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A. 6 S T R A C T 

The  l ipopro te in  and carbohydra te  metabolism was s tud ied  during contra- 

cept ive t reatment w i th  levonorgestrel,  released a t  a low ra te  (70 u g / d a y )  f rom 

subcutaneous capsules, in f i v e  women who were t rea ted  fo r  180-403 days. The 

serum cholesterol concentrat ion decreased s l i gh t l y  but s ign i f i can t ly  during 

treatment. T h i s  was a t t r ibu tab le  to  a tendency to  a reduc t ion  o f  cholesterol in 

high-densi ty l ipoproteins. The treatment did no t  af fect  the  l ipoprotein lipase 

ac t i v i t y  in adipose t issue. The  el imination rates o f  intravenously in jected fa t  

and glucose were unchanged, as were the  serum insu l in  concentrat ions. 

Thus ,  in t h i s  pi lot  s tudy  the  concentrat ion and  composition o f  t he  serum 

l ipoproteins a l te red  t o  on ly  a minor ex ten t  during treatment w i th  levonorgestrel  

in a dose o f  70 u g l d a y .  

I NTRODUCT I ON 

T h e  use o f  subcutaneous capsules o f  a si last ic polymer, containing contra- 

cept ive steroids, has been invest igated in contracept ion research ( 5 ) .  These 

devices have cer ta in  advantages ove r  contracept ive pi l ls .  T h u s  the  ef fect ive 

amount o f  hormone is  considerably lower than the  amount tha t  has to  be  g i ven  

in a pill. A steady plasma concentrat ion o f  t he  hormone can be achieved. The  

high peaks fol lowing oral  administrat ion and the  f i r s t  passage th rough  the  l i ve r  

can b e  avoided. Subjective side ef fects a re  less f requent.  T h i s  repo r t  deals 

w i th  the  e f fec ts  o n  the  l ipoprotein and  carbohydra te  metabolism studied in f i ve  

fe r t i l e  women who were t rea ted  w i th  levonorgestrel  released a t  a mean ra te  o f  

about 70 u g / d a y  from subcutaneous capsules. Detai ls o f  t he  s tudy  and the  

ef fects on  the  ovar ian s te ro id  pa t te rn  have been descr ibed ear l ie r  ( 1 6 ) .  
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1 ’ /. T E R I A L S A P J  D h’b E T H 0 D S 

Experimental _ _  p rocedure  

Five heal thy women o f  normal body weight and  w i th  a mean age o f  27 yeers 

( range 22-32) volunteered fo r  t he  s tudy .  Ster i l ized ( b y  i r rad ia t ion)  si last ic 

capsules containing levonorgestrel  were inser ted  in the  subcutaneous t issue in 

the  gluteal  region one week a f te r  the  s t a r t  o f  menstruation. T h e  capsules were 

removed a f te r  v a r y i n g  in te rva ls  and the  amount o f  levonorgestrel  remaining in 

the  capsules was determined. The release o f  levonorgestrel  was calculated to 

have var ied  f rom 39 t o  100 u g l d a y .  

The  carbohydra te  and  l ipoprotein metabolism was studied one week before 

the  insert ion o f  t he  capsules ( i .e. a t  the  s t a r t  o f  n>enstruation), one week 

a f te r  t h i s  inser t ion  and  then a f te r  one, two and  four  months o f  treatment. 

The  tests were repeated two to  e igh t  weeks a f te r  removal of  t h e  capsules. 

Methods 

Very-low-density l ipoproteins (VLDL)  in serum were isolated in the  top  

f rac t ion  a f te r  p repara t ive  u l t racent r i fugat ion  a t  a dens i ty  o f  1 .006 in a 

Beckman L2-65B u l t racent r i fuge,  us ing  a 40.3 ro to r  ( 6 ) .  Low-density l ipo- 

p ro te ins  (LDL)  were prec ip i ta ted  from the  bottom f rac t ion  by a hepar in  and 

manganese-chloride solut ion (2 )  a f te r  t he  u l t racent r i fuaat ion  step and  high- 

densi ty l ipoproteins (HDL)  were isolated in the  supernatant a f te r  precipi tat ion.  

The  concentrat ions o f  t r ig lycer ides  and  cholesterol were determined in whole 

serum, in VLDL and  HDL and  in the  bottom fract ion.  The lipid concentrat ions 

in LDL  were calculated as the  di f ferences between the concentrat ions in the  

bottom f rac t ion  and those in HDL. A Technicon Auto-Analyzer I I  was used fo r  

the  determination of t r ig lycer ides  and  cholesterol (14). The  accuracy and 

precis ion of t he  lipid determinations were checked by the  Laboratory f o r  

Disease Control ,  At lanta,  Georgia, USA. 

T h e  concentrat ioEs o f  apol ipoproteins (apo) B and A-I were determined in 

frozen serum samples o n  a later occasion. Rocket immuno-electrophoresis 

according to  the  method o f  Laurel1 ( l l ) ,  modif ied essential ly as descr ibed by 

C u r r y  (4 ) .  was used. The  detai ls o f  the  procedure  have been presented else- 

where  (17). 

Specimens o f  abdominal adipose t issue were taken by means o f  a needle- 

b iopsy  technique (7).  One por t ion  o f  adipose t issue was used fo r  determining 

Cell size (1  5 )  and one f o r  determining l ipoprotein-l ipase ac t i v i t y  (1 2 ) .  A n  

intravenous ( i .v.1 fat tolerance test  was performed by the  method o f  Carlson 

and Rossrer  (3),  and  ar: i.v. glucose tolerance tes t  as descr ibed by lkkos  and 

Luft (8). Serum insu l i n  concentrat ions were determined by a radioimmunoassay 

technique (Phadebas, Pharmacia, Uppsala, Sweden). 
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Statist ics 

For each var iable the  hypothesis o f  equal means f o r  the  d i f f e ren t  time 

points was tested in an  analysis o f  variance model inc lud ing  the  main factors 

pat ients and  time points. If t he  Gverall test  f o r  t ime po in ts  was signi f icant,  

some contrasts in the time po in t  o:eans were tested. The  level o f  signif icance 

was adjusted to pro tec t  against t he  mass-significance prob len .  

Results 

There  was a small but stat ist ical ly s igni f icant reduc t ion  o f  serum 

cholesterol during treatment (Tab le  I ) .  T h i s  was no t  a t t r ibu tab le  to  any  change 

in LCL  cholesterol.  HCL cholesterol,  on the  other hand, was lower during 

treatment in a l l  f i ve  subjects, but the  decrease va r ied  markedly f rom or,e 

ind iv idua l  to  another. Such an  in te r ind iv idua l  var ia t ion  has less impact on  the  

calculat ions a f te r  a logarithmic t ransformat ion o f  the  values. Calculated on such 

transformed values, the  resu l ts  indicated tha t  the  t reatment was associated 

w i tb  a s igni f icant decrease o f  t he  serum HDL-cholesterol concentrat ion. On the  

average ELL-chclesterol  was reduced by less than 113% in fou r  o f  f i ve  subjects. 

TABLE I. The concentrat ions o f  t r i g l y c e r i d e s  (TG) and cholestero l  (Chol) ( m o l / l )  i n  very-low-density l i p o -  
p r o t e i n s  (VLDL), low-density l i p o p r o t e i n s  (LDL), h igh-densi ty  l i p o p r o t e i n s  (HDL) and whole serum. Mean (+SO)  
before (pre)  and a f t e r  one week (w), I ,  2 and 4 months (m) and 2 - 8 weeks a f t e r  treatment stopped (postT. 
Analysis of variance d isc losed a s i g n i f i c a n t l y  d i f f e r e n t  value dur ing treatment on ly  f o r  serum cholestero l  
(p  < 0.05). 

Treatment n 

Pre 5 

t w  4 
l m  3 
2 m  4 
4 m  3 
Post 5 

VLDL 
TG Chol 

0.42+0.19 0 . 1  120.06 

0.26+0.06 0.0520.04 
0.3820.10 O.ll20.04 
0.62+0.21 0.25+0.19 
0 . 3 9 ~ 0 . 1 4  O.ll+a.O3 

0.41+0.25 o.i4+0.08 

LDL 
TG Chol 

HDL 

TG Chol 

Serum 

TG Chol 

0.2720.05 2 . 6 6 ~ 0 . 7 4  
0.28+0.04 2.64+0. I8 
0.29+0.13 2 . 5 8 ~ 0 . 4 0  
0.27+0.04 2.7950.26 
0.32+0.06 2.89~0.29  

0.31+0.08 3 .O l+O.21 

0.20+0.03 1 . 6 7 ~ 0 . 5 7  
0.18+0.03 1.37+0.21 
0.21+0.04 1 . 3 3 ~ 0 . 2 1  
0 . 1 8 ~ 0 . 0 4  1.24+0.15 
O.ZO+a.02 1 . 1 9 ~ 0 . 3 1  
0.19+0.03 1.5720.20 

0.88+a. 21 4 . 3 9 9 . 6 5  
0.9520.29 4 . 3 2 ~ 0 . 3 4  
0.76+0.16 3.9520.65 
0 . 7 7 ~ 0 . 0 7  4 . 1 7 ~ 0 . 2 5  
1.2020.26 4 . 4 9 9 . 1 0  
0 . 9 0 ~ 0 .  I8 4.7620.26 

TABLE 11. Body weight (kg) ,  the concentrat lon of apol ipoprote in  (apo) B and A - I  ( a r b i t r a r y  u n i t s ) ,  f a s t i n g -  
serum i n s u l i n  (mul l ) ,  the adipose-t issue (AT) l i p o p r o t e i n - l i p a s e  a c t i v i t y  (LPLA), m u l l ,  ( 1  mU s i g n i f i e s  the 
release of one nmol of f a t t y  a c i d  per min) ,  the adipocyte weight ( us), the f ract ional - removal  r a t e  (K-value) 
of the i .v .  glucose-tolerance t e s t  (IVGTT) and the K -value (%/minf o f  the i .v. f a t - t o l e r a n c e  t e s t  (IVFTT) 
are presented. Mean (+SO) before (pre)  and a f t e r  one'week (w), 1 ,  2 and 4 months (m) and 2 - 8 weeks a f t e r  
treatment stopped (po?t). Treatment was not  associated w i t h  s i g n i f i c a n t  changes i n  any v a r i a b l e  a s  ind icated 
by analys is  of variance. 

Treatment n Body weight Apo B Apo A - I  I n s u l i n  AT-LPLA KIVGTT KZIVFTT 

Pre ' 5 67.1211.5 7.822.1 7 3 . 9 ~ 3 1 . 6  Z.l+a.7 7.722.6 
l w  4 69.8+11.1 9 . 9 ~ 2 . 1  96.9289.3 2.6+0.4 9 . 0 ~ 3 . 6  
l m  3 65.323.4 48217 9 0 ~ 2 4  6.822.6 181.2271.9 2 . 7 ~ 1 . 9  9.022.3 
2 m  4 68.8~12.8 5026 97217 9 . 7 ~ 5 . 2  7 5 . 2 ~ 3 4 . 4  Z.O+a.7 8 . 1 ~ 3 . 3  
4 m  3 72.028.6 52224 89225 1 0 . 7 ~ 3 . 8  85.0232.6 1.9+0.6 6.323.1 
Post 5 67.4210.6 52217 9 4 ~ 2 3  1 1 . 9 ~ 3 . 9  112.8159.0 1.920.8 6 . 5 ~ 2 . 9  
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T h e  VLDL l ip ids  and  whole-serum t r ig lycer ides  were no t  s ign i f i csn t ly  af fected 

by the  treatment (Tab le  I ) .  Apo A-I  and  B did no t  change signi f icant ly a f te r  

terminat ion o f  t reatment as compared w i th  the  values during treatment. Nei ther 

t h e  adipose t i ssue l ipopro te in  l ipase ac t iv i t y ,  f ract ional  removal rates a t  the  

i.v. fa tolerance and i.v. glucose tolerance tests, n o r  t h e  fas t ing  serum 

insu l in  concentrat ions were a l te red  during the  treatment (Tab le  1 1 )  - 

DISCUSSION 

In a small p i l o t  s tudy  l i ke  th i s  one the  poss ib i l i t y  cannot b e  ru led  ou t  t h a t  

some small effects, especially on  parameters w i th  a large day-to-day var iabi-  

lity, may fai l  to be  detected. The  present resu l ts  indicate tha t  release o f  about 

70 ug o f  levonorgestrel  da i l y  is associated w i th  on ly  minor ef fects on  the  l ipo- 

p ro te in  metabolism. However, a small e f fec t  on the  serum cholesterol was 

discernible, p robab ly  re f lec t ing  minor changes in the  HDL-cholesterol concen- 

t rat ion.  It is  well establ ished tha t  gestagens der ived  from androgens decrease 

HDL cholesterol in a dose-related manner ( 1 )  .The release o f  levonorgestrel  

f rom the  capsules in th i s  s tudy  was about one-fourth o f  t he  mean release in a 

similar s tudy  ( 1 9 )  in wh ich  t iDL  cholesterol decreased by an average o f  24% 

( 1 9 ) .  

Levonorgestrel  has been shown t o  inf luence the  ac t i v i t y  o f  hepatic l ipase 

( 9 ) .  a phospholipase invo lved in the  catabolism o f  HDL. A high ac t i v i t y  o f  

hepatic lipase is  associated w i th  low phosphol ip id and cholesterol contents in 

HDL and a low cholesterol /protein ra t io  in the  HDL f rac t i cn  (10) .  In a recent 

s tudy  treatment w i th  a contracept ive pill containing 150 ug o f  ethinyl-estradiol  

caused no change in HDL- and LDL-cholesterol concentrat ions ( 1 8 ) .  Th is  i s  

consis lent  w i th  the  finding tha t  t he  estrogen component reduces hepatic lipase 

( 9 ) ,  balancing the  st imulatory e f fec t  o f  levonorgestrel  on  th i s  enzyme. 

However, apo A-I  and  B were elevated in tha t  s tudy  by about 15% ( 1 8 ) .  Th is  

may have been an  e f fec t  o f  ethinyl-estradiol ,  wh ich  has been shown t o  

inf luence the  synthesis o f  apo 6 in the  l i v e r  ( 1 3 ) .  

In the  present series the  treatment inh ib i ted  ovulat ion but did not  suppress 

t h e  fol l icular ac t i v i t y ,  as judged by the  estradiol  pa t te rn  in plasma. D u r i n g  the  

t reatment b u r s t s  o f  estrogen occurred, wh ich  increased the  plasma levels of 
estradiol  t o  200-300 p g l m l  ( w i t h  peaks up t o  750 pg1ml) f o r  per iods o f  up t o  60 

days ( 1 6 ) .  These re la t i ve ly  longlasting, moderately elevated levels o f  estradiol  

did pot, however, inf luence the  apolipoprotein concentrat ions t o  a signi f icant 

degree. 

In summary, t h i s  p i lo t  s tudy  in f i v e  women showed a lower serum cholesterol 

and  a tendency to  a lower HDL-cholesterol level during treatment w i th  con- 
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t i n u o u s l y  re leased levonorges t re l .  T h e  e f fec ts  were  much less p r o n o u n c e d  w i t h  

t h i s  low-dose t rea tment  t h a n  w i t h  o t h e r  cont racept ive  reg imens w i t h  levonor -  

ges t re l ,  b o t h  w i t h  r e g a r d  t o  t h e  leve l  o f  l i p o p r o t e i n  l i p i d s  a n d  concern ing  t h e  

l i p i d / p r o t e i n  composit ion. 
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