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S U M M A R Y  

Single oral doses of 0 .3  mg, 0.5 mg and 5 m g  Norethindrone (NET) and 0.5 mg and 
5 mg Lynestrenol (lyn) were given t o  five women. Lynestrenol is probably meta- 
bolized through NET and exerts its main biological activity as NET. Plasma concen- 
trations of NET were determined by  a radioimmunoassay at  different intervals after 
administration of  the tablets. Peak concentrations o f  NET were found w i t h n  two 
hours after intake of each tablet. The plasma half life of  NET after NET and lyn 
administration for the period 8-24 h was 8-1 1 h. No significant difference was 
found between the half life of  NET after the NET tablets and after the lyn tablets. 
When 5 mg NET was given the plasma half life of NET for the period 24-72 h was 
around 10 h and this was significantly shorter than the half-life of NET after 5 nig 
lyn, which was 16% h. The systemic availability of the drugs was estimated by cal- 
culating and comparing the areas under the plasma concentration versus time curve 
(AUC). 0-24 h. The AUC 0.24 after 0.3 mg NET was almost identical to  the AUC 
0-24 after 0.5 mg lyn. The AUC 0-24 after 0.5 mg NET was significantly larger 
than after 0.5 mg lyn. No difference was found between the AUC 0-24 after 5 mg 
lyn and 5 mg NET. This study supports the concept of a conversion from lyn to  
NET. It also shows that there were only minor pharrnacokinetic differences between 
the drugs when all samples were measured as NET. 

Norethindrone (NET) is a synthetic gestagen commonly used as a contraceptive alone or 
in combination with oestrogens. It is a derivative of 19-nortestosterone as is lynestrenol 
(lyn). Lyn is widely used throughout Europe in oral contraceptives. Chemically lyn differs 
from NET only in the absence of an 0x0 group at position 3. Lyn is, according t o  several 
investigators, metabolized through NET (i.e. Kayyab et al., 1968a, b ;  Mazaheri et al., 1970) 
and it has been shown that it does not bind t o  the progesterone receptor whereas NET 
binds strongly (Brigs ,  1975). It is thus probable that lyn exerts its main biological effect 
after being metabolized to NET. 
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This study was performed to compare plasma levels of NET after oral administration of 
different single doses of NET and lyn using a radioimmunoassay for determination of NET. 

MATERIAL AND METHODS 

Five healthy, regularly menstruating women, 23-37 years old, participated in the study. 
The tablets used were NET 0 3  mg (Mini Pea, Astra Syntex), NET 0.5 mg (gift from Astra 
Syntex) and NET 5 mg (gift from Astra Syntex) and lynestrenolO.5 mg(Exlutena@, Organon) 
and lynestrenol 5 mg (Orgametila, Erco) taken in this order. All five participants took each 
dose letting one week elapse between every tablet. All tablets were taken before breakfast. 
The tablets were taken independently of the day of the menstrual cycle. 

Blood samples were collected immediately before and 1 , 2 , 4 , 6 , 8 ,  12 ,24 ,36 ,  48 ,60  and 
72 h after each tablet. Blood samples were also collected 84 and 96  h after intake of the 
5 mg tablets. The blood was collected from an antecubital vein into heparinized tubes. The 
samples were centrifuged and the plasma was withdrawn and frozen at -20°C until assayed. 

The plasma levels of NET were determined by a radioimmunoassay according to Nygren 
el al. (1974) with certain modifications (Weiner & Johansson, 1975). As tracer 6-7-jH 
norethndrone (obtained from New England Nuclear Corp) with a specific activity of 40 
Ci/nmole was used. It was diluted to 1.492 ng/ml in absolute ethanol. The solution used in 
the assay contained 99 pg tritiated steroid per 100 p l O . l %  gelatin phosphate buffered saline 
solution (PBS). The antiserum was diluted in 0.1% gelatin PBS solution. A dilution of 
1 : 2500 was found to bind approximately 45% of the 3H-NET. 

ALl points on the standard curve (0.025-5 .O ng/ml) were significantly different (P < 0.00 1). 
The first point of the standard curve (0.025 ng) was significantly different from zero (P < 
0.001, t-test paired data). When assaying different amounts of plasma samples with no NET 
or lyn added values below 0.05 ng/ml were constantly obtained. Therefore 0.05 ng/ml was 
considered the practical detection limit of the method. Extraction volumes varied between 
0.2 and 1.0 ml. No correction was made for procedural losses, neither was the plasma 
blank subtracted . 

No cross reaction for the naturally occurring steroids was found. Lyn showed a cross 
reaction of 13%. 

The accuracy of the method was tested by adding known amounts of NET (0.25, 1 .O and 
5 ng/ml) to a pool of male human plasma. The mean value of the 0.25 ng/ml plasma pool 
was 0.3 ng/ml (SD 0.049, n = 18). The 1 ng/ml plasma pool had a mean value of 0.95 n g / d  
(SD 0.12, n = 20) and the 5 ng/ml pool had a mean of 4.96 ng/ml (SD 0.45, n = 16). 

The within assay precision was estimated from duplicate determination of unknown 
samples run in the same assay and the coefficient of variation (CV) was calculated according 
to Snedecor & Cochran (1967). The CV varied between 13.45% and 10.85% as seen in Table 
1. The between assay precision was estimated from duplicate determinations of unknown 
samples run in different assays. The between assay CV vaned between 14% and 18% as seen 
in Table 2.  

RESULTS 

The plasma levels of NET after an oral single dose of 5 mg and 0.5 mg NET and lyn, respec- 
tively, and of 0.3 mg NET are shown in Figs 1-5. These figures reveal great interindividual 
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Table 1. Within assay precision of the NET radioimmunoassay. 
The coefficient of variation (CV) of duplicate determinations 

of unknown samples run in the same assay 

Range ng/ml 

- 

n 

0.05-1.0 
1.1-2.0 
2.1-5.0 
5 .l-20.0 

11.53 
13.45 
1 1.76 
10.85 

25 
28 
21 
40 

Table 2. Between assay precision of the NET radioimmuno- 
assay. The coefficient of variation (CV) of  duplicate deter- 

minations of unknown samples run in different assays 

Range ng/ml cv % n 

0.05 -1 .O 
1.1 -2.0 
2.1-5.0 
5.1 -20 .O 

18.0 
17.2 
15.7 
14.0 

27 
26 
22 
14 

Hours  
F i g .  1. Plasma levels of norethindrone in five women after a single oral dose of 0.3 mg NET. 
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Hours 

Fig. 2 .  Plasma levels of norethindrone in five women after a single oral dose of 0.5 mg NET. 

differences in all five participants. The mean levels of NET after a single dose administration 
of the different doses are plotted in Fig. 6. 

A good correspondence between the plasma levels of NET was found after equivalent 
doses of NET and lyn. After the 5 mg tablets an initial peak occurred within 2 h. The mean 
value of the peak was 23 ng/ml and there was no significant difference between the prepara- 
tions. With the 0.5 mg tablets the plasma concentrations of NET were significantly higher 
after NET administration than after lyn administration at 1 and 2 h.  The mean peak value 
of NET amounted to 5.5 ng/ml after the 0.5 mg NET tablet and to 2.76 ng/ml after the 

Hours 

Fig. 3. Plasma levels of norethindrone in five women after a single oral dose of 0.5 mg 
lynestrenol. 
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5,mg NET 

Hours 
Fig. 4. Plasma levels of norethindrone in five women after a single oral dose of 5 mg NET 

0.5 mg lyn tablet (P<O.Ol). After the 0.3 m g  NET tablets there was a peak after 1 h 
amounting to  a mean of 4.36 ng/ml. NET was detectable in plasma still 36 h after oral 
administration of the lowdose formulations of NET and lyn. Thereafter the NET concentra- 
tions were very near or below the detection limit of the assay. After 5 mg NET most subjects 
had very low concentrations of NET after 7 2  h whereas NET was still detectable 84 h after 
intake of 5 m g  lyn. 

During the phase of elimination there was a similar declination of the plasma levels during 
the first 36 h. After 48 h there were slightly higher NET concentrations in plasma after lyn 

50 

10 

5 rng Lynestrenol 

0. I 

0.05 

Hours 

Fig. 5 .  Plasma levels of norethindrone in five women after a single oral dose of 5 mg lynestrenol. 
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Hours after oral administration 

Fig. 6. Mean plasma concentrations of NET in five women after oral administration of 5 mg 
and 0.5 mg NET and lyn and 0.3 mg NET. (Mean of Sw). 

Table 3. Area under the NET plasma concentration vs time curve. ng/m1/24 h 
after oral administration of various doses of NET and lyn 

Dose Mean (n  = 5) SD Range 

0.3 mg NET 22.1 10.9 13.2-39.1 
0.5 mg NET 33.5 13.8 18.8-50.2 
0.5 mg lyn 22.0 10.6 10.6-37.3 
5 mg NET 204.5 88.4 118.4-317.9 
5 mglyn 160.6 121.0 68.6-364.9 

Table 4. Plasma half Life of NET 8-24 h after oral administration of  various doses of NET and lyn to five 
subjects 

Subjects 

Dose M L  BB G A  LB K E  mean SD 

0.3 mg NET 8.6 5 .o 6.6 14.4 4.9 7.9 3.9 
0.5 mg NET 10.3 6.9 9.7 7 .O 5.5 7.9 2 .o 
0.5 mg lyn 8.6 8.9 9.4 15.1 11.6 10.7 2.7 
5 mg NET 9.2 8.2 7.4 9.2 4.9 7.7 1.8 
5 mg lyn 9.7 8.9 8.2 8.9 6.6 8.4 1.7 
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administration. However, there were no statistically significant differences between the mean 
plasma levels of NET after the two gestagens at any point. 

The area under the plasma concentration versus time curve (AUC) after different doses 
were calculated for the period 0 to 24 h for each preparation and subject to compare the 
relative availabilities. The mean AUCs 0-24 are shown in Table 3 .  These calculations show 
that the mean AUC 0-24 after 0.5 mg lyn was 66% of the mean AUC 0-24 after 0.5 mg 
NET. This difference was statistically significant (P < 0.01). After the 5 mg doses the mean 
AUC 0-24 for lyn was 79% of  that for NET. This dit'ference was not statistically significant, 

Table 5 .  Plasma half life of NET 24-72 h after oral administration of 5 mg NET or 5 mg lyn to five 
subjects 

Subjects 

Dose M L  BB GA LB KE mean SD 

5 rng NET 10.8 7.6 10.6 6.2 14.4 9.9 3.2 
5 rng lyn 14.4 1 1.6 18.9 17.8 18.9 16.3 3.2 

The plasma half life was also calculated at different intervals by a linear regression analysis 
as seen in Tables 4 and 5. The mean plasma half life during the interval 8-24 h vaned between 
7.9 and 10.7 h. There was a good correspondence between the calculated mean half lives 
of NET after 0.3 mg, 0.5 mg and 5 mg NET-7.9 h, 7.9 h and 7.7 h, respectively. There 
were no significant differences between the plasma half lives of lyn and NET during this 
interval. It is hazardous to draw conclusions about the plasma half life during the interval 
24-72 h after the lower doses (0.3-0.5 mg tablets). The measured values after 36 h were 
close to or below the practical detection limit of the assay. Therefore, only the calculations 
of the plasma half life after the 5 mg tablets are presented for the period 24-72 h (Table 5). 
The mean plasma half life of NET after lyn administration during this interval was 16.3 h 
which is significantly longer than that after NET administration which was 9.9 h (P < 0.05). 

DISCUSSION 

According to  several investigators lyn is metabolized in the same way as NET, conversion 
into NET being the first metabolic step. This conversion was first suggested by Okada et a!. 
(1964). Other investigators have reported great similarities between the metabolites of the 
two compounds suggesting a conversion of lyn to NET and a similar pathway of metabolism 
of the two steroids (Kamyab et al., 1968a; Kamyab et al., 1968b; Littleton et al., 1968). 
Mazaheri et  al. (1970) reported evidence of an in vitro metabolism of lyn to NET. Hiimpel 
et al., using a thin layer chromatography, found that only 10% of the 14C activity extracted 
from plasma from patients who had been given ''C-lynestrenol behaved chromatographically 
like lynestrenol and 80% behaved like NET (Hiimpel et  al., 1977). It has, however, been 
pointed out by Fotherby (1974) that NET may not be an obligatory intermediate in lyn 
metabolism . 

Briggs (1975) showed that lyn only weakly binds to the uterine progesterone receptor 
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site whereas NET binds strongly, t h s  being an indirect evidence of  a conversion of lyn to  
NET before lyn can exert its gestagenic activity. 

After oral administration of lyn and Net in this study the plasma concentrations of NET 
and the time of  elimination were very much alike. This further strengthens the idea of a 
conversion of lyn t o  NET. If the measured values of  NET after lyn administration were due 
only t o  the known crossreaction of  13% with lyn,  they would be expected t o  be much lower 
than after NET administration. 

In this study we found peak plasma concentrations of NET within 2 h after oral admini- 
stration of lyn and NET. The peak levels vaned considerably between individuals as did the 
concentrations at  all times studied. No correlation was found between the logarithmic values 
of the ingested dose per kilo body weight and the peak plasma levels. Such a correlation 
after oral administration of NET was reported by Nygren et al. (1974) for three subjects. 
lnterindividual variations of the plasma concentrations after oral administration of gestagens 
have been reported by other investigators (Weiner et al., 1976; Pasqualini et al., 1977; 
Stanczyk ef al., 1975). This probably reflects differences in drug absorption, distribution 
and metabolism among individuals. 

Both 0.3 mg NET and 0.5 mg lyn are commercially available as low dose gestagen contra- 
ceptives. The relative availability of NET as reflected by the AUC 0-24 was very similar 
for these two preparations. This finding agrees with the clinical experience that they have 
a similar contraceptive efficacy. 

The AUC 0-24 of NET after 0.5 mg NET was significantly larger than the AUC 0-24 of 
NET after 0.5 mg lyn. T h s  seems t o  be due t o  the higher peak level found after 0.5 mg 
NET. There was no difference in AUC 0-24 of NET after the 5 mg doses of NET and lyn. 
This lack of difference is difficult t o  explain but  could be due t o  too  infrequent sampling 
during the first hours and its is possible that a higher peak plasma concentration o f  NET 
after 5 mg NET has been accidentally omitted. 

The plasma half lives found in this study agree quite well with those reported by Warren 
and Fotherby (1974) who found the half life of NET t o  be 5 h during the period 8-24 h 
after oral administration of  1 mg NET. They are also in  agreement with results by Pasqualini 
et al. (1977) who calculated the half life of  NET t o  be 6 %  h .  Previous results from our 
laboratory by Nygren et al. (1974) showed a half life of about 3 h during the first 8-10 
h and during the next t w o  days the half life was calculated to  11% h.  During the period 
24-72 h lyn was found in  our study t o  have a longer half life than NET (9.9-16.3 h ,  res- 
pectively) possibly reflecting a somewhat delayed metabolism of lyn. This difference in half 
life between the two gestagens seems to  have no clinical importance when low doses are 
used, since the NET concentrations in plasma after the lower doses of both lyn and NET 
were very low after 24  h and hardly detectable after 36 h. When higher doses are used the 
longer half life of lyn may give rise t o  an accumulation. After administration of 2.5 mg 
lynestrenol and 50 pg ethnyloestradiol Humpel et al. calculated the half life of radio- 
immunoassayable NET t o  be 3-4 h during the first 12 h and 16.5 h during the period 2 4  t o  
7 2  h (Humpel et al., 1977). These authors also showed that after a single oral dose of  2.5 
mg ''C-lynestrenol together with 50 pg ethinyloestradiol, lynestrenol or its metabolites, 
recognized as plasma radioactivity, was detectable t o  a considerable degree after 1 2 0  h ,  
indicating an accumulation of the drug or its metabolites. 

The plasma half lives of NET and lyn have been calculated by other authors using radio- 
actively labelled NET and lyn. Karnyab et al. (1968a, b) using (4-14C)-lyn and (4-14C)-NET 
compared the compounds and calculated their biological half lives to  be 26.5 and 19 h ,  
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respectively. Even longer half life-60-70 h-was reported by Mills e ta l .  (1976) using 3H-NET. 
Van der Molen et al. (1969), using radioactively labelled lyn, found that the half life of lyn 
and metabolites was about 40 h. 

When radioactively labelled steroids are used the native substance as well as unconjugated 
and conjugated metabolites are determined in the assay. 

This may explain the long half lives reported when such methods have been used. In a 
radioimmunoassay the conjugated metabolites are not measured since they are lost in the 
extraction procedure. In our assay diethyl ether was used for extraction and it is known t o  
extract only unchanged-free and protein bound steroids (Boilert er al., 1973). This explains 
the shorter half lives found when radioimmunoassays have been used. 

In conclusion this study has given further support to  the opinion that lyn is metabolized 
through NET. No significant differences in the half lifes of the two gestagens were found 
when the lowdose formulations were administered. When higher doses were given the late 
half life of NET (eg .  24-72 h) after lyn administration appeared t o  be longer than after 
NET administration. The pharmacokinetic differences found in this study seem only t o  
have clinical importance when high doses of the gestagens are used and hardly in the doses 
used in  contraceptive pills. 
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