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JOURNAL OF L I Q U I D  CHROMATOGRAI’HY, 4 ( 5 ) ,  871-877 (1981) 

ANALYSIS OF NORETHINDROW IN PLASMA BY 
HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY 

J.C.K. Loo and R. Br ien  
Drug Research Laboratories, 

Hea l th  Pro tec t ion  Branch, 
Ottawa, Ontario, Canada, K I A  OL2. 

ABSTRACT 

A sensitive specif ic high-performance l iquid chromatographic pro- 
cedure fo r  the determinat ion o f  norethindrone in  plasma i s  described. 
The organic solvent ex t rac t  f rom plasma is chromatographed on a 
reversed phase colurnn using a high-performance l iquid chromatograph 
f i t t e d  w i t h  an u l t rav io le t  detector (254 nm); quant i tat ion f rom plasma 
samples containing 2 ng /ml  norethindrone is reported. Metabol i tes and 
endogenous substances do no t  in te r fe re  w i t h  the assay. The determina- 
t i on  o f  norethindrone concentrat ions in plasma fol lowing administrat ion 
o f  single o ra l  dose to a mini-piq i s  described. 

INTRODUCTION 

A t  present the analyt ical  procedures for the determinat ion o f  

norethindrone in plasma samples are based on radio- immunological  

principles(1-4). Recently, i t  was reported tha t  some radio-immuno- 

logical  assays lacked speci f ic i ty for the o ra l  contracept ive drug(4). 

This report  describes a high perforrnance liquid chromatographic 

(HPLC) method that is suf f i c ien t ly  sensitive and speci f ic  fo r  the  

determinat ion o f  plasma samples containing 2 ng /ml  norethindrone. 
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MATE HI ALS - 

Norethindrone (Searle Chemica l  Inc., Chicago, 111.) was used for the  

preparation o f  standard solutions. The solvents used f o r  the mob i le  

phase were methanol, H P L C  grade (Fisher Scienti f ic, Montreal, Canada) 

acetonitr i le, H P L C  grade (Fisher Scient i f ic ,  Montreal, Canada) and 

double glass-distilled water. 

tiexane, UV grade (Burdick & Jackson Labs, Muskeqon, Michigan, 

(J.S.A.) and methylene dichloride, H P L C  grade (Fisher Scient i f ic ,  

Montreal, Canada) were used in the ex t rac t ion  procedure in borosi l icate 

glass tubes (16x150 m m )  equipped w i t h  screw caps (Corning Glass Works, 

Corning, N.Y). Norethindrone (h,7 - H) w i t h  a specif ic ac t i v i t y  of 40 

Ci/mrnole (New England Nuclear, Montreal, Canada) was used in the  

ex t rac t ion  study. 

3 

METHODS - 

Chromatographic Procedure 

A high-performance l iquid chromatograph (Waters ASSOC., Mi l fo rd ,  

Mass., U.S.A.) containing a mode l  6000A pump, U 6 K  in jec to r  and mode l  

440 detector a t  254 nrn was used a t  a nominal  at tenuat ion o f  .005 

absorbance units f u l l  scale (AUFS) and fed in to  a 5 rnV  recorder thus 

giving an overal l  response o f  0.0025 AUFS. The column (250 x 4.6 rnm 

I.D. 316 stainless steel) was packed w i t h  5 p m  Li Chrosorb RP-8 

(Brownlee Labs, Santa Clara, Cal i fornia,  [J.S.A.), which i s  oc ty l  silane 

c:ovalently bonded to to t i j l l y  porous, i r reqular ly shaped mic ropar t i cu la te  

si l ica gel. The mobile phase consisting o f  20% methano l  and 30% 
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NORETHINDRONE I N  PLASMA 8 7 3  

acet ron i t r i le  in water  (V /V )  was prepared fresh daily. A f low- ra te  o f  120 

ml/h (3400 P.S.I.) was used. 

Preparat ion o f  Standard Solutions 

Norethindrone, accurately weighed, was dissolved in redist i l led 

ethanol to  a volume o f  5 ml. A n  al iquot o f  th is solut ion was di luted w i t h  

ethanol to  produce a f ina l  solut ion o f  the desired concentrat ion. Spiked 

plasma solutions (2 t o  20 ng/ml)  were prepared by addi t ion o f  various 

volumes o f  standard norethindrone solut ion using a 10- PL syringe 

(Hamilton, Reno, Nevada, U.S.A.). 

General  Procedure 

A 2.0 ml al iquot o f  plasma sample was ex t rac ted  w i t h  5 ml o f  a 

m ix tu re  o f  hexane-methylene chlor ide (50:50). A tef lon- l ined screw cap 

was used to seal the tube which was then shaken fo r  10 min. in an Evapo- 

M i x  constant speed shaker (Buchner, F o r t  Lee, N.J., U.S.A.) and cen- 

t r i fuged (10 min.) a t  2000 R.P.M. ( Internat ional  Model HN-S, Needham 

Heights, Mass.). A 4.0 ml  al iquot of the organic phase was transferred to  

a 5 m l  conical  tube and evaporated under ni t rogen in a constant- 

temperature ( 5 5 O )  bath. The residue was immediately reconst i tuted w i t h  

300 p l  o f  mob i le  phase and stored a t  4 O C  p r io r  to  analysis. A 150 ~1 

al iquot o f  the sample was chromatographed. 

Radioact ive Recovery Exper iment 

(3H)-Norethindrone (113000 D.P.M.) was added to  2.0 ml o f  plasma 

containing f r o m  2 t o  20 ng /ml  o f  norethindrone and was ex t rac ted  using 

the procedure described as above. The organic ex t rac t  was transferred 

i n to  a scint i l lat ion v ia l  and evaporated t o  dryness, Ten m i l l i l i t e rs  o f  
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8 7 4  LOO AND BRIEN 

cock ta i l  (UBS-3 Beckman, Ful lerton, Cal i fornia,  U.S.A.) were added and 

the radioact iv i ty was determined on a Beckman LS 150 scint i l lat ion 

counter equipped w i t h  an automat ic quench cor rec t ion  device. 

RESULTS AND DISCUSSlON 

The reproducibi l i ty  and ef f ic iency o f  the ex t rac t ion  procedure 

were determined using 3H-norethiridrone. Results summarized in Table 

I ,  show that the ex t rac t ion  e f f i c iency  and reproducibi l i ty  are comparable 

a t  plasma concentrat ions ranging between 2 and 20 ng/ml. 

( a )  ( b )  

FIGlJHE 1. H i g h  Performance L iqu id  Chromatograin o f  (a) Human 
Blank Plasma E x t r a c t  and (b) Ex t rac ted  Human Plasma 
Spiked w i t h  Norethindrone ( 5  ng/ml). 

1 - Inject ion, 2 = Norethindrone 
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TABLE I 

8 7 5  

Extraction Recoveries of (6,7 - 'H) norethindrone from Plasma 

~~ 

CONCE N THAT IONS 
ng/m 1 

COEFFICIENT OF 
VARIATION (%) (n=4) RE C 0 VE H Y (Yo) 

- __ - _ _  . _-- - 

2 95.25 2.35 
5 94.15 1.10 

100.35 2.36 20 
- - ._ - 

T h e  chromatogram obtained from the analysis of a spiked sample 

containing 5 ng/ml of norethindrone using the system described above is 

illustrated in Fig. 1b and Fig l a  shows the chromatogram obtained from 

pooled blank plasma from 8 human volunteers. N o  interfering compounds 

were extracted using the described procedure. 

A calibration curve was obtained by plotting the baseline corrected 

peak height versus the concentration of norethindrone in spiked plasma. 

T h e  plot is linear and is forced through the origin ( y  = mx) over t h e  

concentration range of 2 to 20 ng/ml, since linear regression analysis of 

the data indicated that  the intercept was not significantly different from 

zero (P > .05). The slope value is 0.5111 and its upper and lower 95% 

confidence limits are 0.5274 and 0.4958 respectively. The regression 

coefficient of determination ( r2 )  is 0.998. 

Table 2 lists the results obtained from the analysis of a number of 

These data  spiked plasma samples ranging from 2 ng/rnl to 20 ng/ml. 

indicate the accuracy and precision of the method. 

T h e  plasma norethindrone concentrations of a mini-pig following 

oral administration of 40 mg norethindrone dissolved in ethanolic saline 
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876  LOO AND BRIEN 

TABLE 2 

Es t imat ion  o f  Norethindrone (2,5 and 20 ng/mI) in P l a s m a  

Theoret ical(T)  Est imated(E1 E/T"/o Coeff ic ien t  
(ng/mI)  (ng/rnl) of Variation 

(%) (n=4) 

+ 10.90 
+ 6.96 
+ 3.88 

2.179 2.285 104.8% - 

20.179 19.60 97.2% - 
- 5.179 5.37 1[)3.7% 

___ _______- 

are summarized in Table  3. Blood w a s  co l lec ted  in heparinized 10 ml 

Vacutainers  (Becton-Dickinson, Toronto,  Canada)  arid t h e  plasma,  

separa ted  by cent r i fuga t ion ,  w a s  t ransfer red  to  a 10 m l  glass t u b e  and 

s tored  a t  - 2 O O C  prior  to  use. 

The plasma drug concent ra t ion  car1 b e  readily d e t e c t e d .  Nygren 

- al. (1) have repor ted  t h a t  following oral  ingestion o f  3 mg o f  norethin-  

drone to  a female  volunteer ,  t h e  plasma drug concent ra t ion ,  assessed by 

TABLE 3 

Plasrna Norethindrone Concent ra t ions  in a Mini Pig 
Following Oral  Adrninistration o f  40 m g  Dose in Ethanol  Saline Solution 

NORETHINDRONE 
TIME (h) (ng/ml)  

0.08 
0.25 
0.50 
0.75 
1.00 
2.00 
3.00 
4.00 

5.2 
36 .O 
47 .O 
63 .O 

124 .O 
70 .O 
70.0 
41.2 
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NORETHINDRONE IN PLASMA 877 

RIA, was in the range 2-30 ng/ml. Thus, the H P L C  method described is 

sensit ive enough for the determinat ion o f  norethindrone in plasma 

fol lowing single dose (3 mg) administered t o  humans. 

The major metaboli tes, 3,5-tetrahydro norethindrone and 5-dihydro 

norethindrone isomers, do no t  possess a strong chromophore w i t h  absorp- 

t i on  a t  254 nm and thus do n o t  in te r fe re  w i t h  the assay. Redolla-Tovar 

- -  e t  al. ( 4 )  reported tha t  bo th  metabol i tes in te r fe red  signi f icant ly w i t h  

radio-immunological assays and thus the new method is more  specif ic 

than the reported RIA assays. 

1. 

2. 

3 .  

4. 
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