric acid to 10 mL with water) then filtertdough the 0.45 p porous membrane. The analysiscaaied
out on Symmetry ¢, 150 mm long, 4.6 mm i.d., 5 um patrticle diameatelumn (Waters Corporation Ltd.,) at
ambient temperature. The mobile phase was deliviereth isocratic mode at a flow rate of 1.0 mL thifThe
injection volume was 10 pL. The acquisition time foe standard and sample was 10 min. The analg®e w
monitored with photodiode array detector at 220 Wvater used for diluting all the solutions of faoiovir. The
retention time of famciclovir is about 5 minutedielcolumn efficiency as determined from the fanwsitl peak is
not less than 5000 USP plate count and USP taftinghe same peak is not more than 2.0. Relatigadstrd
deviation for sum of the peak areas of famcicldwirfive injections of the standard solution is matre than 1.0%.
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Standard and sample solutions

Preparation of standard solution

Accurately weigh and transfer about 50 mg of fatowic reference standard into a 100 mL clean, drjumetric
flask, add 70 mL of water and sonicate to dissolvake up to volume with water. Dilute 5 mL ofglsolution to
100 mL with water. Filter through 0.4bor finer porosity membrane filter

Preparation sample solution

Accurately weigh and transfer about 50 mg of fahogic sample into a 100 mL clean, dry volumetriask, add 70
ml of water and sonicate to dissolve. Make updtume with water. Dilute 5 ml of this solution 1®0 ml with
water. Filter through 0.4f or finer porosity membrane filter

RESULTSAND DISCUSSION

M ethod development and optimization

The objective of this work is, to develop a simatel rapid method for the determination of assafawiciclovirin
famciclovir drug substance by using HPLC system.thdd development was initiated with famciclovir dgru
substance solubility study, based on that water ebsen as diluent for diluting all the solutiorfsfamciclovir.
From the molecular formula of famciclovir, it wabserved that famciclovir is polar in nature, basadhat non-
polar symmetry &g stationary phase column was selected for develoRIRgHPLC method. Famciclovir solution
pH was 6.3 (C=1 %wl/v, in water, at 25°C), basedhat buffer was chosen pH 5.0 (pH about +2.0 wétspect to
observed pH 6.3). As there is chromophore presefarciclovir, there is possibility for UV-Visible dection,
based on the colour absorbance experiment 220 nmohasen for monitoring the response of famciclovir
Preliminary experiment was carried out by using 8watry Gg, 150 mm x 4.6 mm, 5.0 um particle diameter
column with dibasipotassium dihydrogen ortho phosphate buffer (0.02Mt5.0) as mobile phase, delivered in an
isocaratic mode with a flow rate of 1.0 mL miat ambient temperature and analytes were monitaigt PDA
detector, no any peak was eluted upto 40 minutadioR of analyte was achieveavith the combination of
phosphate buffer (0.02M, pH:5.0) and acetonitrilettie ratio of 70:30% (v/v). In this trial famcieio peak was
eluted at about 2.3 min and interfering with unkngveak eluted at about 2.0 min and also broad gleajes were
observed. For better resolution, trial was madé whosphate buffer (0.02M, pH:5.0) with acetorstiiih the ratio

of 80:20% (v/v), peaks were well resolved from eatier and famciclovir peak was eluted at aboutrbif® and
unknown peak eluted at about 2.0 min. For bettek @hapes, again trial was made with 1000 mL ofphate
buffer (0.02M), 2.0 mL of triethylamine added arten pH was adjusted to 5.0. This phosphate bufign w
acetonitrile in the ratio of 80:20% (v/v), excellgreak shape was achieved.

Finally, satisfactory separation with better pelkpe was achieved, on chromatographic conditiorishahave
been mentioned in high performance liquid chromatplgy (HPLC), was used for validation study to aa&t its
performance characteristics.

M ethod validation

The method was validated as per the ICH guidelid€g, in terms of specificity, forced degradatiotudies
(stability indicating nature), linearity, stabilityf sample solution, robustness, precision (systesgision, method
precision and intermediate precision or ruggednasg)accuracy.

Specificity

For chromatographic methods, developing a separatimlves demonstrating specificity, which is tiality of the
method to accurately measure the analyte respartbe ipresence of all potential sample compondis.response
of the analyte in test mixtures containing the gieahnd all potential sample components (synthegismediates,
degradation products, process impurities) is coegavith the response of a solution containing dhky analyte.
For specificity determination, diluent, all relatedbstances of famciclovir solutions were prepaned/idually as
per methodology and injected into HPLC to confitme retention times. After that solutions of fameiét drug
substance prepared in triplicate (consided as abseimples) and famciclovir drug substance spikitd all related
substances prepared in triplicate (considered k®dsamples) as per methodology and injected fa.C to
confirm any co-elution with famciclovir peak fromnya of related substance peak and diluent. The peak
homogeneity was verified for famciclovir peak inntml sample and spiked sample using waters empqner
software and found to be pure (purity angle shdagldess than purity threshold). The specificityutessare shown
in Table 1 and an overlay chromatogram of contmohgle and spiked sample chromatograms is sheaguril.
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Table1l: Statistical data of Specificity

Sample Purity Angle | Purity Threshol | Mean assay (%w/A | % Differenct
Control Sample 0.213 0.420 99.7 0.0
Spiked Sample 1.015 2.165 99.7 )
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Fig. 1. A typical representative overlay chromatogram of (a) Control sample
(b) Spiked sample

The stability indicating nature of the method wastHer evaluated by performing the forced degradetiudies. As
per International Conference on Harmonization (ICktyess testing is to be carried out to identhg tikely
degradation products or to elucidate the inheréatbility characteristics of the active substanc@é].[The drug
substance was subjected to stress conditions dfolygis, oxidation, photolysis, thermal and huryidiegradation
and found that there was no interference obsergedaimciclovir peak. The stress study experimestiits are

shown in Table 2.

Linearity and Range

The linearity is the ability of the method to ditést results that are directly proportional t@algite concentration
within a given range. Range is the interval betwdenupper and lower levels of analyte been dematest to be
determined with accuracy and linearity. The ramgendrmally expressed in the same units as theréssits
obtained by the method. The ICH guidelines speaifjninimum of five concentration levels, along wiértain

minimum specified ranges. For assay method, lineaspecified range is from 80% to 120% of the test

concentration (25.0 pg mi). Linearity was evaluated based on the residaaidstrd deviation of a regression line
and slope was adopted. Standard solutions weretégiento HPLC chromatograph, five concentratiorels form

20.0 pg mt* - 30.0 pg mt*

(80% to 120% of test concentration). A plot ofabearea (uV*sec) versus
concentration (ug mt) was drawn and data was subjected to statistitalysis using a linear-regression model.

The statistical parameters slope, intercept, resishandard on deviation response and correlatefficient values
are calculated and shown in Table 3.
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Table2: Evaluation of forced degradation studies

Type of Degradation Degradation Conditior a:saglc(l%o\)/vl/:/v) Degradation (% w/w)| Purity angle  Purity threshgld
Undegraded sample - 99.8 Nil 0.099 0.309
5.0M HCL/Initial 25.1 74.8 - -
5.0M HCL/RT/5min 31.0 68.9 - -
5.0M HCL/RT/10min 30.6 69.3 - -
5.0M HCL/RT/20min 14.3 85.6 - -
0.5M HCL/Initial 82.8 17.0 - -
Acid degradation 0.5M HCL/RT/5min 82.4 174 - -
0.5M HCL/RT/10min* 82.1 17.7 0.129 0.324
0.5M HCL/RT/20mir 73.€ 26.2 - -
0.05M HCL/Initial 99.6 0.2 - -
0.05M HCL/RT/10min 98.1 1.7 - -
0.05M HCL/RT/20min 97.4 2.4 - -
5.0M NaOH/Initial 0.0 99.9 - -
0.05M NaOH/Initial* 77.5 22.3 0.200 0.333
Alkaline degradation 0.005M NaOH/Initia _ 98.C 1.€ - -
0.005M NaOH/RT/5min 69.2 30.6 - -
0.005M NaOH/RT/10min 62.6 37.2 - -
0.005M NaOH/RT/20min 48.1 51.8 - -
30% HO/Initial 99.9 -0.1 - -
Peraxide degradation 30% HO,/90°C/10min 89.8 10.0 - -
30% F,0,/90°C/20min: 74.¢ 25.C 0.61¢ 1.43¢
30% F,0,/90°C/30mit 65.2 34.€ - -
Thermal degradation 80°C/120 Hrs* 99.2 0.6 0.122 308.
Photolytic degradation) 10 K Lux/120 Hrs* 99.6 0.2 A7 0.321
Humidity degradation| 92% RH/25°C/120 Hrs* 99.5 0.3 0.127 0.351

* Upto 25%w/w, degradation is considered for rejmogtin all types of degradation conditions.

Table3: Statistical data of linearity

Statistical parameters Famciclovir
Concentration range ( ug mL 20 - 30
Slope 43737
Intercept -8471
Residual standard on deviation response 1554
Correlation coefficier 0.999¢

Accuracy

Accuracy is the closeness of the test results nbthby the analytical method to the true value.ubacy of the
method was performed by recovery experiments ustagdard addition technique. Accuracy criteriadorassay
method (FDA) is that the mean recovery will be #0®% at each concentration over the range of 8094 of the
test concentration. To document accuracy the ICHegjine on methodology recommends collecting datanfa
minimum of nine determinations over a minimum afeth concentration levels covering the specifiedyeahe
recovery study for the assay method was evaluatédpiicate at three different concentration levednging form
80% to 120% i.e 80%, 100% and 120% of the testewimation (25.0 ug mt). These samples were prepared as
per test method, analyzed in triplicate and thegmage recoveries were calculated. The averageapcvalues
ranged from 99.7% - 100.0% and the average recowepree levels (nine determinations) was 99.9%e T
completely validated accuracy results are showrsiole 4.
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Table 4: Statistical data of Accuracy

Famciclovir

Sample Identification Amount Added (mg) Foﬁrr?;l(thng) Recovery (%)| Statistical analys|s
80% Level samp-1 40.2¢ 40.21 99.¢ Mean* 100.(
80% Level samp-2 40.3Z 40.3¢ 100.( SD* 0.1
80% Level sample-3 40.40 40.45 100.1 %RSD* 0j1
100% Level sample-1 50.03 49.99 99.9 Mean* 99.9
100% Level sample-2 50.07 49.97 99.8 SD1 0.10
100% Level sample-3 50.01 50.03 100.0 %RSP* 0f1
120% Level samp-1 60.5¢ 60.61 100.1 Mean* 99.7
120% Level samp-2 60.2¢ 60.1% 99.7 SD* 0.4C
120% Level sample-3 59.63 59.21 99.3 %RSP* 0j4

Mear? 99.9

Overall statistical analysi SD? 0.25
%RSD 0.3

*: Average of three replicates
a : Average of nine replicates

Precision
Precision is the measure of the degree of repdiggabf an analytical method under normal operatemd is
normally expressed as the percent relative stardkarition (RSD) for a statistically significantmber of samples.
The performance of the method was evaluated witlicage injections of standard and sample soluti®tandard
solution was analyzed six times for checking thefggmance of the HPLC system under the chromatddcap
conditions on the day tested (System precisiong fative standard deviation for famciclovir starlis 0.4%.
Repeatability and reproducibility of the method wsteidied by analyzing six sample solutions sepbrate
Repeatability was the intra-day variation (Methoekgision), demonstrated by preparing six sampletsols
individually using a single batch of famciclovirudy substance as per methodology and assay wasnitetdr The
relative standard deviation for the assay of fatowic is 0.2%. The intermediate precision was theeii-day
variation (Ruggedness), was defined as the dedrespooducibility obtained by following the sameopedure as
mentioned for method precision experiment. The yamiglof the same sample (which is used in the Mktho
precision) under a variety of conditions using eliént system, column, with different analyst orfedént day by
preparing new standard, new mobile phase and asssiyletermined. The relative standard deviatioriferassay
of famciclovir is 0.2%. The completely validatedepision (System precision, Method precision anddrdgess)
results are shown in Table 5.

Table5: Statistical data of precision

Precision (System precision, Method precision anggedness)
Injection System precisionl Method precision| Ruggedness
Identification | Area (uV*sec) Assay (Yow/w) | Assay (Yow/w)
1 1075414 99.8 99.3
2 1084519 99.7 99.8
3 1078688 99.8 99.5
4 1085283 99.9 99.6
5 1082837 100.1 99.6
6 107993! 100.( 100.(
Mean 1081113 99.9 99.6
SD 3787 0.15 0.24
%RSD 0.4 0.2 0.2

Robustness

To assess the robustness of the method, experinoentditions were deliberately altered. The studswarried out
with respect to pH £ 0.2, wavelength + 5 nm, orgardriation in mobile phase + 2% and column flo@%. In
each robustness condition remaining chromatogragimalitions are same as per test method. In edulstoess
condition, standard solution was prepared as pe¢hadelogy and injected single time in HPLC systesrsgstem
suitability and again standard solution was injédiee replicates in HPLC system. From the systeiitability it
was observed that there is no much variation iant&n time, USP plate count and USP tailing fand&lovir
peak, obtained at different deliberately variedusihess conditions from the test method. Henceetftemethod is
robust for all varied conditions. The completelbustness results are shown in Table 6.
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Table6: Statistical data of Robustness

System suitability Standard solution
Robustness condition (Single Injection) M(:;\;]earre:;llcate injections)
Variation | USP plate count  USP tailing . SD | %RSD
(LV*sec)
As per test metho - 6571 1.C 108134¢ | 418¢ 0.4
H (£ 0.2) -0.2 6501 1.C 108134 | 111¢ 0.1
PR (£ 0. +0.2 6343 1.1 1083199 1989 0.2
-5nm 6454 1.1 784103 1783 0.2
Wavelength (£ 5 nm) +5nm 6431 11 1011255 4142 04
- 20,
% of Organic variation in mobile phase ( + 2%) +220//(z sgfjs 111'1 132?3305 122154 0 10'2
- 10% 6594 1.1 120194 | 2631 0.z
0,
Flow (+ 10%) T10% 6047 11 984546] 2026 0.2

Solution stability

The sample solution was prepared as per test meltsgpd The stability of sample solution was tedtgdecording
the chromatograms freshly prepared and at diffeir@etvals with the gap of every one hour up tohirs by
keeping, sample cooler temperature at 25°C. Theifférehce in the peak areas of famciclovir fromsfily to
different time interval was found 0.0. From theules it is concluded that sample solution waslstédr 24hours at
ambient temperature (25°C).

CONCLUSION

A simple isocratic stability indicating reverse phdiquid chromatography (RP-HPLC) method was dgped and
validated for the determination of assay of fanwitl in famciclovir drug substance. The resultsvafious
validation parameters demonstrated that the mathsplecific, stability indicating, linear, precismlution stability,
robust and accurate. Hence the proposed methachides reliable and userfriendly, for the deterntioa of assay
of famciclovir in famciclovir drug substance.
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