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ABSTRACT

A combination of second order derivative spectrophotometric method and
absorbance correction method has been proposed for simultaneous spec-
trophotometric estimation of Norethindrone Acetate and Ethinyl Estra-
diol. Amplitude of second order derivative at 266.8 nm was used for
quantitation of Norethindrone Acetate and Ethinyl Estradiol was estimated
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by absorbance correction method after correcting the absorbance for
Norethindrone Acetate at 280 nm. The content of Ethinyl Estradiol and
Norethindrone Acetate were found about 105.77% and 101.56% in tablet
mixture respectively. The method has been validated in accordance with
ICH guidelines and the results for all parameters were found to be within
the acceptancecriteria. © 2016 Trade Sciencelnc. - INDIA

INTRODUCTION

About 100 million women worldwide use the
combined ora contraceptive pills (COCPs) as the
birth-control pills that include a combination of an
estrogen(estradiol) and a progestogen (progestin).
Progestogen inhibits sperm penetration through the
cervix into the upper genital tract (uterus and fallo-
pian tubes)by decreasing the water content and in-
creasing the viscosity of the cervical mucus. Estro-
gen negative feedback on the anterior pituitary
greatlydecreasesthe secretion of FSH, which inhib-
itsfollicular development and al sostabilizesthe en-
dometrium and thereby reduces the incidence of
breakthrough bleeding. The combined effect prevents
amid-cycle LH surge and inhibitsfollicular devel-
opment and thereby prevents ovulation. Norethin-

drone Acetate (NEA) is a synthetic derivative of
progestogen whereas Ethinyl Estardiol (EE) isasyn-
thetic derivative of estrogen* 234,

NEA chemically is 17-Hydroxyl-19-nor-17a-
pregn-4-en-20-yn-3-one acetate and works by de-
creasing the pulsefregquency of gonadotropin-releas-
ing hormone (GnRH).Chemically EE is19-Nor-17a-
pregna-1, 3, 5(10)-trien-20-yne-3, 17-diol which
decreases the secretion of FSH. Both analytes are
white colour powder and freely soluble in metha-
nol(> 8,

Tablet formulationslike Femhrt (2.5 ug:0.5 mg),
Jintel (5 pg:1 mg), Activella (1 mg: 0.5 mg),
Estrostep (20 pg:1 mg) and Junel (30 pg:1.5 mg)
containing EE and NEA areavailablein US market
and prescribed as COCPdg.

Literature review reveaed that there are many
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Figure 1 : Sructure of norethindrone acetate (NEA)
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Figure 2 : Sructure of ethinyl estradiol (EE)
spectrophotometric and chromatographic methods
available for estimation of NEA and EE individu-
ally and in combination with other drugs®*®. So far
there are no chromatographic methods have been
reported for simultaneous estimation of NEA and
EE in combination. Hencethe objective of the present
analytical research work isto propose afaster ana-
Iytical method for simultaneous estimation of NEA

and EE in fixed dose combination.

MATERIALSAND METHODS

| nstrument

A Shimadzu UV-Visible double beam spectro-
photometer model 1700 (Japan) with 1 cm matched
guartz cellsconnected to a PC computer running UV-
Probe processor software for absorbance measure-
ments and treatment of data was used along with
Acculab digital balance for weighing. Mark ultra
sonicator was used for dissolving standard as well
as samplein solvent.

Chemicalsand reagents

Norethindrone Acetate and Ethinyl Estradiol
were obtained intheform of gift samplesfrom Cipla
Ltd Mumbai. Norethindrone Acetate Tablets

——>  FUll Paper

(Regestrone, 5 mg, Sandoz aNovaritscompany) and
Ethinyl Estradiol Tablets (Lynoral, 0.1 mg, Organon
(Indi@) private Ltd) were procured from local phar-
macy. Methanol (UV grade, Finar) was used as a
solvent throughout the work.

Preparation of standard norethindrone acetate
solution

Accurately weighed 10 mg of NEA was trans-
ferred into a clean and dry 10 mL volumetric flask
and dissolved in few mL of methanol. The volume
was made up to 10 mL with methanol to get concen-
tration 1000 pg/mL. The stock solution was further
diluted to get a concentration 500, 400, 300, 200
and 100 pg/mL.

Prepar ation of standard ethinyl estradiol solution

Accurately weighed 10 mg of EE wastransferred
into aclean and dry 10 mL volumetric flask and dis-
solvedinfew mL of methanol. Thevolumewas made
up to 10 mL with methanol to get concentration 1000
ug/mL. The stock solution was further diluted to get
aconcentration 10, 20, 30, 40, 50, 60, 70, 80 and 90

pg/mL.
Analysisof marketed formulations

Four tablets of NEA (Regestrone, 5mg) and EE
(Lynarol 0.1mg) weretransferred into 100 mL volu-
metric flask; about 50 mL of methanol was added
and sonicated for 20 minutes. Thevolumewas made
up to the mark with methanol and filtered through
whatmann filter paper (no 41). First few mL of the
filtrate was discarded and rest of the filtrate was
used for the analysis. The concentration of the ob-
tained filtrate was 200:4 ng/mL of NEA and EE re-
spectively. The filtrate was scanned in the range of
200-400 nm at fast peed against methanol asablank.
The absorbance (A) was measured at 280 nm. The
spectrum was converted to second order derivative
with A\ 2 nm and the amplitude (D?) was measured
at 266.8 nm. The content of NEA and EE were cal-

TABLE 1 : Results of marketed formulation

% Content

Analyte % Mean Assay % RSD
[ [l v \Y Vi
EE 107.83 106.81 102.48 107.66 107.11 102.72 105.77 2.347
NEA 105.12 105.68 100.97 100.48 103.65 103.45 103.22 2.053
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TABLE 2 : Results of recovery studies
NEA (n=3) EE (n=3)
Analyte CONC * (gm/100 %M ean CONC * (gm/100 % %M ean
% Assay
mL) Recovery mL) Assay Recovery
Assay 0.01027 101.42 - 0.000212 106.09 -
50% Add" 0.01458 153.92 105.05 0.000324 161.03 109.88
0,
j’fg d/r? 0.02027 202.71 101.31 0.000443 221.14 115.05
0,
fg d/r? 0.02434 243.36 99.614 0.000557 278.68 115.06
Mean 101.99% 113.33%

*Mean results of three observations.

TABLE 3 : Results for precision

Parameters Norethindrone Acetate Ethinyl Estradiol
Intra-day (%RSD) 1.724 1.1913
Inter-day (%RSD) 2.886 1.831

- t-test F-test t-test F-test
Reproducibility
1.37 2.100 0.106 11

Tabulated values for t-1.533 and F-9.00 at degree of freedom 2, 2 (P=0.10)

culated using following equations and the results
obtained are reported in TABLE 1.
(D*at 266. 8 nm — Intercept) x DF x 100

% NEA =
7 Slopeofregressionequation x labelclaim

[Aat280 nm — (A}%, of NEA at 280 nm x conc of NEA)] x DF x 100
All?fm of EE at 280 nm X labelclaim

Method validation

The proposed methods of analysisfor NEA and
EE in combination were validated as per the rec-
ommendations of ICH guidelines (Q2R1)for the pa-
rameters like accuracy, linearity, precision, detec-
tion limit and quantitation limit. 1©

% EE =

Accuracy

To study the accuracy of the proposed method,
recovery studies were carried out by standard addi-
tion method at three different levels (50%, 100%
and 150%). A known amount of NEA and EE were
added separately to pre-analyzed tablet solution
(100:2 pg/mL), analyzed and percent recoveries were
calculated. Theresults are presented in TABLE 2.

Precision

Precision of the proposed method was deter-
mined by measuring the absorbance of sample solu-
tion prepared as mentioned under assay of marketed
formulation containing 250:5ug/ml of NEA and EE

respectively at three different timeintervalson same
day (intra-day) and on three consecutive days (in-
ter-day). Reproducibility was determined by apply-
ing statistical analysis (t-test and F-test) to the re-
sults obtained by different analyststo verify signifi-
cant variationin precision and accuracy. Theresults
for precision studies are presented in TABLE 3.
Linearity

The linearity of developed method was evalu-
ated by analyzing series of the standard sol utions of
concentrations 100-500 pg/ml for NEA and 10-90
pg/ml for EE at selected wavelengths (n=6). The
calibration curves were obtained by plotting mean
amplitude (D?) at 266.8 nm vs concentration and
mean absorbance at 280 nm vs concentration and
are shown in Figure 3, 4 and 5. The concentration
range for the linearity has been determined on the
basis of correlation of coefficient (R€°0.997).

Limit of detection and limit of quantification

The limits of detection (LOD) and quantifica-
tion (LOQ) were established by evaluating the mini-
mum level at which an analyte could be readily de-
tected and quantified with accuracy, respectively.
LOD and LOQ were calculated using standard de-
viation of the intercept from the cali-bration curve
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Figure 3 : The calibration curve of second order derivative of NEA at 266.8 hm vs concentration
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Figure 4 : The calibration curve of absorbance of NEA at 280 nm vs concentration
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Figure 5: The calibration curve of absorbance of EE at 280 nm vs concentration

(o) and the mean slope of curve (S). The equations
used were LOD = 3.3 x 6/Sand LOQ = 10 x o/S.

RESULTSAND DISCUSSION

The objective of the analytical research work is
to devel op and validate spectrophotometric method
for smultaneousestimation of Ethinyl Estradiol (EE)
and Norethindrone Acetate (NEA) in tablet formu-

lation.

Considering the common solubility of EE and
NEA, methanol was selected as a solvent for spec-
trophotometric analysis. The standard solutions of
EE and NEA were scanned in theregion of 200-400
nm at fast speed against methanol as a blank. The
overlain spectraof standard EE and NEA as shown
infigure 6 indicate that EE absorbs in the region of
250-300 nm with absorbance maximaat 280 nm and
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NEA absorbs in the region of 200-280 nm with ab-
sorbance maximaat 240 nm.

The minor dose of EE with respect to NEA in
COCPs (1:200, 1:500, 1:1000 etc) and equivaent
molar absorptivity of Ethinyl Estradiol (¢ =1902.5
at 280 nm) and NorethindroneA cetate (¢ =2213.3 at
280 nm) could bethereasonsfor failure of ssimulta-
neous estimation of Ethinyl Estradiol and Norethin-
drone Acetate by simultaneous estimation method,
absorption ratio method and derivative spectropho-
tometry. Hence a combination of second order de-
rivative spectrophotometry and absorbance correc-
tion method has been attempted.

The zero order spectra of Ethinyl Estradiol and
Norethindrone Acetate were converted to first and
second order derivative with AL 2 nm and scaling
factor 1. As shown in figure 7 NEA was exhibiting
prominent amplitude whereas EE showed zero am-
plitude in second order derivative spectra at 266.8
nm. Hence NEA was estimated using regression
equation obtained from calibration curve of ampli-
tude (D?) at 266.8 nm vs concentration. The deter-
mination of EE using first or second order deriva-

3278

tive was found difficult because of its minute dose
with respect to NEA in COCPs. Hence EE was esti-
mated using standard absorptivity value and cor-
rected absorbance at its absorbance maxima (280
nm). The specific absorbance (41% ) was caculated
for EE and NEA at 280 nm and was found to be
64.188 and 6.501respectively.

As the tablet formulations containing EE and
NEA are not availablein India, the method was ap-
plied for the standard mixture, standard mixturein
commonly used excipient solution and sample pre-
pared by mixing marketed tablets of EE and NEA in
similar proportion. The content of EE and NEA in
tablet mixture were determined using the equations
mentioned under Analysis of Marketed formulations
and found in the range of 107.83-102.72 % and
105.12- 103.65 % respectively. The results for as-
say were found complying with pharmacopeial
specification of individual tablets.

The devel oped method was validated in accor-
dance with ICH guidelines for accuracy, precision,
linearity, range, LOD and LOQ.

Accuracy was performed by standard addition
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Figure 6 : The zero order overlain UV spectraof EE (50-90 ng/mL) and NEA (10-60 pg/mL)
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Figure 7 : The second order overlain UV spectra of EE (4-40 pg/mL) and NEA (100-500 pg/mL)

method and mean recovery was found 101.99% for
NEA and 113.33% for EE. Precision of the method
was studied by performing interday, intraday and
reproducibility studies. The % RSD of EE wasfound
less than 2 for inter and intra-day studies while %
RSD for Inter-day studies of NEA was found more
than 2. Thisindicatesthat NEA solution in methanol
is not stable for more than 24 hrs. Reproducibility
was determined by applying t-test and F-test for the
results obtained from two different analysts. No sig-
nificant difference observed between precision and
results of the assay of two different analyst as cal-
culated t and F values were found less than tabu-
lated values at degree of freedom 2, 2 (P=0.10).
Linearity and range were obtained by plotting
amplitude (D?) at 266.8 nm vs concentration for NEA
and by plotting absorbance at 280 nm vs concentra-
tionfor NEA and EE. NEA wasfound to belinear in
the concentration range of 100-500 pg/mL with co-
efficient of correlation 0.9895 and 0.998 at 266.8
nm and 280 nm respectively. Linearity for EE was
found to be in the concentration range of 10-90 ug/

mL with coefficient of correlation 0.9962 at 280 nm.
LOD and LOQ were found to be 0.7013 and 3.830,
2.133 and 11.606 pg/mL for EE and NEA respec-
tively.

A combination of second order derivative UV-
Visible spectrophotometric method and absorbance
correction method is rapid analytical technique for
simultaneous estimation of Ethinyl Estradiol and
Norethindrone Acetate and can be used for in pro-
cess quality control tests. However the estimation
of EE by absorption correction method i s dependent
on estimation of NEA. Hence extra precautions
should betaken for extraction and analysisof NEA.

CONCLUSION

A combination of second order derivative UV-
Visible spectrophotometric method and absorbance
correction method was devel oped and validated for
simultaneous estimation of Ethinyl Estradiol and
Norethindrone Acetate and can be used for routine
analysis of the standard mixture and formulation.
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