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Abstract Rats treated with the contraceptive steroid d-nor- 
gestrel have  lower plasma very low density lipoprotein (VLDL)- 
triglycerides and higher low density lipoprotein (LDL)-choles- 
terol than controls. To explain these results, the kinetics of 
VLDL  and  LDL turnover were studied by injecting '251-labeled 
rat-VLDL and '3'I-labeled rat-LDL simultaneously into  rats 
treated with a small dose of d-norgestrel (4 pg per day per kg 
body  for 18 days, n = 22) and their  untreated controls 
(n = 22). VLDL-  and LDL-apoB specific activity-time curves 
obtained over 50 hr best conformed to a three-pool model. 
VLDL-apoB clearance expressed  as irreversible catabolic rate 
(16,) was markedly enhanced in the treated versus control rats 
(0.57 vs. 0.34 pools hr"), leading to a marked reduction in 
VLDL-apoB pool  size (270 vs. 420 pg).  However, VLDL-apoB 
production rates were similar in the two groups (160 vs. 140 
pglhr, respectively). The '251-labeled apoB specific activity-time 
curve derived from the catabolism of '2SI-labeled VLDL-apoB 
also showed enhanced clearance in d-norgestrel-treated rats. 
'2sI-Labeled IDL-apoB and lZ5I-labeled LDL-apoB specific 
activity-time curves failed to intersect the VLDL-apoB curve at 
maximal heights, suggesting input of intermediate density 
lipoprotein (IDL) and  LDL independent of VLDL catabolism 
in both groups. however, the extent of independent LDL-apoB 
production was similar in both groups. Clearance of '3'I-labeled 
LDL-apoB following injection of 'SII-labeled rat-LDL was 
delayed in the d-norgestrel-treated versus control rats. The 
irreversible catabolic rate of  '"I-labeled LDL-apoB was marked- 
ly  slower  with d-norgestrel (0.15 vs. 0.29 pools hr-'), leading to 
an increased pool  size (840 vs. 410 pg) of LDL-apoB. However, 
production rates of LDL-apoB were similar in d-norgestrel- 
treated and control rats (130 vs. 120 pglhr). Bp These divergent 
effects  of d-norgestrel on apoprotein B metabolism in VLDL, 
IDL,  and  LDL in the  rat are consistent with and explain both 
the triglyceride-lowering and cholesterol-elevating effects  of 
d-norgestrel in this  species. - Khokha, R., M. W. Huff, and 
B. M. Wolfe. Divergent effects  of d-norgestrel on the metabo- 
lism of rat very low density and low density apolipoprotein B. 
J Lipid Res. 1986. 2 7  699-705. 
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d-Norgestrel, a potent progestin, is widely used in oral 
contraceptive formulations in combination with estrogens 
(1). dl-Norgestrel (active isomer d-norgestrel) adminis- 
tered alone (2) or in combination with estrogens (3, 4) has 

been reported to lower plasma triglyceride levels, although 
some investigators have  failed to observe this effect (5, 6) .  
Studies in our  laboratory show that d-norgestrel fed to 
female rats significantly lowers both plasma total and 
VLDL triglyceride levels. In contrast, d-norgestrel sig- 
nificantly elevates plasma total and LDL-cholesterol 
levels (7). 

The hypotriglyceridemic effect of d-norgestrel could 
result from either reduced synthesis and secretion of 
VLDL triglycerides from the liver or enhanced clearance 
of VLDL particles from the plasma. On the other  hand, 
the cholesterol-elevating effect of d-norgestrel could result 
from a )  higher input of LDL via catabolism of VLDL (8),  
b )  greater direct synthesis of LDL independent of VLDL 
catabolism (9), or c) impaired LDL receptor function (10). 

In  order to investigate the mechanisms underlying al- 
terations in lipid levels induced by d-norgestrel, we 
examined the apoB kinetics of VLDL,  IDL,  and  LDL 
after injecting isotopically labeled homologous lipopro- 
teins (obtained from donor rats) into d-norgestrel-treated 
and control rats. Studies of apoB provide insight into 
apolipoprotein turnover because apoB stays  with the 
VLDL particle during its sequential delipidation leading 
to IDL  and finally ending with the formation of LDL (9). 
The effect of d-norgestrel on  the kinetics of apoB metab- 
olism and  on the interrelationships with other apoB- 
containing lipoproteins is presented in this report. 

METHODS AND MATERIALS 

Preparation of animals 

Female Sprague Dawley rats (250 g), 22 in each group 
(control and experimental) were individually caged in an 

Abbreviations: LDL, low density lipoprotein(s); IDL, intermediate 
density lipoprotein(s); VLDL, very  low density lipoprotein(s); apoB, 
apolipoprotein B. 
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animal room illuminated from 8:OO AM to 8:OO PM. Each 
rat in the  experimental  group received 4 pg of d- 
norgestrel/day e kg body (average dose 1.4 pglday) 
for 18 days along with rat chow. This dose is comparable 
to  that used for human contraceptive purposes (2-6). The 
experimental diet was prepared by adding the d-norgestrel 
dissolved in absolute ethanol  to  rat chow and  then  the 
ethanol was  allowed to  evaporate. The control  diet was 
treated with an equal  amount of ethanol which was simi- 
larly removed by evaporation.  Experimental  and placebo 
portions of the  diet were first  fed to each rat between 6:OO 
and 11:OO PM, and  the  rats were observed until it was 
completely consumed.  Thereafter, water and  rat chow 
were available ad libitum. Potassium iodide (0.16 g/l) was 
added  to  the  drinking water for 2 days prior to and  after 
the  administration of labeled lipoproteins. 

Preparation of labeled lipoproteins 

Lipoproteins for injection were obtained from female 
Sprague Dawley donor  rats (250 g,  n = 44) that  had been 
maintained  on  a  synthetic  diet  containing 5% lard for 10 
days prior  to use. This was done  to  enhance  the  labeling 
of rat  VLDL-protein by decreasing  the  polyunsaturated: 
saturated  fatty acid ratio  in  the  plasma lipids, leading  to 
less incorporation of the label in the lipid moiety of the 
lipoproteins (11). However, a fat-free diet was  fed for 12 hr 
prior  to blood sampling of donor  (as well as  recipient)  rats 
in  order to eliminate chylomicrons from plasma. 

Blood  was collected by aortic  puncture from the  donor 
rats  and pooled in  tubes  containing EDTA  (1 mg/ml). The 
plasma was separated and subjected to ultracentrifugation 
in a Beckman 60 Ti rotor (16 hr, 40,000 rpm, 15OC) to iso- 
late VLDL (d < 1.006 g/ml). The  VLDL was washed 
twice through sterile saline in  a 50 Ti  rotor (16 hr, 40,000 
rpm, 15OC). The  LDL (d 1.02-1.05 g/ml) was isolated 
from the plasma infranatant  remaining after separation of 
VLDL in a 60 Ti rotor  (24 hr, 40,000 rpm, 15OC) and was 
washed once, through sterile saline solution of d 1.05 g/ml 
in  a 50 Ti  rotor (24 hr, 40,000 rpm, 15OC). The narrow 
density range  (d 1.02-1.05 g/ml) was chosen to obtain an 
LDL fraction free of any  contamination by VLDL or 
HDL.  The  VLDL  and  LDL were radiolabeled by a  modi- 
fication (12)  of the  McFarlane  method (13).  Briefly, the 
VLDL  and  LDL obtained were equilibrated to 0.4 M 
glycine-NaOH buffer, pH 10, and radioiodinated with 
lZ5I and 1311 (Amersham, Oakville, Ontario), respectively. 
Free iodine was then removed by passage through  a small 
Sephadex  G-50  column  equilibrated with saline. Isotopi- 
cally labeled lipoproteins were sterilized by filtration 
through  a 0.45-micron Millipore filter. Ninety-three  per- 
cent of the radioisotope lZ5I was bound  to VLDL protein, 
4% was associated with lipid, and 3% remained unbound; 
VLDL-apolipoprotein  B  (determined by isopropanol 
precipitation, ref. 14) accounted for 29% of the  lZ5I  bound 
to  VLDL protein.  Ninety-four  percent of the radioisotope 

1311 was bound  to  LDL protein, less than 5% was 
associated with lipid, and 1% remained  unbound; LDL- 
apolipoprotein  B  accounted for 73% of the 1311 bound to 
LDL protein.  LDL-apoB  accounted for 61%  of the mass 
of LDL protein (d 1.02-1.05 g/ml). 

Lipoprotein kinetic study 
Rats were placed under mild ether anesthesia for the 

experiment.  Each recipient rat received simultaneously 8 
FCi of lz5I-1abeled VLDL  and 2 pCi of 1311-labeled LDL 
in 0.5 ml of normal saline injected intravenously via a foot 
vein under mild ether anesthesia. At 5  min postinjection, 
a 50-70 pl sample of blood was collected from the tail vein 
into  a  heparinized  microhematocrit  tube  in  order  to 
monitor  the  amount of radioactivity injected. At each 
subsequent  time point (0.17, 0.33, 0.5, 1, 2, 4, 6, 12,  18, 
24, and 50 hr), two rats from each of the  d-norgestrel and 
control  groups were anesthetized with ether  and 9-10 ml 
of blood was drawn, by aortic  puncture,  into  tubes con- 
taining EDTA (1 mg/ml). Plasma was  pooled and lipopro- 
tein fractions VLDL- (d < 1.006 g/ml), IDL (d 1.006- 
1.019 g/ml), and  LDL (d 1.019-1.063 g/ml) were isolated 
at  appropriate salt densities by the  method of Havel, Eder, 
and Bragdon (15). All lipoprotein fractions were counted 
and concentrated by ultrafiltration  using Amicon PMlO 
membranes. The B-apolipoprotein was isolated by iso- 
propanol  precipitation (14) and its specific activity was 
determined. Briefly,  250  pl of the  lipoprotein (1 mg of 
proteidml) was extracted with an equal volume of iso- 
propanol  and  the  apoB was, pelleted by centrifugation. 
The pellet was washed with 250 pl  of isopropanol-saline 
1:l (v/v). Lipids were then  extracted with 1.0 ml of 
methanol-chloroform-diethyl ether 2:3:5 (v/v/v) and 
finally washed with diethyl ether alone. The apoB pellet 
was dried  and dissolved in 0.1 N NaOH. ApoB was radio- 
assayed for lZ5I and 1311 and  the  protein  content of the 
whole sample was determined by the  method of Lowry et 
al. (16) to  determine specific activity. The specific activity 
time curves of the VLDL-  and  LDL-apoB plotted semi- 
logarithmically were  best described by a three-pool model 
that provided a significantly better fit than  a two-pool 
model when tested by residual error testing (17,  18). The 
curves were subjected to  a  computer  program for the 
analysis of multicomponent  exponential decay data based 
on a  nonlinear least squares  method (19). The parameters 
of the  three-pool model, shown in Fig. 1, were calculated 
according to Goodman, Noble, and Dell (18) in accordance 
with Skinner et al. (20). Comparison of the specific 
activity curves of VLDL,  IDL,  and  LDL allowed an 
examination of the precursor-product relationship between 
these fractions as previously discussed by Zilversmit (21). 

Principal calculations and definitions 
These were according to the  appendix  to  Goodman et 

al. (18) with the following modifications according to 

700 Journal of Lipid Research Volume 27, 1986 

 by guest, on June 19, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


Skinner et al. (20): 

dl = kzz + k33 = ((112 + as) + [(a1 - az)Az 
+ (AI + A2 + A,)] + [(a1 - %)A3 

+ (A1 + A2 + A,)] 

where the specific activity of each compartment  at  t = 0 
is normalized to 1.0 (20). 

dz = kzzk33 = [(QZ - Q I ) ( ~ Z  - + (AI + A2 + &)I 
- CY: + d1a2 

k2z = %(dl + w) 
k33 = %(dl - w) 

where Al = 

where A2 = 

where A3 = 
where ai = 
where CY:, = 
where a3 = 
where kol = 

Analyses 

Plasma lipids 

time zero intercept of rapid 
exponential 
time zero intercept of intermediate 
exponential 
time zero intercept of  slow exponential 
slope of rapid exponential 
slope of intermediate exponential 
slope of  slow exponential 
rate constant (pools per hour) of apoB 
mass transfer out of the system to 
“pool zero” from pool 1. This 
corresponds to irreversible catabolic 
rate (18). 

were extracted in chloroform-methanol 
2:l (v/v) and triglyceride and cholesterol concentrations 
were  assayed by methods described previously (22-24). 
Variations in body weight and plasma lipids were  assessed 
using the t-test for unpaired samples (25). Variation is 
expressed as the  standard  error of the mean. 

RESULTS 

Treatment with d-norgestrel significantly reduced plas- 
ma total triglycerides (49 * 5 vs. 66 * 7 mg/dl, P < 0.05) 
and significantly elevated the plasma total cholesterol 
(64 * 2 vs.  54 * 3 mg/dl, P < 0.05, n = 22 per group), 

k01 p o l  

Fig. 1. Three-pool model of apolipoprotein B turnover of VLDL or 
LDL in rats. (See Tables 1 and 2 for values  and  references 18 and 20 for 
detailed explanation of symbols and assumptions). 

loooo 1 C”0 C-VLDL 
H E-VLDL 
0 - - 0  C-IDL 
m--m E- IDL 
&d c - L O 1  
&-A E-LDL 
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HOURS 

Fig. 2. Specific  radioactivity of apolipoprotein B of VLDL, IDL, and 
LDL following intravenous injection of ‘*’I-labeled  rat VLDL into con- 
trol (C) and d-norgestrel-treated (E) rats.  Each  point  represents  the 
value obtained from  the  pooled  plasma of two  rats. 

as compared to untreated controls. 
The values for specific activity of lZ5I-labeled apo- 

protein B in VLDL,  IDL,  and  LDL over  50 hr following 
injection of lZ5I-labeled VLDL were plotted on a semi- 
logarithmic scale (Fig. 2). VLDL-apoB clearance was en- 
hanced in the  treated versus control rats. The kinetics of 
VLDL turnover calculated from the IZ5I-labeled VLDL- 
apoB decay curve are shown in Table 1. The higher initial 
specific activity of VLDL-apoB in d-norgestrel-treated 
rats as compared to controls (Fig. 3), reflects the smaller 
pool of apoB (270 vs.  420 pg). The irreversible catabolic 
rate of VLDL-apoB was markedly increased (0.57 vs. 
0.34  hr-’).  However, the production rate was similar in the 
two groups (160  vs.  140 pg/hr). 

For the purpose of clarity, the values for specific activity 
of lz5I-labeled apoB in VLDL,  IDL,  and  LDL over the 
first 6 hr were plotted as a function of time in order to 
study  the precursor-product relationships between the 
different lipoprotein fractions (Fig. 3). Faster clearance of 
VLDL-apoB in d-norgestrel-treated rats was accompanied 
by a rapid rise of IDL-apoB specific activity which peaked 
before the  IDL-apoB specific activity curve for controls. 
The IDL-apoB specific activity curve declined faster in 
the treated versus control rats (Fig. 2). In both the groups, 
the IDL-apoB  and  LDL-apoB specific activity time 
curves reached maximal values well before intersecting 
VLDL-apoB curves, indicating direct input of these 
lipoproteins independent of VLDL decay. 
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TABLE 1. Kinetic parameters of rat 1251-labeled VLDL-apoprotein B turnover 

Half-Life of Exponential Rate Constants" 

Group I I1 111 k,? kt, ks I kal MIb PR' 

hr hr" PE Pdhr  

Control 0.16 3.0 30 2.48 1.85 0.030 0.073 0.34 420 140 
d-Norgestreld 0.11 2.6 16 2.59 3.54 0.051 0.096 0.57 270 160 

"According to Goodman et al. (18), koI denotes irreversible catabolic rate. 
bSize of pool I .  
'Production rate = Rol. 
dDose was 4 pg d-norgestrel per day per kg body for 18 days. 

Fig. 4 and Fig. 5 show, respectively, the  LDL-apoB 
absolute specific activity curves and the  LDL-apoB 
relative specific activities expressed as percent of the 
highest initial value (respective 10 min postinjection value 
for each group) following the injection of I3l1-labeled 
LDL in  treated and control  rats.  Clearance of LDL-apoB 
was definitely delayed in the  d-norgestrel-treated  rats 
compared  to controls. The kinetic parameters of LDL- 
apoB  turnover (Table 2), calculated from data in Fig. 4, 
indicated  a  longer half-life and lower irreversible catabolic 
rate (0.15 vs. 0.29 pools hr-') with a markedly larger pool 
size (840 vs. 410 pg) of apoB in  the  treated versus control 
rats. However, the  production  rate of apoB was similar in 
both  groups (130 vs. 120 pglhr). 

DISCUSSION 

The present  studies provide new insights into  the 
mechanisms  underlying  alterations of serum lipid levels 
that  occur during  treatment with d-norgestrel. The 
significantly lower mean plasma triglyceride level in  the 
treated  group versus controls (49 * 5 vs. 66 7 mg/dl) 
was consistent with the lower VLDL-apoB pool (270 vs. 
420 pg). The decreased pool  size  was related mainly  to an 
increased irreversible catabolic rate of VLDL-apoB, since 
the  production  rate was essentially unchanged by d- 
norgestrel. 

The catabolism of VLDL is a stepwise  process involving 
initially the  formation of remnants which may then be 
either catabolized to form LDL or directly removed from 
circulation  without  the  formation of LDL (26 ,  27). This 
latter pathway is especially important in the rat. Eisen- 
berg  and Rachmilewitz (28, 29) have shown that,  in  rats, 
the  major part of plasma VLDL-apoB removed from the 
circulation is degraded,  presumably  in  the liver, without 
conversion to  LDL.  It is known that,  in  the  rat,  hepatic 
receptors bind  both chylomicron and  VLDL  remnants 
generated  through  the action of lipoprotein lipase more 
efficiently as they become poor  in  C-apoproteins (10, 30). 

There is evidence that it is the chylomicron remnant 
receptor  that removes VLDL  remnants (31), rather  than 
the  LDL receptor which is thought  to  be responsible for 
VLDL  remnant removal in rabbits (32) and probably 
other species. It is also known that  VLDL  remnants in  the 
rat  can  bind  to  the LDL receptor of hepatic plasma mem- 
branes  and  that this  binding  can  be  enhanced by pretreat- 
ment of animals with pharmacological doses of ethinyl 
estradiol (33). The relative contribution of the  hepatic 
chylomicron (apoE)  receptor versus the  LDL (apoB,E) 
receptor  in  the  uptake of rat VLDL remnants is not 
known. Although we cannot  ascertain  the  ultimate effects 
of d-norgestrel  upon VLDL receptor function from the 
present studies, one possible mechanism underlying 
increased catabolism of VLDL  and  VLDL  remnants 
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Fig. 3. Specific radioactivity of apolipoprotein B of  VLDL, IDL, and 
LDL for  first 6 hr following intravenous injection of '251-labeled rat 
VLDL into controls (C) and d-norgestrel-treated (E) rats.  Each point 
represents  the  value obtained from pooled plasma of two  rats. 
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Fig. 4. Specific radioactivity of apolipoprotein B of LDL following 
intravenous injection of 'SII-labe.led rat LDL into controls (C) and 
d-norgestrel-treated (E) rats. Each point represents the value obtained 
from the pooled plasma of two  rats. 

could include increased efficiency of uptake of these  lipo- 
proteins by the hepatic apoE receptor. 

The increased size of the LDL-apoB pool and higher 
LDL cholesterol concentrations appear to be related to 
impaired removal, inasmuch as the LDL-apoB irreversible 
catabolic rate was decreased whereas the production rate 
was unchanged. A possible mechanism to account for 
delayed metabolic degradation could  be impaired LDL 
receptor function in d-norgestrel-treated rats as compared 
to controls. Large pharmacological doses of ethinyl 
estradiol, which drastically lower plasma LDL, have  been 
shown to increase the number of hepatic receptors for 
LDL in the rat (33, 34). Thus, by contrast, low doses of 
d-norgestrel could act by a converse mechanism by reduc- 
ing  LDL receptor activity in both nonhepatic and hepatic 
tissues. In addition, as discussed  above, d-norgestrel 
might enhance the activity of the hepatic apoE receptor. 
The former would  result in a decrease in LDL catabolic 
rate  and an increase in plasma LDL concentrations, 
whereas the latter would explain the more efficient VLDL 
and  VLDL  remnant clearance and decrease in their con- 
centrations. It is  also  known that the activity of hepatic 
LDL receptors can be  easily  modified by metabolic inter- 
ventions that influence hepatic cholesterol metabolism 
(35). These perturbations had little effect on apoE recep- 
tor activity (suggesting that this receptor was resistant to 
metabolic regulation). However, a recent study in humans 
provides  evidence that the hepatic apoE receptor can be 
regulated independently of the LDL receptor (36). 

Khokha, HuJ and Wove 

An alternate mechanism to explain the increase in 
VLDL catabolism by d-norgestrel could  be increased 
enzymatic activity of lipoprotein lipase andor hepatic 
triglyceride lipase, which are primarily responsible  for the 
conversion of VLDL to IDL and to LDL. Although it has 
been suggested that, in humans, lipoprotein lipase is the 
rate-limiting enzyme of the VLDL catabolic pathway 
(37), it  is  possible that hepatic lipase  may  influence 
VLDL clearance under certain metabolic conditions. 
Hepatic triglyceride lipase in humans has been  shown to 
be depressed by estrogen treatment (38) and elevated by 
norgestrel treatment (39). Human hepatic triglyceride 
lipase has been  shown to have a high affinity  for IDL (40) 
and therefore may  play a role in its catabolism. Murase 
and  Itakura (41) and Goldberg et  al. (42) have  suggested 
that blocking hepatic triglyceride lipase in rats or mon- 
keys  may impair the catabolism of IDL. 

The fraction of IDL-apoB derived  from catabolism of 
VLDL-apoB (calculated from the ratio of 1251-labeled 
apoB specific activity of IDL to VLDL when IDL specific 
activity reached a maximal value,  ref. 43) was similar in 
treated versus control rats (0.55 vs. 0.63). Likewise, the 
fraction of LDL-apoB derived  from catabolism of IDL 
(calculated from the ratio of Iz5I-labeled apoB specific 
activity of LDL to IDL when LDL specific activity 
reached a maximal value) was similar in treated versus 
control rats (0.54 vs. 0.56). Therefore, it  is unlikely that 
the increase in  VLDL catabolic rate is due to an increased 
conversion of VLDL-apoB to LDL-apoB. LDL-apoB 
specific activity time curves reached maximal values well 
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Fig. 5. Specific radioactivity of LDL-apolipoprotein B expressed as 
percent of the initial specific activity (10 min post-injection), following 
intravenous injection of  'slI-labeled rat LDL. Each point represents  the 
value obtained from pooled plasma of two  rats. 
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TABLE 2. Kinetic parameters of rat ‘”I-labeled  LDL-apoprotein B turnover 

Half-Life of Exponential Rate Constants” 

Group I I1 111 k n  km k,s k3 I kol M I b  PR‘ 

hr hr-1 PE pdhr 

Control 0.081 2 . 7  14 4.03  4.26  0.089  0.16  0.29  410 120 
d-Norgestreld 0.21  4.2 17 1.93  1.26  0.073  0.072  0.15  840 130 

“According to Goodman et al. (18), kol denotes irreversible catabolic rate. 
’Size of pool 1 .  
‘Production rate = Rol. 
dDose was 4 pg d-norgestrel per day per kg body wtO”’ for 18 days. 

before  intersecting IDL-apoB or  VLDL-apoB  decay 
curves,  indicating  the  presence of LDL-apoB  production 
independent of VLDL-apoB  catabolism.  This  has  previ- 
ously  been  demonstrated by others (9). The  direct  input 
of LDL into  plasma  did  not  seem  to  be affected substan- 
tially by d-norgestrel  inasmuch as the  fraction of LDL- 
apoB derived  from  catabolism of VLDL (calculated  from 
the  ratio of lZ5I-labeled apoB specific activity of LDL to 
VLDL when LDL specific activity reached  maximal value, 
ref. 43) was comparable  in  the  two  groups (0.30 vs. 0.22) 
and the  total  LDL-apoB  synthesis was also  unchanged. 

In  summary,  the  principal  action of d-norgestrel  appears 
to  be  on  apolipoprotein B catabolism.  d-Norgestrel  en- 
hances VLDL-apoB catabolism,  whereas  LDL-apoB 
catabolism  is  reduced. The  effect may  be  on apoB 
catabolism  directly by opposing effects on  the  hepatic 
apoE and LDL receptors. However, the effect on   VLDL 
may  be  mediated  through effects upon  the  lipolytic 
enyzmes  modulated by d-norgestrel.  These  observations, 
of divergent effects of d-norgestrel  on  apoB  metabolism  in 
VLDL, IDL, and LDL, shed  new  light  on  the 
triglyceride-lowering and cholesterol-elevating effects of 
d-norgestrel. 
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