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estimation of Everolimus in bulk and marketed pharmaceutical dosage forms. The
Everolimus was resolved on a Symmetry ODS C18 (4.6mm % 250mm, 5pm) using
water: Acetonitrile Buffer used in the ratio of 40:60 % v/v as the mobile phase. The
detection wavelength was 235 nm. The retention time obtained for Everolimus were
3.006 min. The linearity ranges were 6-14 with Regression coefficients of 0.9997. The

% R.S.D. of precision studies was found to be 0.171. The accuracy of the proposed
method was determined by recovery studies and the mean recovery was 99.72%. The
limit of detection and the limit of quantitation were found to be 1.4pg/ml and 3.2pg/ml,

respectively. Different analytical performance parameters such as precision, accuracy,

limit of detection, limit of quantification and robustness were determined according to
International Conference on Harmonization (ICH) guidelines. Thus the novel proposed
method for Everolimus was found to be feasible for the estimation of Everolimus in bulk
as well as the pharmaceutical dosage form.

INTRODUCTION

Everolimus is a derivative of Rapamycin
(Sirolimus), and works similarly to Rapamycin as
an mTOR (mammalian target of Rapamycin)
inhibitor. It 1is currently wused as an
immunosuppressant to prevent rejection of organ
transplants. In a similar fashion to other mTOR

inhibitors Everolimus' effect is solely on the

mTORCI protein and not on the mMTORC2 protein.
Oral Everolimus is absorbed rapidly, and reaches
peak concentration after 1.3-1.8 hours. Steady
state is reached within 7 days, and steady-state
peak and trough concentrations, and area under the
concentration-time curve (AUC), are proportional
to dosage. Everolimus [1] is an mTOR inhibitor
that binds with high affinity to the FK506 binding
protein-12 (FKBP-12), thereby forming a drug
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complex that inhibits the activation of mTOR. This
inhibition reduces the activity of effectors
downstream, which leads to a blockage in the
progression of cells from G1 into S phase, and
subsequently inducing cell growth arrest and
apoptosis. Everolimus [2] also inhibits the
expression of hypoxia-inducible factor, leading to
a decrease in the expression of vascular
endothelial growth factor. The result of
Everolimus [3] inhibition of mTOR is a reduction
in cell proliferation, angiogenesis, and glucose
uptake. The IUPAC Name of Everolimus is (1R,
9S, 12S, 15R, 16E, 18R, 19R, 21R, 23S, 24E, 26E,
28E, 308, 328, 35R)-1, 18-dihydroxy-12-[(2R)-1-
[(1S, 3R, 4R)-4-(2-hydroxy ethoxy)-3-methoxy
cyclo hexyl] propan-2-yl]-19, 30-dimethoxy-15,
17, 21, 23, 29, 35-hexa methyl-11, 36-dioxa-4-
azatri cyclo [30.3.1.04, 9] hexatriaconta-16, 24,
26, 28-tetraene-2, 3, 10, 14, 20-pentone. The
Chemical Structure of Everolimus as shown in fig-
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Fig 1: Chemical Structure of Everolimus

MATERIALS AND METHODS:

HPLC instrument used was of WATERS HPLC
2965 SYSTEM with Auto Injector and PDA
Detector. Software used is Empower 2. UV-VIS
spectrophotometer PG Instruments T60 with
special bandwidth of 2mm and 10mm and matched
quartz was be used for measuring absorbance for
Everolimus solutions.

METHOD DEVELOPMENT:

st
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Preparation of standard solution
Accurately weigh and transfer 10 mg of
Everolimus working standard into a 10ml of clean
dry volumetric flasks add about 7ml of Methanol
and sonicate to dissolve and removal of air
completely and make volume up to the mark with
the same Methanol. Further pipette 0.1ml of the
above Everolimus stock solutions into a 10ml
volumetric flask and dilute up to the mark with

Methanol.

Procedure
Inject the samples by
chromatographic conditions

changing the
and record the
chromatograms, note the conditions of proper peak
elution for performing validation parameters as per
ICH guidelines.

Mobile Phase Optimization

Initially the mobile phase4 tried was water:
Acetonitrile Buffer with varying proportions.
Finally, the mobile phase was optimized to
Methanol: Phosphate Buffer in proportion 40:60%
v/v.

Standard Preparation: (Everolimus 100pg/ml)

Accurately Weighed and transferred 10mg
Everolimus working Standard into a 10ml clean
dry volumetric flask, add 5ml of diluent, sonicated
for 30 minutes and make up to the final volume
with diluents .From the above stock solution, 1 ml
was pipeted out in to a 10ml Volumetric flask and
then make up to the final volume with diluents.

Sample Preparation:

5 tablets were weighed and calculate the average
weight of each tablet then the weight equivalent to
1 tablet was transferred into a 10 ml volumetric
flask, 5ml of diluent added and sonicated for 30
min, further the volume made up with diluent and
filtered. From the filtered solution Iml was pipette
out into a 10 ml volumetric flask and made up to
10ml with diluent. Buffer: 0.77gms of
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dissolved in 1000ml
HPLC grade water and sonicated for 30mins.

ammonium acetate was

Optimization of Column

The method was performed with various C18
columns like, X- bridge column, Xterra, and C18
column. Symmetry ODS C18 (4.6 x 250mm,
50m) was found to be ideal as it gave good peak
shape and resolution at 1ml/min flow.

Method Validation Parameters

System Suitability

Accurately weigh and transfer 10 mg of
Everolimus working standard into a 10ml of clean
dry volumetric flasks add about 7mL of Diluents
and sonicate to dissolve it completely and make
volume up to the mark with the same solvent.
Further pipette 0.Iml of the above Everolimus
stock solution into a 10ml volumetric flask and
dilute up to the mark with diluents.

Procedure

The standard solution was injected for five times
and measured the area for all five injections in
HPLC. The %RSD for the area of five replicate
injections was found to be within the specified
limits.

Specificity

Preparation of Standard Solution

Accurately weigh and transfer 10 mg of
Everolimus working standard into a 10ml of clean
dry volumetric flasks add about 7ml of Diluents
and sonicate to dissolve it completely and make
volume up to the mark with the same solvent.
Further pipette 0.1ml of the above Everolimus
stock solutions into a 10ml volumetric flask and
dilute up to the mark with diluents.

Linearity
Accurately weigh and transfer 10 mg of
Everolimus working standard into a 10ml of clean

\”7"'3“?‘\} INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

T

dry volumetric flasks add about 7ml of Diluents
and sonicate to dissolve it completely and make
volume up to the mark with the same solvent.
Precision

Repeatability

Preparation of Everolimus Product Solution
for Precision

Accurately weigh and transfer 10 mg of
Everolimus working standard into a 10ml of clean
dry volumetric flasks add about 7ml of Diluents
and sonicate to dissolve it completely and make
volume up to the mark with the same solvent.
Further pipette 0.Iml of the above Everolimus
stock solutions into a 10ml volumetric flask and
dilute up to the mark with diluents. The standard
solution was injected for five times and measured
the area for all five injections in HPLC. The
%RSD for the area of five replicate injections was
found to be within the specified limits.

Intermediate Precision

To evaluate the intermediate precision (also
known as Ruggedness) of the method, Precision
was performed on different days by maintaining
same conditions.

Accuracy
For preparation of 50% Standard stock
solution
Accurately weigh and transfer 10 mg of

Everolimus working standard into a 10ml of clean
dry volumetric flasks add about 7mL of Diluents
and sonicate to dissolve it completely and make
volume up to the mark with the same solvent.
Further pipette 0.05ml of the above Everolimus
stock solution into a 10ml volumetric flask and
dilute up to the mark with diluents.

Robustness
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The analysis was performed in different conditions
to find the variability of test results. The following
conditions are checked for variation of results.

RESULTS AND DISCUSSIONS

Optimized Chromatographic Conditions

Column : Std ODS 250mm x 4.6
mm, Su.
Mobile phase . water: Acetonitrile
(40:60 )
Flow rate ;1.0 ml/min
Detector : PDA 268nm
Temperature . 30°C
Injection Volume :10pL

.

5

Fig 2: optimized chromatogram

SYSTEM SUITABILITY

A Standard solution of Everolimus working
standard was prepared as per procedure and was
injected five times into the HPLC system. The
system suitability parameters were evaluated from

standard Chromatograms obtained by calculating
the % RSD of retention time, tailing factor,
theoretical plates and peak areas from five
replicate injections are within range and Results
were shown in table 2.

AL
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4 00 500 600 Tm 00
Mnukes

Fig no 3: blank Chromatogram
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Fig no 4: System suitability Chromatogram

Precision: calculated and %RSD was found to be 0.83 and

chromatogram was shown in fig 3 & 4.
Repeatability: Six working sample solutions of

100ppm are injected and the % Amount found was

Everclimus =387+

010~

100 200 300 A0
Mouks

Fig no 5: Repeatability Chromatogram

Intermediate precision: Six working sample found was calculated and %RSD was found to be
solutions of 100ppm are injected on the next day  0.27 and chromatogram was shown in fig 5.
of the preparation of samples and the % Amount

|
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Evarsimus —2.924

AL

.......

fig no 6: Intermediate precision Chromatogram

LINEARITY: about 25ppm to 150ppm of Everolimus . Plot a
To demonstrate the linearity of assay method, graph to concentration versus peak area. Slope
inject 5 standard solutions with concentrations of  obtained was 45698 Y-Intercept was 32527 and
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Correlation Co-efficient was found to be 0.9997
and Linearity plot was shown in Fig 6.
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Fig no:7 Linearity Plot

Accuracy: Three Concentrations of 50%, 100%,
150% are Injected in a triplicate manner and
%Recover was calculated as 100.24%. And %RSD

386+

was found to be 0.69 and chromatograms were
shown in fig no 7.
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LOQ: Quantification limit of the Everolimus in  Mobile phase minus, Mobile phase plus,

this method was found to be 0.149ug/ml.
Robustness: Small Deliberate change in the
method are made like Flow minus, flow plus,

)
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Temperature minus, Temperature Plus. %RSD of
the above conditions are calculated.
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Fig no: 7 LOQ Chromatogram of Everolimus

CONCLUSION

A robust, accurate, precise, and sensitive RP-
HPLC method was successfully developed and
validated for the quantitative determination of
Everolimus in pharmaceutical dosage forms.
Chromatographic separation was achieved using a
Std ODS (250 mm x 4.6 mm) column with a
mobile phase consisting of buffer and acetonitrile
(40:60 v/v), delivered at a flow rate of 1.0 mL/min.
Detection was carried out at 268 nm, with the
column maintained at 30°C. The developed
method exhibited satisfactory system suitability
and complied with all validation requirements.
Excellent linearity was observed over the
concentration range of 25-150%, with a
correlation coefficient (R?) of 0.9997. The method
demonstrated high precision, with %RSD values
of 0.83% for repeatability and 0.27% for
intermediate precision. The low values obtained
for LOD (0.061 pg/mL) and LOQ (0.149 pg/mL)
indicated the high sensitivity of the method for
detecting and quantifying Everolimus. Application
of the validated method to the analysis of a
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marketed formulation showed an assay value of
100.31%, confirming its accuracy and suitability
for routine pharmaceutical analysis. Therefore, the
proposed RP-HPLC method can be effectively
employed for quality control, assay determination,
and routine analytical evaluation of Everolimus in

bulk drug substances and pharmaceutical
formulations.
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