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ABSTRACT

Ritonavir was originally developed as an inhibitaf HIV protease. It is one of the most complexhitbis. It is

now rarely used for its own antiviral activity, brtgmains widely used as a booster of other proteéakiitors.

cytochrome P450-3A4 (CYP3A4). The drug's molecstiarcture inhibits CYP3A4, so a low dose can bal use
enhance other protease inhibitors. The chromatofi@gonditions comprise of a column: Zorbax Bonis 13,

4.6x100mm, 3.5u. A mixture of 0.01M Potassium ddgeh phosphate buffer (pH 6.8), Acetonitrile ie tiatio of

50:50 was used as Mobile phase. Quantitation waseaed by UV detection at 239 nm. A linear respanse

0.999) was observed in the range of 200 to 800gpm(about 40% to 160%o0f target concentration) Ritonavir.

The method was validated for Accuracy, Precisiangérity, Specificity, robustness LOD,LOQ and digbiare

within the ICH specifications. The proposed methad been used to estimate the Ritonavir. It is dissirable to
have less run time; Henceforth the analysis of mssanple will become fast and reliable. The methasl validated
to meet requirements of global regulatory filling.
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INTRODUCTION

One of the deadliest and unmanageable chronictheatastrophes is HIV/AIDS. It requires lifelongatment with
potent life saving essential drugs that includelenside reverse transcriptase inhibitors, non rosifle reverse
transcriptase inhibitors and protease inhibitormofigst these Ritonavir drug is a protease inhibiteed as a
second line regimen to treat patients with HIV [Rjtonavir (Figure 1) is chemically designated 8sHydroxy-2-
methyl-5-(1-methylethyl)-1-[2-(1-methylethyl)-4-#Eolyl]-3,6-dioxo-8,11-bis(phenylmethyl)-2,4,7, 1&+aazatri -
decan -13-oic acid, 5-thiazolylmethyl ester, [5&8(BR*,10R*,11R*)] It is official in Indian Pharmapoeia [2]
and United States Pharmacopoeia [3] Literatureesurgvealed several analytical methods for therpetetion of
Ritoavir and lopinavir in tablets, capsules, andupg which employ techniques such as high-perfooadiguid
chromatography (HPLC) [3-5], Ultra performance ldjehromatography (UPLC) [6], and high performaticia
layer chromatography (HPTLC) [7]. In biologicalfiis, the active principles as well as their metébslhave been
quantitatively determined by HPLC with UV detectiohC/MS/MS [8,9] Spectroscopic method[10-14],
Micellarelectrokinetic chromatography method [1Bparandem mass spectrometry [16] Apart from thevabw
other methods for quantitative determination ofoRévir oral suspension. The developed method wagplsi
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precise, specific and accurate. The statisticalyaisaproved that method is reproducible and selector the
analysis of Ritonavir in bulk drug and its oral gession.

EXPERIMENTAL SECTION

Instruments and reagents

An analytically pure sample of Ritonavir was pramlias gift sample from Matrix laboratories (Hydex@blindia).
Analytical HPLC grade Acetonitrile, Water -Milliperwater from Merck, Photassium dihydrogen phosph#g&
Grade from Chem India was used as solvent foridilutHPLC Agilent 1200 infinity series with PDA Aay
Detector with OPEN LAB software was used. Ritonawial suspension 400mg/5mL was procured from local
pharmacy.

Selection of chromatographic method

Proper selection of the method depends upon theenaf the sample, molecular weight and the slitybReverse
phase chromatography technique was selected foaligieparations from the knowledge of propertiésthe
compounds.

CHROMATOGRAPHIC CONDITIONS

The HPLC system used was HPLC Agilent 1200 infisityies with PDA Array Detector. A ZORBAX BONUS RP
18 column 3.5p 4.6x100mm was used at ambient teahper Separation was achieved using a mobile phase
consisting of the mixture 0.01M Phosphate bufféd 8), Acetonitrile in the ratios of 50:50 v/v. pif solutions
were measured using a Crison Model. The detectavelgngth was set at 239 nm. The flow rate wasril/Gin.

Data analysis was carried out using open lab softwEhe standard optimized chromatogram was shdig

Buffer preparation: (0.01M Potassium dihydrogen phaphate buffer)
Dissolved 1.3g of Potassium dihydrogen phosphai®d0ml of milliQ water and adjusted pH to 6.8.85 With
NaOH solution.

Mobile Phase:
Mixed buffer and Acetonitrile in the ratio of 50360 respectively and degassed.

Standard preparation:

Weighed accurately and transferred about 100mgtohRvir working standard, into 200mlvolumetricdla Added
about 170ml of diluent and sonicated to dissolvedMup to the volume with diluent and mixed welk& above
solution 10 ml in 50 ml volumetric flask dilute up mark with diluent (200ppm). Mix well and filtehrough
0.45um filter.

Sample preparation:

Accurately transferred 1.25 mL of Ritonavir oralspansion 400mg/5mL (100mg) transferred in to 200ml
volumetric flask. Added 170 mL of diluent and sated for 20minutes with intermittent shaking inccelater,
made up to the volume with diluent and mixed wedke above solution 10 ml in 50 ml volumetric flagilute up

to mark with diluent (200ppm). Filtered the solutitirough 0.45 pm PVDF membrane filter.

Assay procedure:

Separately inject equal volumes (about 10 pL) bfedits as blank, standard preparation and sapmpfarations
in to the chromatograms and measure the peak espanses for the analyte peaks and calculate thes&yAThe
sample chromatogram was shown in fig 3 and theyasdaes are reported in table 1.

METHOD VALIDATION  #719)

System suitability testing:

System suitability testing is an integral part airm analytical procedures. The tests are basetheononcept that
the equipment, electronics, analytical operatiar samples to be analyzed constitute an integsaésythat can be
evaluated as such. System suitability test parasétebe established for a particular procedureeddmn the type
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of procedure being validated and the parameters t#ling factor, retention time, theoretical pkatper unit,
resolution factor are determined and the resuéisabulated in table 2

Accuracy:

A known quantity of the pure drug was added aloriidp wlacebo to prepare samples at the level of 5000%,
150%, of the target concentration in triplicate eTdontents were determined from the respectivencht@grams.
The concentration of the drug product in the solutivas determined using assay method. The % RSRnme
recoveries was calculated, which shows that methadcurate. The results obtained are tabulatéabie 3.

System Precision

Weighed accurately and transferred about 100mgimh&vir working standard, into 200ml  volumetflask.
Added about 170ml of diluent and sonicated to di®soMade up to the volume with diluent and mixedllw
solution preparation was injected six times inte tthromatograph and Chromatograms were recordedrésults
obtained are tabulated in table 4.

Method precision:
The precision of the method (repeatability) wasestigated by performing six determinations ef same batch of
product of known concentration The resulting datgapovided in Tables 5 which shows that the regiskity

Specificity:

Specificity is the ability to assess unequivoctitlg analyte in the presence of components thattrbiglexpected to
be present, such as impurities, and matrix compsnéiluent, placebo, standard solution, and sarsplation
were separately injected into the HPLC system. rRitir peaks were examined not affected by diluemd a
placebo.The results observed are tabulated in Gabfe in figure 4 and 5.

Linearity:

Weighed accurately and transferred about 100mgitohBvir standard, into 100mlvolumetric flask. Adidé0 mL
of diluent and sonicated for 20 minutes with intégtemt shaking in cold water, made up to the volusith diluent
and mixed well. Then from the above solution také,8,10,12,14,16 ml of the solution and make @wblume to
20 ml with diluents to get the concentrations 00,300,400,500,600,700 and 800 pug/ml respectivetg Jolution
was injected into the chromatograph. The area tfravir was recorded for each level and correlatioefficient
was calculated. A graph dafoncentration (ppm) was plotted on X-axis anllrea on Y-axis. The results are
reported in table 7 and figure 6.

LIMIT OF DETECTION

Pipette 1mL of 10pg/ml solution into a 10 ml of woletric flask and dilute up to the mark with dilugPipette 1mL
of 10pg/ml solution into a 10 ml of volumetric flaand dilute up to the mark with diluent. Furthgrgite 0.8mL of
above diluted solution into a 10 ml of volumetrlask and dilute up to the mark with diluents. Tlesuits are
tabulated in table 8.

LIMIT OF QUANTIFICATION

Pipette 1mL of 10pg/ml solution into a 10 ml of wwletric flask and dilute up to the mark with dilu@pette 1mL
of 10pg/ml solution into a 10 ml of volumetric flkaand dilute up to the mark with diluent. Furthgrgite 2.5mL of
above diluted solution into a 10 ml of volumetrlask and dilute up to the mark with diluent. Theules are
tabulated in table 9.

Stability of solutions

a) Bench top stability of standard and sample Solitns:

A study to establish the stability of standard aadchple solutions on bench top was conducted fand24s. The
similarity factor for standard solution and % asf@ysample solutions were estimated at initial aftér 24 hours
against freshly prepared standard solution. Thediffce in % assay of sample solutions betweelimitid after 24
hours was calculated and the similarity factor @bRavir in standard solution was calculated aftérhours. The
results are tabulated in table 10.
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b) Bench top stability of mobile phase

A study to establish the stability of mobile phasebench top was conducted for 5 days. The systitatbdity was
performed as per the test method by using the saofile phase on different days (initial, after ¥sland 5 days)
and areas were recorded. The results obtainedlautated in table 11.

Robustness:

The robustness of an analytical method is a measiuits capacity to remain unaffected by small Hetiberate
variations in method parameters and provides aitatidn of its reliability during normal usage. Tk&andard
solution and sample solution were injected intodhematograph at varied conditions of flow, coluramperature
and mobile phase ratio.

a)Change in flow rate:
Standard solution preparation was injected 5 timtesthe chromatograph at different flow rate (& éaL/min) i.e.,
at 0.9 mL/min and 1.1 mL/min respectively and chatmgrams were recorded. The results are tabulatesbie 12.

b) Change in column temperature form 25°C
Standard solution preparation was injected 5 timsthe chromatograph at different column tempeesa(x 5 %)
i.e., at 20°C and 30°C respectively and chromatograere recorded. The results are tabulated ie tEdl

¢) Change in mobile phase pH:
Standard solution preparation was injected 5 tiinés the chromatograph at different pH i.e., & énd 6.9
respectively and chromatograms were recorded. 8$dts are tabulated in table 14.

RESULTS AND DISCUSSION
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Fig 1: Chemical Structure of Ritanovir
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Fig 2: The standard optimized chromatogram
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Fig 3: Typical Chromatogram of sample
Table 1: Result of Assay
SL.No | Drug taken in the %level | Amount added in ug| Anount found in ug | %recovered | %Mean recovery | %RSD
100 100.8 100.15 100.1
10C 100.2 99.8( 99.¢ 99.9 0.2
10C 100.7 99.9¢ 99.¢
Table 2: System suitability testing
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Table 3 Results of Recovery
Sample No. | %Level (about) mr P % Recove Mean % Recove % RSD
. (1] 0 0 (V)
P Added | recovered i i
1 50.12 50.20 100.2
2 50% 50.0¢ 50.1¢ 100.2 100.1 0.2
3 50.1% 50.0Z 99.¢
1 100.08 100.15 100.1
2 100% 100.02 99.80 99.8 99.9 0.2
3 100.07 99.96 99.9
1 150.03 149.94 99.9
2 150% 149.9¢ 149.2( 99.t 99.7 0.2
3 150.0¢ 149.5: 99.€
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Table 4: Results of System Precision

Injection Number | Peak area
1 338894!
2 338768:
3 3424050
4 3394325
5 3402068
6 339858;
Mear 3399271
% RSD 0.4

Table 5 Results for Method Precision

Sample Number | % Assay

1 98.2

2 98.1

3 98.f

4 99.4

5 97.7

6 97.¢

Mear 98.2

% RSD 0.5

Table6 -Results of Placebo Interference

Preparation | Peak found at RT of analyte (Yes/No)

0014 -
0.012_5
0.010—5
n:n.cn:e—f
o.oua_f

0.004

0.002
0,000

1 No
2 No
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Fig 4: Typical Chromatogram of Placebo
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Fig 5: Typical Chromatogram of Blank
Table 7: Linearity Data
Solution | Dil.From stock | Percentagg Concentration(ug/ml) Area
1 4ml in 20m 40 20C 135558
2 6mlin 20m 60 30C 205391!
3 8mlin 20ml 80 400 2711167
4 10mlin 20ml 100 500 338894P
5 12ml in20m 12C 60C 4063501
6 14mlin 20m 14C 70C 475977:
7 16mlin 20ml 160 800 5422334
linearity of Ritonavir R? = 0.999961
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=
=}
8 3000000
§ /
< 2000000 /
1000000
0 ‘ ‘ ‘ ‘ ‘ ‘
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Figure 6: Linearity Plot of Ritonavir
Table 8: Limit of Detection
Componeni | Working conc. (ug/ml) | LOD Conc. (ul/ml) | Signal To Noise Ratit
Ritonavir 0.08 0.024 2.8
Table 9: Limit of Quantification:
Component | Working conc. (ug/ml) | LOQ Conc. (uI/ml) | $ynal To Noise Ratio
Ritonavir 0.25 0.07 10.32
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Table 10: Results of Bench top Stability for Standal and Sample solutions

L Similarity factor %Assay Difference from initial
Time in Hours
of Standard Sample-1| Sample-2| Sample-1 Sample-p
Initial NA 98.7 99.: NA NA
24 1.01 99.: 99.7 0.€ 04

Table 11: Results of Mobile Phase Stability on Behctop

N Observed valut
System suitability
At After | After
Parameters N
Initial | 2 day | 5 days
The %RSD foRitonavil peak areas from five injections of standard soh 0.7 0.7 0.¢
The tailing factor for Ritonavir peak from tichromatogram of Standard solut 1.1 1.1 1.2

Table 12: Results of Robustness-Change in Flow rafeom 1 mL/min

. Observed value with Flow Rate
System suitability
0.9 1.0 11
Parameters ) ) )
mL/min_| mL/min_| mL/min
The %RSD for Ritonavir peak areas from five injeet of standard solution 0.5 0.4 0.7
The tailing factor for Ritonavir peak from the chratogram of Standard solution 1.1 1.1 1.2

Table 13: Results of Robustness-Change in Column fiperature from 30°C

System suitability Observed value with Column oven Temperature
Parameters 20°C 25°C 30°C
The %RSD for Ritonavir peak areas from five injexti of standard soluti 0.€ 0.4 0.E
The tailing factor for Ritonavir peak from the chratogram of Standard solution 1.2 1.1 1.1

Table 14: Results of Robustness-Change in Mobile Bse pH from 6.7

System suitability Observed value with buffer
Parameters pH6.6 | pH6.8| pH®6.9
The %RSD for Ritonavir peak areas from five injent of standard soluti 0.t 0.t 0.€
Thetailing factor form Ritonavir peak from the chromgitam of Standard soluti 1.1 1.1 1.1
CONCLUSION

Ritonavir was originally developed as an inhibitdérHIV protease. On literature survey it was fouhdt HPLC,
Colorimetric, Spectroflourimetry & UV methods weneported for the estimation of Ritonavir in itsraslations. A
simple and sensitive Spectrophotometric methodkeas described for the assay of Ritonavir eitheauire form or
in pharmaceutical Liquid dosage form, Absorptionximea of Ritonavir were found to be at 254nm. RP £8P
method was reported for estimation of Ritonavirview of the need for a suitable method for routamalysis of
Ritonavir for its assay with less solvent consumtihigh resolution, more sensitive, and reduced time an
attempts were being made to develop simple, preais# accurate method by using Reverse Phase High
Performance Liquid Chromatography. RP-HPLC methaydektimation of Ritonavir is developed and valdifor
various parameters as per ICH guidelines. The systgitability parameters proved that the proposethod is
suitable for estimation of Ritonavir. Good agreem&ras seen in the estimation results of pharmacauti
formulation for its assay by developed method. Keitcan be concluded that the proposed methodangmod
approach for obtaining reliable results and foumbte suitable for the routine analysis of Ritonavir
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