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DETERMINATION OF ETHYNYLESTRADIOL AND NORETHINDRONE 
I N  SYNTHETIC INTESTINAL FLUID AND IN 

TIMED-RELEASE ORAL FORMULATIONS 

i 

N o l l i e  F. Swynnerton and Joseph B. F ischer  
Southwest Research I n s t i t u t e  

San Antonio, Texas 78284 
6220 Culebra Road 

ABSTRACT 

High performance l i q u i d  chromatographic methods a re  descr ibed 
fo r  t he  r a p i d  assay o f  the  a n t i f e r t i l i t y  s t e r o i d s  e t h y n y l e s t r a d i o l  
and norethindrone i n  sustained-release o r a l  fo rmula t ions .  A 
novel method i s  repor ted  f o r  i s o l a t i o n  o f  these hormones from 
the  s y n t h e t i c  i n t e s t i n a l  f l u i d  used f o r  i n - v i t r o  re lease r a t e  
s tud ies .  

INTRODUCTION 
The inco rpo ra t i on  o f  present ly-marketed cont racept ive  

prepara t ions  i n t o  o r a l l y  a c t i v e  sustained-release fo rmula t ions  
holds the promise o f  min imiz ing  d a i l y  oeaks o f  the drug and 
reducing body burden wh i l e  ma in ta in ing  cont racept ive  e f f i c a c y .  
I n  the  development o f  such fo rmula t ions ,  i n - v i t r o  re;ease ril’.? 

procedures (1) u t i l i z i n g  syn the t i c  i n t e s t i n a l  f l u i d s  ( 2 )  a l l o w  
comparison o f  experimental capsules p r i o r  t o  pharmacokinetic 
s tud ies  . 

(ma in ly  e thyny les t rad io l ,  EE) has been c a r r i e d  o u t  us ing  a 
v a r i e t y  of methods, i n c l u d i n g  radiochemical  GLC ( 3 )  and hign- 
performance l i q u i d  chromatography (4,5). Bagon and Hamond ( 4 )  

separated EE from o ther  s te ro ids  i n  cont racept ive  t a b l e t s  

The q u a n t i t a t i v e  de terminat ion  o f  a n t i  f e r t i l i t y  j t e r c i d s .  
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1196 SWYNNERTON AND FISCHER 

using a reverse-phase system and UV de tec t i on  a t  ca. 212 nm. 
Roos ( 5 )  measured estrogens i n  pharmaceutical t a b l e t  and i n -  

j e c t a b l e  dosage forms by HPLC separa t ion  o f  t h e i r  dansyl 

de r i va t i ves  and f luorescence de tec t i on .  The l a t t e r  method uses 

a s i l i c a  ge l  column. 

The present study was conducted t o  develop a n a l y t i c a l  

procedures f o r  the  r a p i d  and p rec i se  q u a n t i t a t i o n  o f  EE and 
norethindrone (NET) i n  microsphere form and i n  " s y n t h e t i c  

i n t e s t i n a l  f l  u id .  

MATERIALS 

A Waters Associates Model 244 l i q u i d  chromatograph equipped 

w i t h  a Waters U6K i n j e c t o r  and a Waters Model 440 UV de tec to r  

was used f o r  the  development work. 

and 280 nm ( E E ) .  
Model 330 l i q u i d  chromatograph f i t t e d  w i t h  a Rheodyne 7105 
i n j e c t o r  acd an A l t e x  UV de tec to r .  

Detec t ion  was a t  254 nm ( Y E - ;  

Rout ine analyses are  now done on an A l t e x  

Columns used were: 

(1) 

(2)  -Po ras i l ,  30 cm x 4.6 mm 1.0. .  Nacers Associates, 

( 3 )  P a r t i s i l  PXS 10/25, 25 cm x 4.6 mm I.D., Whatman, I n c . ,  

( 4 )  Ultrasphere-Si  ( 5  dm), 15 cm x 4.6 mm I . D . ,  4 l t e <  

Organic so lvents  were purchased f r o m  B u r u i c t  a d  

Muskegon, M I  (D is t i l l ed - In -G lass  grade).  Nater was p u r l f i e ?  

w i t h  a M i l l i p o r e  MILLI-QTM Water P u r i f i c a t i o n  System. 
o f  the mobi le phases was done under water a s p i r a t i o n  us ing  

u l t r a s o n i c  agi  t a t i  on. 

were purchased from Waters Associates. 

13.6 g monobasic sodium phosphate and 76 mL 1N sodium hydroxide 

i n  deionized water and d i l u t i n g  t o  2 l i t e r s .  

,Bondapak C18, 30 cm x 4.6 mm I . D . ,  !daters Assoc13t t . rS .  

M i l f o r d ,  MA. 

M i l f o r d ,  MA. 

C l i f t o n ,  NJ. 

S c i e n t i f i c  Inc . ,  Berkeley, CA. 

Degassing 

TM Cartr idges f i l l e d  w i t h  C18 reverse-phase packing (SEP-PAK 

"Synthe t ic  i n t e s t i n a l  f l u i d "  was prepared by d i s s o l v i n g  

) 

The pH o f  t he  
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ETEIYNPLESTMDIOL AND NORETHINDRONE 1197 

r e s u l t i n g  s o l u t i o n  was ad jus ted  t o  7.5 2 0.1 w i t h  1N sodium 

hydroxide when necessary ( 2 ) .  

METHODS 
In-Vi  t r o  Re1 ease 

Nat iona l  Formulary XI11 , e n t i t l e d  "Release Tablets and Capsules -- 
I n - V i t r o  Test Procedure," with minor mod i f i ca t i ons  (1). 

o f  microspheres (each equ iva len t  t o  = 100 ug s t e r o i d )  were weighed 
i n t o  glass b o t t l e s ,  and 60 mL s y n t h e t i c  i n t e s t i n a l  f l u i d  was 
added t o  each b o t t l e .  The capped vessels were then r o t a t e d  i n  a 

37°C bath.  A t  t imed i n t e r v a l s ,  samples were removed, the  micro- 
spheres separated from the  s o l u t i o n  us ing  a f i n e  mesh s t a i n l e s s  
s t e e l  screen and the  s o l u t i o n  f i l t e r e d  under reduced pressure 
through a 0.45 um M i l l i p o r e  Type HA f i l t e r .  The microspheres 

were r i n s e d  w i t h  water and d r i e d  i n  a i r  a t  50% r e l a t i v e  humid i ty .  

Sample Prepara t ion  
Microspheres were assayed f o r  res idua l  s t e r o i d  by d i s s o l v i n g  

weighed samples (= 50 mg) i n  1.0 mL ch lo ro fo rm and i n j e c t i n g  29-.L 

a l i q u o t s  onto the  HPLC column. 

Syn the t i c  i n t e s t i n a l  f l u i d  was analyzed f o r  re leased s t e r o i d  
using the  f o l l o w i n g  procedure. A 50.0-mL a l i q u o t  o f  the  f i l t e r e d  

f l u i d  was t r a n s f e r r e d  by p i p e t t e  t o  a 59-cc syr inae body which had 

been f i t t e d  w i t h  a C18 SEP-PAK 
as shown i n  F igure  1. 
using argon a t  6 p s i .  

top o f  the sy r inge  an i nve r ted  57 rubber stopper con ta in ing  the  
argon l i n e .  Flow r a t e  was he ld  a t  approximately 20 mL/min. The 

aqueous e f f l u e n t  was discarded. The s t e r o i d  was then e l u t e d  from 
the  c a r t r i d g e  i n t o  a 10-mL v i a l  w i t h  3 mL o f  te t rahydro furan .  
This s o l u t i o n  was taken t o  dryness a t  55°C under a stream o f  
argon, and the res idue was taken up i n  1.0 mL o f  chloroform. 

A l i quo ts  o f  t h i s  s o l u t i o n  were i n j e c t e d  on to  the HPLC column. 

The method employed was based on t h a t  repor ted  by the  

For each microsphere fo rmu la t i on  t o  be tested, f i v e  samples 

TM c a r t r i d g e  and clamped u p r i g h t  

The f l u i d  was fo rced through t h e  c a r t r i d g e  
This was accomplished by ho ld ing  t o  the  
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1198 SWYNNERTON AND FXSCXEX 

=7 RUBBER 
STOPPER 

- 50 cc SYRINGE 

FIGURE 1. EXTRACTION APPARATUS 

HPLC Analysis 

a f i x e d  2O-liL loop onto a column con ta in ing  f u l l y  pcrous m c v -  
p a r t i c u l a t e  s i l i c a  gel  (See Discussion).  A mobi le phase o f  6 ; -  

absolute ethanol  i n  heptane and a f l ow  r a t e  o f  1.5  mL/min e l u t e d  

a l l  ma te r ia l s  i n  less than 10 min w i t h  any of the  columns tes ted  
( rep resen ta t i ve  chromatograms a re  shown i n  F igu re  2 ) .  Detec t ion  
was by UV a t  254 nm (NET) o r  280 nrn ( E E ) .  
the peak he igh t  vs concent ra t ion  data obtained f r o m  i n j e c t i o n s  
o f  standard so lu t i ons  prov ided a response fac to r  (s lope)  frJr the 
q u a n t i t a t i o n  o f  the s te ro id -con ta in ing  samples. 
t y p i c a l  c a l i b r a t i o n  curves. 

Chloroform so lu t i ons  con ta in ing  EE o r  !!ET :/ere i n j e c t e c  F p ?  

A l i n e a r  regress ion  ?f 

F igure  3 shows 

RESULTS AND DISCUSSION 

Ear l y  i n  the  i n - v i t r o  re lease r a t e  s tud ies ,  EE and NET were 
i s o l a t e d  from the  s y n t h e t i c  i n t e s t i n a l  f l u i d  by e x t r a c t i o n  w i t h  
dichloromethane. Removal was shown t o  be q u a n t i t a t i v e .  A f t e r  
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FIGURE 2. REPRESENTATIVE CHROMATOGRAMS OF 
ETHYNYLESTRADIOL AND NORETHINDRONE 

the so l ven t  was evaporated, the  resiidue was taken up i n  1-propanol 
and analyzed' by HPLC using reverse-phase techniques (Column 1, 
Mate r ia l s  Sec t ion) .  I n  o rder  t o  moye e f f i c i e n t l y  process the  
l a r g e  number o f  samples generated i n  t h i s  study, severa l  m o d i f i -  

ca t ions  t o  the  e a r l y  procedures were made. It was found t h a t  

EE and NET could be q u a n t i t a t i v e l y  removed from the s y n t h e t i c  
i n t e s t i n a l  f l u i d  by passing t h e  f l u i d  through a SEP-PAK TM , a 
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10 20 30 40 50 60 70 80 30 'K " > '::A 

CONCENTRATION tpq mL'  

FIGURE 3. CALIBRATION CURVES FOR ETHYNYLESTRADIOL AhD ' .0RET4~' .090 ' .E 

c a r t r i d g e  conta in ing  CI8 reverse-phase m a t e r i a l .  
device used f o r  t h i s  s tep  i s  shown i n  F igure  1. 
placed i n  the  syr inge body and fo rced through the  c a r t r i d g e  
w i t h  an i n e r t  gas a t  a pressure o f  6 p s i .  This gave a f l o w  r a t e  
o f  = 20 mL/min. 
This device prevents the  loss o f  ma te r ia l  associated w i t h  the  use 
o f  a plunger.  I n  add i t i on ,  res idua l  aqueous s o l u t i o n  may be 

A simole 
The f l u i d  was 

A t  h igher  f lows, removal o f  s t e r o i d  was incomplete.  
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"blown-out," thereby reducing the  amount o f  water which must be 
evaporated when the  s t e r o i d  i s  i so la ted .  

Although a reverse-phase column (Column 1, Mate r ia l s  Sect ion) 

could be used f o r  the  determinat ion o f  EE and NET, a normal phase 
system was chosen f o r  the  f o l l o w i n g  reasons. F i r s t ,  several  o f  
t he  formulat ions contained an u n i d e n t i f i e d  exc ip ien t  which had an 
absorbance a t  254 nm and co-eluted w i t h  NET under a l l  reverse- 

phase condi t ions studied. This i n te r fe rence  was separated from 

NET by s i l i c a  gel columns. Second, the  f a t t y  matr ices of t he  
microspheres a re  n o t  so lub le  i n  solvents compatible w i t h  aqueous 
mobi le phases bu t  a re  completely so lub le  i n  the  ch lo r i na ted  
solvents compatible w i t h  normal-phase systems. Therefore, t he  
microsphere formulat ions may be assayed by s imply i n j e c t i n g  t h e i r  
so lu t i ons  i n  chloroform d i r e c t l y  onto a s i l i c a  gel  column. This 
permits an easy accountabi 1 i ty  determi na t i on  f o r  each re lease 

r a t e  study, s ince  the  recovered microspheres may be q u i c k l y  
analyzed f o r  remaining estrogen. Figures 4 and 5 show ac tua l  
re lease ra tes  f o r  two experimental fo rmula t ions .  The account- 
a b i l i t y  i s  merely the  sum o f  t h e  two curves a t  any t ime t. 

prepacked from th ree  supp l ie rs  and gave e s s e n t i a l l y  equ iva len t  
r e s u l t s .  The sho r tes t  column, 15 cm x 4.6 mn I . D .  (Column 4 )  
con ta in ing  5-um spher ica l  s i l i c a  gel ,  gave the sharpest peaks. 
This gave an increase i n  "apparent s e n s i t i v i t y "  which may be o f  

some value when very low concentrat ions are  being measured. 

Normal phase columns (See Mater ia ls  Sect ion) were obtained 
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