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ABSTRACT

A simple and accurate and precise reverse phase liquid chromatographic
method was devel oped for the determination of the Assay and related sub-
stance in Ribavirindrug substance. Ribavirin isabroad spectrumAnti-Viral
agentshows varying degrees of clinical efficacy in avariety of human viral
infections including viral hepatitis, respiratory tract infections and
haemorrhagic fevers. The Chromatographic separation between Ribavirin
and itsrelated substances was achieved usinga Y MC- Pack ODS-AQ; 150
X 4.6 mm, 3um column, buffer contains 1.0g of anhydrous sodium sulfate
and 2ml of 5%V/V Orthophosphoric acid and adjusted pH to 2.8 with 5% v/
v orthophosphoric acid, mobile phase contains buffer as Mobile phase A
and buffer: Acetonitrile (95:05 %v/v) as Mobile phase B using a binary
gradient mode with flow rate of the mobile phase kept at 1.0 mL/min. The
sampl e concentration was 0.5 mg/mL. The column temperature was main-
tained at 25°C and the detection wavelength was 220 nm. The injection
volume was 5uL. The resolution between the critical pair of peaks (Impu-
rity-A& Ribavarin)was found to be greater than 2.0. The limit of detection
(LOD) and limit of quantification (LOQ) of Impurity-A is 0.1ng/mL, and
analyte were 0.3 ng/mL, for 5ul injection volume. The test solution and
mobile phase was observed to be stable up to 48 h after the preparation.
The method was validated and found good results of precision, Selectivity
and Solution Stability. The proposed method was found to be suitable and
accurate for the quantitative determination of the assay and related sub-
stances during release and stability testing of Ribavirin active pharmaceu-
tical ingredient. © 2016 Trade Sciencelnc. - INDIA
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INTRODUCTION

Ribavirin is described chemically as 1-B-D-
ribofuranosyl-1H-1,2 4-trizol e-3-carboxamide (Fig-
ure 1) and Impurity-A is described chemical name
as Ribose triazole carboxylic acid(Figure 2). It is

oneof theAnti-Viral drug® usedin treatment of pa-
tientswith Chronic Hepatitis C. High-Performance
Liquid Chromatographic Determination of Ribavirin
in Whole Blood to Assess Disposition in
Erythrocyteswas reported in the literature?3. De-
termination of ribavirinin human serum and plasma
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by capillary electrophoresis was also reported. A
rapid rp-hplc method development and validation
for the quantitative estimation ribavirin in tablet®,
Stability-Indicating HPLC-DAD Determination of
Ribavirin in Capsules and Plasma®” were also re-
ported. So far to our knowledge no stability indicat-
ing HPL.C method for determination of the assay and
related substances of Ribavirin drug substance has
been reported.

Attempts were made to develop a suitable sta-
bility indicating LC method that can be used to de-
termine the Assay and related substances bulk
samples of Ribavirin. The present work describesa
new, simple and accurate reverse phaseliquid chro-
matographic method for the detection of the process-
related impurities and degradation products gener-
ated from forced degradation studies which may be
present in the bulk drug. The devel oped method was
validated to ensure the compliance in accordance
with ICH guidelines.

EXPERIMENTAL

Chemicalsand reagents

Samplesof Ribavirinand itsrelated substances,
Impurity-A (Imp. A), (Figure 2) werereceived from
aSai Life Scienceltd., Hyderabad, India. TheHPLC
grade acetonitrilewas purchased from Rankem fine
chemicals, India, Analytical Reagent grade Sodium
sulfate anhydrous, Ortho phosphoric Acid was pur-
chased from Merck fine chemicas, India, HPLC
gradewater was produced internally by using Milli-
Q, Millipore water purification system

I nstrumentation

The LC system, used for method devel opment
and validation was from Waters alliance 2695 se-
ries with 2489/2998 Detectors (Waters corporation
34 Maple street., Milford, Massachusetts,
01757USA) consists of Quaternary gradient pump,
auto sampler, Column oven and variablewavelength
detector. The output signal was monitored and pro-
cessed using Empower software on Pentium com-
puter (Hewlett Packard).

Samplepreparation

The stock solutions were prepared separately
by dissolving the appropriate amounts of therelated
substances and compound in diluent, acetonitrile:
water, 50:50 (v/v). Thetarget analyte concentration
wasfixed as 500ng/mL.

RESULTSAND DISCUSSION

The objective of this work is to develop suit-
able stability indicating HPL C method for the assay
and rel ated substances and degradation products that
were present in ribavirin drug substance. The mix-
ture of related compounds (Imp. A,) and Ribavirin
was used in the method devel opment. Different Re-
verse phase stationary phases were employed dur-
ing method development namely Zorbax SB-C8,
250x4.6 mm, 5um, (Agilent Technologies, USA),
LunaC-18 150x4.6 mm, 3 um (Phenomenex, USA),
Zorbax SB-C18, 150x4.6 mm, 3.5um, YMC- Pack
ODS-AQ; 150x 4.6 mm, 3um column Different trails
were made during the method development and the
detailswere mentioned inthe TABLE 1.

Optimized chromatographic conditions

TABLE 1 : Results of different trails

Trial

HPL C Conditions

Remarks

Zarbax SB-C8, 250X4.6 mm, 5u

Mobile phase: 0.1% v/v TFA inwater (MP-A)
1 and 0.1% v/v TFA in Acetonitrile (MP-B)

Flow rae How rate: 1.0 mL/min,

Column temperaure 25 °C In Volume: 10 ul

Column: Luna C-18 150X4.6mm, 3 pm

2 Mobile phase: 10 mm Ammonium Acetate and (MP-A) and A cetonitrile M P-B)

Columntemperature 30 °C
Column; Zorbax SB-C18, 150X4.6 mm, 3.5um

3 Mobile phase: 10 mm Ammonium Acetate (MP-A) and Acetonitrile MP-B)

Poor resolution

Poor resolution
Andyte peak shape
i< broad

Peak tailing were
Observed

Flow rae 1.0 mL/min, Column temperature: ambient
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TABLE 2 : Forced degradation study results

S. No. Stresscondition Stress Solution Duration % Degradaion
1 Adidic 24 hours 9.8
2 Basic 24 hours 125
3 Thermd 24 hours 0.1
4 Peroxice 24 hours 4.8
5 Photolytic 24 hours 0.1
TABLE 3: Validation results
Pa ameter Results
Name Resolution Taling Factor Theoreticd Plates
System Suitability Ribavirin NA 1.089 12578
I mpurity-A 5.83 1.23 8797
Name Retention Time Purity Angle Purity Threshold
Secificity Ribavirin 4108 0.07 2.14
[ mpurity-A 3.290 15.24 .14
Name System Precision (%RSD) Method Precision (%RSD)
Precision Results Ribavirin 13 2.32
I mpurity-A 11 2.81

Chromatographic separations were achieved
only YMC- Pack ODS-AQ; 150 x 4.6 mm, 3um col-
umn, buffer contains 1.0g of anhydrous sodium sul-
fate and 2 mL of 5%v/v Orthophosphoric acid and
adjusted pH to 2.8 with 5% v/v orthophaosphoric acid,
mobile phase contains buffer as Mobile phaseA and
buffer: Acetonitrile (95:05 %v/v) as Mobile phase
B using abinary gradient mode with flow rate of the
mobile phase kept a 1.0 mL/min. The test sample
concentration was 0.5 mg/mL indiluent, (Diluent is
water). The column temperature was maintained at
25°C and the detection wavelength was 220 nm. The
injection volume was 5 pl. The total analysistime
for each run was 45 min. Good separations of all
impuritiesand degradantswithin short runtimewere
observed on YMC- Pack ODS-AQ; 150 x 4.6 mm,
3um column.

Typical retention times of Imp. A, is 3.6 min.,,
and analyte is4.36 min. The system suitability®® re-
sultsweregivenin TABLE: 2.

Method validation
Specificity
Specificity istheability to assess unequivocally

the analytein the presence of componentswhich may
be expected to be present. Typically these might in-

clude impurities, degradants, matrix, etc.[¥ Speci-
ficity was tested by injecting the spiked sample of
Ribavirin with appropriate levels of impurities and
demonstrating the separation of theseimpuritiesin-
dividually and/or from other components in the
sample matrix. Moreover, identification of impurity-
A was confirmed with retention time as compared
with those of pure standards and aso conform the
peak purity of the analyte and impurity —A. Results
weregivenin TABLE: 3

Forced degradation studies were performed for
bulk drug to provide an indication of the stability
indicating property and specificity of the proposed
method. Intentional degradation was attempted to
stress conditions of Photolytic degradation as per
ICH Q1B, Thermal degradation (at 60° C), acid hy-
drolysis (using 0.5 N HCI), base hydrolysis (using
0.5N NaOH), and oxidative degradation (using 3.0%
H O ) to evaluate the ability of theproposed method
to’sebarate Ribavirin from its degradation products.
For heat and light studies, study period was 10 days
where as for acid, base, and oxidative degradation
it was 48 hours. In all the stressed conditions peak
purity of Ribavirin peak was passes by PDA detec-
tor. The chromatogram was presented in Figure: 4
and the results were presented in TABLE: 2.
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Figure 1 : Chemical structure of1-p-D-ribofuranosyl-
1H-1, 2, 4-trizole-3-carboxamide (Ribavarin)

Precision
Method precision

The precision of an analytical procedure ex-
presses the closeness of agreement among a series
of measurements obtained from multiple samplings
of the same homogenous sample under prescribed
conditions®.

The system suitability was performed using 0.5
mg/mL ribavirin standard and impurity -A.
Themethod precision for 0.5 mg/
mL Ribavirinsample. spiked with 0.20% of Imp. A
with respect to analyte concentration with six dif-
ferent preparations. the percentage rel ative standard
deviation (%RSD) of method repeatability and sys-
tem suitability for impuritieswas confirmsgood pre-
cision of themethod. Resultsweregivenin TABLE:3
Linearity

The linearity of an analytical procedure is its
ability (within agiven range) to obtain test results,
which aredirectly proportional to the concentration
of the analyte in the sampl€®. The linearity of the
method was checked at six concentration levels of
impurity-A i. e. from LOQ (0.03ng/mL) to 15ng/mL.
The coefficient of regression of the calibration
curvewas found to be greater than 0.99, andand%y
—Intercept is getting is 3.5 % for impurity-A. Thus
confirming the excellent correl ation existed between
the peak areaand concentration of theimpurities.

Limit of detection and limit of quantification

Thelimit of detection (LOD) representsthe con-
centration of analytethat would yield asignal to noise
ratio of 31%. Thelimit of detection (LOD) of Imp. A,
0.01ng/mL respectively for 5 ul injection volume.
Thelimit of quantification (LOQ) representsthe con-
centration of analytethat would yield asignal to noise
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Figure 2 : Chemical structure of ribose triazole car boxy-
lic acid (Imp. A)

ratio of 101, The limit of quantification (LOQ) of
Imp. A, were 0.3ng/mL, for 5ulL injection volume.
The precision for Imp-A at LOQ level was good,
the relative standard deviation was found to be be-
low 5.2%.

Accuracy

Standard addition and recovery experiments
were conducted to determine the accuracy of the
present method, for the quantification Imp. A, The
study was carried out at LOQ, 0.1, 0.2 0.3, and 0.5
% of target analyte concentration (0.5 mg/mL) of
Imp. A, The percentage recoveriesof impuritieswere
ranged from 95.8 to 103.4 in samples of
Ribavirindrugsubstance.

Robustness

The robustness of an analytical procedure® is
measure of its capability to remain unaffected by
small, but deliberate, variations in method param-
etersand provide an indication of itsreliability dur-
ing norma usage. In the varied chromatographic con-
ditions viz. flow rate, mobile phase ratio and col-
umn temperature, the resolution between
Ribavirinimp. A, peaks was found to be >2.5 illus-
trating the robustness of the method.

Solution stability and mobilephase stability

Sol ution stability was studied by keeping thetest
solution spiked with impurities i n tightly capped
volumetricflask at temperature25 +2 Conalabo-
ratory bench for 24 h. Content of impurities was
checked for every 12 h interval and compared with
freshly prepared solution. No variation was ob-
served in the content of impurities in sample solu-
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Figure 4 : Degradation study chromatograms a) acid, b) base, c) thermal, d) peroxide and €) photolytic

at every 12 h for 48 h. The same mobile phase was
used during the study period. No variation was ob-
served in the content of impuritiesfor the study pe-
riod and it indicates prepared mobile phase was
found to be stable up to 48 h.

CONCLUSION

In this study, the ssmple, accurate and well-de-
fined stability indicating HPLC method for the de-
termination of the Assay and related substances and
degradation products in Ribavirin was described.
Ribavirin under various stress conditions were stud-
ied and presented. Based on the validation study re-
sults obtained, concluded that, the anal ytical method
used for the related substances and Assay of
Ribavirin drug substance by HPLC method is suit-
ablefor release and stability testing analysis during
manufacturing.
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