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. CaBSTRACT -
~ ™~ 5 . . .
The progestin, d-norgestrel (d-Ng) has been widely administéred

to women in oral contraceptives. The present study was undertaken to

examine the effects of d-Ng on 1ipid and lipoprotein metabolism and

4

4 e e v o

elucidate its mechanism of'actfon-ustgﬁz?he rat’as the éxperimental
mpﬁe] | , ' r’”}lb‘ .

d- Tg fed to female rats oveq\a per1od of 18 days in conventional
doses, s1gn1f1cant1y 1o;ere; the plasma total and very low density
;‘?: lipoprotein (VLDL)-triglyceri?es. The concentgation of
'VLDL-phospho14pids fell in proportion to the decrease in

VLDL-triglycerides. In contrast, d-Ng significantly elevqtéd the
plasma total and low density lipoprotein (LDL)-EholesteroT. + ﬁ
Concuryently, LDL-phospholipids were also(signigicantly elevated by
_d-Ng'zgeptment. . .

The triglyceride synthesis was studied using isolated rat
hepatocytes. d;Ng (0.1mM), in"the presencé of 0.1% dimethylsUIfdxjde
concentration of the med1um, s1gn1f1cant]y inhibited the .
incorporation of both [9, ]0 H] palmitate and [U- C] g]ycerol
into triglycerides synthesized by the hepatocytes (by 10 20%)

Concurrently, diNg also inhibited (by 51-57%) the secrefion of

labelled triglycerides from isolated hepatocytes. The inﬁibition of:
triglyceride synthesis by d-Ng was dose-dependent.

 Thégffect of d-Ng treatment on the rate limiting enzyres of
: 5‘
tr%g]ycepide synthe51s was examined. d-Ng significantly reduced the

CTTOVe e

specific activ1ty'of hepatic g]ycero] phosphate acyltransferase in




’

the microsomes. However, tyé sbecific.acti;ity»of hepatic
) mitochondrial glycerol phosphate acyltran&férase was unchanged as
compared to contro]sf In addition, d-Ng treatmen% also signif}cant]y
reduced thé spécﬁfiq activity of phosphatidic acid aqueous (PAaq)
dependent phosphatidic acid phosphatase specifically in. the.
mjcrosomes, The phosphatidic acid membrane bound (PAmb) dependent’
phosphatidic acid phosphatase specific activity in.microsomes as well
as cytosol was not afféetéd by d-Ng treatment. These results‘suggest
that d-Ng acts by inﬁib%ting/pepatic microsomaf,g]ycé?ol phosphate
. acy]trangferase and PAa; dependent phospnatidic acid phosghatase
p . specific activity{ subséqhe;tly reducing the triglyceﬁide synthegis
and secretion by the ]2Ver. This exp]aiﬁs;ﬁat least. in.part, thg

Tower levels of plasma ahd VLOL trigly%erides in the d-Ng treated
. , ‘ .

4

rats.
Studies of VLOL and LDL turnover were carried out by éxaminjng

the kinetics of labelled apolipoprofein-B of VLDL and LDL injected

into d-Ng treated and control rats. Analysis of specific activity

) \ - N
"time curves showed that the fractiona) catabblic rate of
Ve N
. VLDL-apolipoprotein B (human ]ZSI-VLDL apolipoprotein-B and rat

125

> - N
keeping with enhanced VLDL clearance in this group. 'This would

I-VLDL apolipoprotein-B) was markedly increased with d-Ng, in

expiain the'reduction in the pool size of VLDL~apo]ipﬁpro§ein-é

because the production rate was unaffected. The intermediate density

¥

1ipoprotein (IDL)-apolipoprotein B c]eérance in treated rats was also
° ' 4 ' ’

increased above controls. The IDL and LDLbapb1%poprotein B production

v




independent of#VLDL-apolipoprotein'B catabolism was observed in
control as well as d-Ng treated rats. Thﬁ; however was sjmilar in the
two groups. Ana]ysis»of the specific activity time Fupye§ of
LDL-apolipoprotein B (human IZSI-LDL and rat -
]3]I-LDL-apo1ipqprotein B) showed a lower fréctjbnal catabolic ratew
in d-Ng treated rats. This caused the markedly larger pool size of
LOL-apolipoprotein B, since production.rate was similar in the two
7groups. The primary effect of d-Ng on both the lipoproteins was on
their eff{cienby of removai from the p]qsma; These divergent effects
. 6f d-N§°éxp1ain both its triglyceride-lowering and

L4

cholesterol-elevating effects in rats.

N | W‘?J
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INTROPUCTION

1.1 Oral Contraceptives

Oral contréceptives Ere now recognized as the most effective
means of.preygntfng pregnancy and thus play a dominant role in
famiﬁy planning. Today, the pill is used world-wide by more than
one hun&red million women. haberiandt first advocated the use of
ovarian and placental hormones as a.means of temporary hormonal
sterilization in 1924. Lat%r in 1955, Pincus demonstrated that
ovulation was inhibited in women By orally administered -
progesterone. - fhe combined ef%ects of Pincus and the Searle company
then led to the markgting of first oral contraceptive Enovid in 1962
(Rincus, 1956; Tyler, 1974; Diczfa]usy; 1982).

Most oral contraceptive formulations are a combination of
estrogen and progestin. While only two estrogens, ethinyl estradiol
and its 3-methyl ester, mestranol have been used in commercial

preparations, several different types of progestogens have been

“tried. The variety of progestogens fall into three main categories,

i) pregnanes: chlormadinone acetate, meggstro] and

medroxyprogesterone, ii) estranes: noretﬁxnodre], ethynodiol <,
.diacetate and lynestrol and iii) gonanes: nqrgestrel (Briggs,

1977). The three major contraceptive modes of action attributed to

oral con£raceptive preparations are inhibition of ovuladtion,

alteration of cervical mucus and distortion of endometrium. There
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¢ are also other conjectured mechanism; such as changes ip tubal

motility and utenine'contractidn and possibly the elimination, of
capacitation. The inhibition of ovula;ion is mginly qccomp]ished by

the estrogen action on the hypotha1a;;—pituitary-ovarian axis which
leads to the suppression of luteinizing horﬁgne releasing factor o
(LHRF). This subsequently results in the failure of the midcycle ...
surge of luteinizing hormone (LH) and ovulation. On the ot@;% hand, -
the progestogen is required for the control of the menstrual flow
following oral contraceptive withdrawal.' It_a]so plays a major role

in the alteration of cervical mucus, mégdnélit less penetrable to

. "
i , sperm (Edgren, 1969; Ulstein and Myklebust, 1982)

P 1.1.1. Norgestrel

] o Norgestrel,

.

138-ethyl-17«-ethyny1-178 -hydroxygon-4-en-3-one (Ng) is

considered today to be the most successful progestogen synthesized

P T N R

so far (Fig 1.1). It is a totally synthetic antiestrogenic

cofipound, qua]itatiye]y similar to progesterone but much more potent

res

A
when given by mouthi(Edgren, 1969). The original compound was a

b, - T . i 2R y .
; K racemic mixture composed of d .and Y isomers. Subsequent chemical
! s :

4

separation has demonstrated that bio]ggica1 activity resides only in
N
the d- isomer which is also known as Wevonorqgggpéﬁ‘(Jones et al,

1979) .
The bioavailability of orally administered norgestrel has been
reported to be 80-90% in the women compared to only 9% in the rat

-

. . (Dusterberg et al, 1981; Back et al, 1981). Disposition of

e
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) Structure of Norgestrel. A common synthetic
gonane progestin used in the formu]atiéa‘of,
oral contraceptives.
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norgestrel in the:plasma follows a bi-exponentiqlhpattern in womeﬁ._

? Wy :
An initial rapid phase lasting up to 8 hr followed by a slower phase
witﬁia.h?lf-]ife between 8 to 24 hrs has been reported with peak
, .

plasma levels obéerved two hours after the ingestion (Gerhards et

al, 1971; Victor 23_213‘1975). 3a58-Tetrahydronorgestrel and

~

168 -hydroxynorgestrel are the major metabolites of dl-norgestrel

degradation in the plasma. Besides/these, at least 23 other
. . ’ S
metabolites are found in the urine.présent in either free form or as

conjugates of sulfate and glucuronide. The glucuronide conjugates

s

appeared to be predominantly derivéd from d isomer and sulfate
conjugates frﬁm 1-isomer (Sisenwine-et al, 1975; Sisenwine §§_213

—

1973; Littleton et al, 1968).

1.2. Lipoproteins

1.2.1 Structure and Function of Lipoproteins

P{asma lipoproteins are macromolecular complexes of 1ipids
bound to a variety of polypeptides (the apolipoproteins), and sérve
to transport water-insoluble 1ipids in the blood. The five major

"Elpsses of lipoproteins based on operational dgfinitians such as
electrophoretic mobility and rate of ultracentrifugal f1otatiq§ in

salt solutions are chylomicrons (CM), very low denéity 1ipopnpté?n\

(VLOL), intermediate density lipoprotein (IDL), low densify N

lipoprotein (LOL) and high density Jipoprotein (HDL). Each class .
consists of a wide spectrum of particles varying in size. Table 1.1
summarizes the composition and properties of human plasma

iipoproteins. The rat lipoproteins are similar to human

~
\

\
(]
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1ipoproteins in many aspects. However, the -fraction separated
between the densities 1.040-1.063 contains both LDL and HDL a]though‘
the former is predominant (Koga et al, 1969; Camejo, 1967). ’

Lipoprotein structure %as been extensively studied by many
investigators utilizing techniques such as nuc]egr magnetic
resonance, differential scanning calorimetry, radioimmunoassay and
with cross-linking reagents, specifically for HOL and LDL particles
(Smith_gz.gi, 1978). In genéra], the major 1lipoproteins shg;e a
common structure that is well suifed‘fpr transporé of lipids in
plasma. Lipoproteins are roughly spherxca] particles with an apolar
core of trig]yceride‘(TGL and cholesterol ester (CE), surraunded by
a monolayer of specific apo]ipobroteins, unesterified cholesterol
and po]ér head groups og phospholipids (PL). This monolayer allows
the lipoprotein particle to remain miscible in the plasma.
Lipoproteins are stabilized by noncovalent fofges which allow
exchange .and transfer of their constituent Yipids and
apé]ipopro}eins during intravascular metabolism (Jacksoﬁ Si.il»
19765 -Spith et a1, 1978; Gotto, 1983).

Thé’major triglyceride-carrying lipoproteins in the ﬁlasma a;e
CM and VLDL. CM 4re responsible for the transport of exogenous
triglycerides, whereas the major vehicle of endogenous triglycerides
is VLDL. ’These carry the triglycerides to theﬁperipheral tissues,
providing these cells with an imﬂortant source of energy. -LDL

constitutes about two thirds of°the total plasma cholesterol in

humans and functions to deliver cholesterol to extrahepatic

tissues. On the other hand, HDL promotes cholesterol transporf'from

A}




-

peripheral tissues to.the liver. )

More thaﬁ twenty individual apolipoproteins have been
récognized to date. The significance of apolipoproteins as’the most
probable determinants of lipoproteif~structural %tabi]ify.has been
established. Studies based bn structures of apolipoprotein AI and
AII suggest that a balanced coﬁpetjtion betw;en lipid-protein
interactions and lipid-lipid interactions gives rise to a stable
lipoprotein molecule (Smith et al, 1978). Besides this function,
apolipoproteins also provide 1ipoproté1ns with recognition sites for,
cell s&rfacé\:sﬁsptors and co-factors for enzymes jnvolved in the
Tipoprotein metabolism. Different lipoproteins have varying but
overlapping d{sﬁributions of £ﬁese apolipoproteins (Table 1.1) (Owen
and McIntyre, 1982; Kostner, 1983). The apolipoprotein B of CM is
ca}]ed 3-48.‘ It differs structurally and antigenically from tpe
apolipoprgtein of VLDL‘which ié known as B-100Q (Kane et al, 1986;~
Krishnaiah_gg_gl, i980; Elovson et al, 1981). Thr'rgt liver
synthesizes and secré?es in VLDL suﬂgtantial amounts 6f a protein

with same apparent molecular weight as apo B-48, as well as apo

87100 (Elovson et al, 1981; Wu et al, 1981).

1.3 Lipoprotein Metabolism

1.3.1 Synthésis and Secretion

-

Plasma lipoproteins are the specialized products of only two
cells;_ hepatic parenchymal cells and the absorptive cells of the
small iq;estine. Nascent VLDL and nascent HOL containing endogenods

trig]ygééhides originate from the Tive¥, whereas the small intestine
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is responsible for transport of exogenous fats mainly through CM and
also VLDL to a small extent depending on the species. Secretion of
the 11poprqtein€P;rtic1e involves three steps: biosynthesis of

protein and‘]ipidg; assembly of the requisite apolipoprotejn and"

lipid.constituents to form a lipoprotein particle and secretion of

the mature particle into the blood. In gener&], the secretory
pathway includes two cellular organelles, endop1asmic_reticu1um and
Golgi apparatus (Alexander g{_glg 1976). The rough and smoo@h
endoplasmic reticiulum are the sjt%s of apolipoprotein synthesis
(Bungenberg and-Marsh, 1968) and glycerolipid production (Bell ;nd

Coleman, 1980) respectively, while the Golgi apparatus is ‘the site

)

of lipoprotein processing. Studies utilizing radiocautographic and

immunocytpchemiba] techniques (Alexander et al, 1976; St?in and
Stein, 1967) show that the TG-rich pérticle originates in smoo%h
engp]asmic reticulum and receives apolipoproteins at the juncijon
of tée rough endoplasmic reticu]ﬁm. These particles=are transported

to Golgi apparatus by specialized tubules where concentratioﬁ and
& pomy ‘ .

' o . . & :
processing occurs in secretory vesicles. The vesicles then move to

<

the sinusoidal surface and lipoproteins are secreted into the space

of Disse by fusion of the vesicle membrane wiEﬁ/the hembrane of the
hepatocyte. However, molecular details of ‘the precise site of

<

'assemb1y, secretion and regulation, of the 1ipopcptein secretion are

still incomp]eteiy understood.
Apo]ipoprdtein B-48 of CM and apolipoprotein B-]OQ of VLDL are
synthesized in the intestine and liver respectively, whereas the

majority of 5bo]ipoproteins ¢ and E are acquired by transfer from

i
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"al (1982) have demonstrated that the apolipoprotein B of VLDL is

X

HDL as these lipoproteins enter the vascular systém (Jackson et al,

1976; Roheim et al, 1976). Janero et al (1984) and Siuta-Mangano et

—e ——

synthesized on membrane bound polysomes as a contiguoug/pe1ypeptide
chain and is not assembled post-trans]atiﬁnaJ]y from smaller peptide
precursors as suggested by Kuehl et al (1977) and Steele et al
(1979). There is no doubt; however that posttranslational
procéssing such as glycosylation gives rise to the distinct isoforms
of some apolipoproteins, for instancé apolipoproteins E (Zannis and
Breslow, 1981). . ) -

Low density lipoproteins originate in fhé vascular system
primari]y‘by the action of ]ipoprotéin lipase (LPL) on the
trig]yceridg rich 1ipoproteins. Nascent HDL are secreted as
discoidal molecules and differ from mature plasma HOL in
apolipoprotein and cho]es?erol@gontent (Hami1ton et al, 1976).

°

1.3.2 Remodelling of Lipoproteins

Y

Rapid modifications of the nascent plasma 1ipoproteins occur by

physﬁca] transfer of 1ipid and apolipoprotein components, and by

—

enzymétic action of LPL and 1ecithiﬁ:cho]estero1 acyltransferase
(LCAT) (Glomset, 1962; Nestel et al, 1979). Such moverfents involve
excHange:er‘transfer of PL, apo]ipoprotelns A, C and E, free
cho1este;ol qnd,CE between various lipoprotein classes either by °
specifié traﬁsfer proteins or by equilibration process. In mafr, the
transfer $f CE from HOL to VLDL and TG from VLDL to HDL is knowQ to

-be accomp]ished~by a specific cholesterol ester transfer protein

10

——
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(Pattnaik et al, 1978; Barter and Jones, 1979; Dobiasova, 1983)
which was first discovered by Zilversmit et al (1975). This protein
is not found in the rat (Barter and Lally, 1978). The enzymatic

modification by LCAT involves esterification of HOL cholestero]

‘thereby forming HDL3, which may then be transformed to HDL2 with

the generation of more cholesterol (Schmitz et al, 1982; Daerr ahd
Greten, 1982). LCAT activity along with LPL action results in a
continuous cycle of cpo]esterol esterificqtion and jrreversible loss
of triglycerides from the TG-rich 1{poprofeins; This subsequently
results in the formation of LDL agd mature HOL. Based on these
observations Eisenﬂérg and coworgers havé suggested that both LDL
aﬁd HDL are the metabolic products 6% the core and surface domains
of TG-rich ]ipoprotéins respectively (Eisenberg, 1980 -; Eisenbérg.gg
al, 1983). '

1.3.3 Lipoprotein Catabolism: .

The profile of afigpoprotein system is determjned by the sum of
three distinct processes. The first is. the physical tran;fer and
the exchange of 1lipid and apolipoprotein constituents di%cussed
aboye. Activities of ]ipo]}tic enzymes constitute the second mode
of action in thg catabélism of lipoproteins (NiTsson-Eh]e‘gg_gl,
1980). Two Tipolytic enzymes are re]eased;into the circulatory
system by intravenous adminig;rétion of he&arin; LPL from adipose
and. muscle tissue, and HTGL from wascular endothelium of the liver
(Kuusi et al, 1979b). LPL is associated with surface ﬁatrix of

.

vascular endothelial-cells through ionic interactions with cell
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glycbséminoglycans. Exten???e evidence indicates that LPL is the

-
)

. key enzyme responsible for the catabolism of TG-rich lipoproteins.
It hydrolyses the sn 1 and sn 3 ester bonds’ of TG and sn 1 ester

/ bong”of PL and CE (Nillson-Ehle et al, 1980 and Quinn et aly 1982),

o eV WM = em o e

and requires apolipﬁprotein CII for maximal aétivity (Kinnunen et
r, al, 1977; Fitzharris et al, 1981; Vainio et al, 1983).
The conversion of smai] VLDi and IDL to LDL also occurs across
; ¢ . the splanchnic bed by HTGL (Turner et al, 1981). This liver enzyme
g: ‘e - has both triglyceride hydrqlase ag well as phospholipase activity
(Enhholm et ‘al, 1975; Jansen et al, 1980). The quantitative
contribution of HTGL towards the catabolism of the TG-rich

lipoprotein is not clearly defined. Although CM are a poor

4 AN LAY POy . Ky

i substrate for HTGL, VLDL-TG are efficiently removed by this enzyme
(6oldberg et al, 1981). Nikkila and coworkers (Kuusi et al,1979)
have postulated a major role of HTGL in the conversion of HDL2 to

. HDL3
Nevertheless, the use of HTGL antiserum in the rat and cynomolgus

4

o . monkeys raises both VLDL-TG and VLDL-PL levels implying its role in

which has also been observed by other jinvestigators.

triglyceride hydrolysis (Gro%éér_gg”gl, 1981; Murase and Itakura,
., 1981; Goldberg et al, 1981;)21;L
Half-time for the c]earan;e of CM and VLDL from the plasma is
4-5 min and 1-3 hr respectively, following a meal. Catabolism of
TG-rich liﬁoprotein constitutes a two step pathway involvipg Té‘\<;\\*\\-'
removal 6y extrahepatic tissues and CE uptake in the liver.

Apolipoprotein C II ofCEhese particles activates LPL nesalting in

the release of free fatty acids and monoglycerides which then enter

o, et s

L —
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the adjacent muscle tissues and undergo either oxidation or
re-esterification (Owen and Mcintyre, 1982). As the TG core is
depleted the CM and VLDL shrink with subsequent transfer of excess
surface material, primarily PL, free cholesterol and apolipoprotein

C to HDOL (Patch et al, 1978). The resulting remnants, rich in CE

’
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and apolipoprotein B, re-enter the vascular system.. CM remnants are
taken up by tﬁgihepatic receptors and degraded in the lysosomes
(Kita et al, 1§é;}. In contrast, VLDL remnants called IDL are
further processed and converted to IDL then to LDL. This difference

s : in the fate of CM and VLDL remnant probably relates to the
~

LS O I A Y

differences in the amount of apolipoprotein B relative to that of

© . apolipoprotein E (Noel and Dupras, 1983) and to the apolipdprotein C

e+

content of the 1ipoprotein particle (wiﬁdler et al; 1980a).
Furthermore Goldstein et al (1983b) have suggested that
apo]ipopﬁbtein B-100 interferes with recognition of apolipoprotein E
by the chylomicron receptors. In healthy humans, most VLOL are
converted to LDL (Eisenberg, 1976), whereas in the rat up to 90% of

the I0L are cleared like the CM remnants (Faegerman et al, 1975;

—

Eisenberg et al, 1976; Sigurdsson et al, 1975). The VLOL secreted By

rat liver contains substantial amounts’of a protein similar to

.

. apolipoprotein B-48, a]bng with apolipoprotein B-100 (Van"t Hooft,

e xa - L L

1982) and the catabolism of apolipoprotein B-48 has been shown to

b 4
exceed the caggbolism of apolipoprotein B-100 (Wu et al, 1981;

' C Sparks and Marsh, 1981).

. — The third process involved in 1ipoprotein metabolism is based

on the presence of lipoprotein receptors on the cell membranes.

B o

. : . .
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These serve to facilitate and control the uptake of

' cholesterol-containing: lipoproteins, mainly LDL, into the cells.

’ P
These receptors are subject to autoregulation and demonstrate a high
\

degree of ligand specificity which arises from selective interaction
between receptors and apolipoprotein on the surface of lipoproteins
(Mahley and Innerarity, 1978). The liver is the major site in the
body where receptor mediated catabolism occurs, at least in

apima]s. Mahley and collegues have demonstrated the presence of two
distinct type of lipoprotein receptors termed as apolipoprotein E

LS
and apolipoprotein BE. Apo]ipoprotein E receptors are limited to
the iver.and have a high affinity for apolipoprotein E containing
lipoproteins including TG ¢ich remnants, whereas apolipoprotein BE

receptors are synonymous with LDL receptors (Mahley et al, 1981; Hui
et al, 1981).

The pioneer work of Goldstein and Brown has led to much of our
understanding of the LDL cataeplic pathway. LDL binds to the high
affinity receptors in spefific regions of p]ésma membrane called
coatéd pits by recognition of apolipoprotein B 100 component of
LOL. These pits invaginaté into the cells and pinch off“to form
endocytic vesicles which then fuse with lysosomes and complete
delivery of LDL-cholesterol. Exposure of the LOL particle to -
lysosomal enzymes résblts in the dggradation of aﬁo]iboproteips and
thg‘hydro]ysis of CE by acid lipases. The cho]ésterol thus
1iberated-leaves lysosomes for use in cellular processes. Ihis

pathway coordinates the intracellular and extracellular sources of

cholesterol and maintains a constant dintracellular level of




cholesterol primarily by régu]ating the enzyme
hydroxymethylglutaryl-CoA reductase. The mechanisms directly
involved are incompletely understood (Go]dstein and Brown, 1977;

Brown et al, 1981). About two thirds of the LDL particles are known

C AR o VR & gt -

to be metabolised after binding to specific receptors located on the
surface of liver and other body cells. In normal humans the
remaining one“third of the LDL is metabolised by alternative

receptor-independent mechanism (Goldstein and'Brown, 1§83a). .

¢

- © -1.4 Metabolic Effects of Oral Contraceptive Steroids on lipids:

e e 2

Of all the metabolic effects of oral contraceptives, the

disturbance in 1ipid levels initially caused greatest concern
g

primarily because of a possible association between altered 1ipid

—y

A 4 T A R

Tevels and atherogenesis (Stamler, 1967; Kannel et al, 1971; Bliss -
1 gta

et al, 1972). y
¥
In premonopausal women, the endogenous sex hormone activity

results in lower plasma levels of VLOL, LDL and apolipoprotein B,

4 (N

while levels of HODL, HDL2 and apolipoprotein A are elevated

compared to levels in men.of similar age (DeGennes et al, 1983).

ot

towards male values and during sixth decade of 1ife women may
%

develop even higher LDL-CHOL Jevels than men. These differences in

e T G,

1ipoprotéﬁn and apolipoprotein concentrations probably play a key
¢ role in protecting women against atherosclerosis development during

fly ‘the duration of ovariah.activity.‘ The relatively low incidence of

coronary heart disease (CHQ) and thrombotic stroke in premenopausal

After menopause the lipid gnd'Eipoprotein values change in direction’

15
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womeh compared with age-matched men and increased incidence of these
diseases after menopause has been well established (DeGennes et al,
1983; Kanne} et al, 1976; Rifkind et al, 1979).

In 1966, Wynn et al (1966) first reported higher serum CHOL,
TG, VLDL and LDL levels along with an increa§e in atherogenic index
in women using combined oral contraceptives. Since then, varying
metabolic effects of estrogens and progestins separately and in
combination have been reported. Effects of estrogens are ;elatively
better understood compared to those of progestins.

It is known that small amounts of synthet{c and eéuine
estrogens raise the plasma triglyceride levels (Stokes aﬁd Wynn, iﬁﬁg
1971, Glueck et al, 1975); rising estrogen potency is positivelf
associated with plasma total and VLDL-TG levels (Wynn et al, 1982;
Knopp et al, 1982). Kudzma &t al (1979) have demonstrated marked
quantitative and qualitative changes in plasmad ]ipopréteins and
apolipoproteins in estrogen-treated chicks. On the other hand,
estrogens either increase or produce no change in plasma cholesterol
levels, but usually an increase in the plasma HDL-CHOL: LDL-CHOL
ratio has been observed (Furman et al 1967; Tikkanen et al, 1978).
Wallace et al (1979) and Tikganen et al (1981b) have reported‘thaFf
est}ogen reduced the LDL-CHOL levels in postmenopausal women. -
Studies %of Wallentine et al (1977)_ also suggested a HDL-CHOL
elevating and LDL-CHOL reducing effect with estrogen use. -
Adminisfratio;'of the'major human natural estrogen, 17 g-estradiol

'in large amounts, is also known to increase serum HDL and lower LDL

Tipoproteins in postmenopausal women (Wallentine et al, 1977,
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Tikannen et al, 1979 ). In contrast to synthetic estrogens,
estradiol valerate does not seem~to alter the plasma triglyceride
levels at least in oophorectomized women (Nielsen et al, 1977;
Bostgfte, 1978). It has been suggested that oral contraceptives
formulated with natural estrogens induce less significant and
qualitatively more benign changes in“serum lipids and lipoproteins
than synthetic egtrogens (Bostofte et al, 1978; Wallentin and
Larsson-Cohn,, 1977). o

Reports on-the action of various progestogens are less clearly
defined because their ultimate effect depends on the combined
estéogenic, antiesterogenic, androgenic and progestatioﬁa]
properfies (As@wood, 1970). The administration of androgen leads to
higher LDL-CHOL and lower HDL-CHOL levels with little change in the
total plasma“cholesterol concentration (DeGennes et al, 1983;
Solyom, 1972). Some progestins, norgestrel and norethindrone

-

acetafe, exhibitQ?qch androgenic influences (Hirvonen et al, 1981;

Silfverstolpe et al, 1979), whereas progesterone and pregnaqg§‘§udﬁ'l

as medroxyprogesterone have insubstantial effects on TG and CHOL
levels (Silfverstolpe et al, 1982; Crona et al, 1983) in keeping
with~their much lower androgenic action. Most invest?gators have
repo;;gg\a decrease in HDL-CHOLV(Larsson-CohnlgE_gl, 1982F58rad]ey
et al, 197?3), particularly HOL,-CHOL. levels V(T"ikkanen et aly
1981a) with androgenic progestins. The users of combined oral
contraceptives show HDL-CHOL values that are interme%ii{e between
those reported by the administration of estrogens apd progestin .

alone, increasing with higher estrogen potency and decreasing with

17
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progestin predominance of the preparation (Bradley et al, 1978;
Knopp et al, 1982; Wynn et al, 1982). The HDL-CHOL-lowering ability
of progestins is further_supparted by studies in which they were
administered to estrogen-primed women (Goldzieher et al, 1978).
This could partly arise from suppression of estrogen production by
the ovaries during progestin treatment besides their androgenic
property (Robertson et al, 1981). There is now a growing body of '
evidence which indicates that reduced‘HDLJEHOL‘%dhcentration is a
strong and independent risk factor for the development of
atherosclerotic manifestations (Miller et al, 1977; Gordon et al,
1977; Carlson and Ericsson, 1975).

In contrast to the reduced HOL-CHOL levels,
néfgestre1-containing oral contraceptives lead to elevated
VLDL-CHOL/TG and LDL-CHOL/TG ratips (Knopp et al, 1982).

t al (1979) have"reported higher LDL-CHOL and LDL-TG

Silfverstolpe
levels with medroxyprogesterone and levonorgestrel use
respectively. Further, Oster et al (1982) have shown elevated
LDL-apolipoprotein B levels in oral contrabéptive users, the level [
rose consistently with longer duration of use, although, no effect
on LDL-CHOL was observed. L

Studies in pqstabsorptive women suggest that progestational
compounds lower Erig]yceride levels both in normal and
hypertriglyceridemic subjects (Fallat and Glueck, 1974). Cheng and
wolﬁe (1933) have .reported a hypotriglyceridemic effect of the

progestin, norethindrone acetate in female rats. Anothér report by

Glueck et al (1969) also supports this finding by showing




[

consistently lower triglyceride levels in normal and
hyperlipoproteinenic women during norefhindrone administration.
Reports on the influence of norQéstre%Tébnt;ining oral
contracébtives on triglyceride levels are somewhat conf]icging.
Most investig;tors find that norgestrel lowers serum triglyceride

levels (Nielsen et al, 1977; Robertson et al, 1981; Spellacy et at,

11974), although some have failed ta confirm this finding (Foegh et

enAE ey -

e s S e

al, 1980; Rossner et al, 1979; Roy et al, 1981; Pribicevic et al,
1979). This discrepancy likely relates to the type and dose of
estrogen used in the formulations as estrogens tend to oppose the
effects of progestins on plasma lipid and lipoprotein levels (Beck,
1973). Nevertheless, n&fgestre] use has been shown to be associated
Lith a triglyceride lowering effect subsequently balancing the
estrogen mediated increases during combined oral contraceptive use
(Wynn et al, 1979).

The mechanisms underlying the altered 1ipid levels in
contraceptive use are not clearly understood. Estrogens have been
shown to increase hepatic triglyceride synthesis by a number of
investigators (Kim and Kalkhoff, 1975; Weinstein et al, 1978; Glueck
gg_éi, 1975). This could be fueled by increased availability of”
glucose and free fatty acids observed in estrogen therapy or by a
Tower glucagon/insulin ratio (Beck 53_31, 1975; Javier et al,

19%8). Induction of activity of the hepatic microsomal enzymes is
also possible (Coleman et al, 1977). On the other hand, several
studies have reported depressgd post-heparin lipolytic activity,

specifically reduced HTGL activity (Glad et al, 1978; Fallat and

3
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Glueck, 1974; Applebaum et al, 1977). The latter changes are less “u,
i]ikely to be associated wit; hypertriglyceridemia because it is
difficult to establish a correlation between TG levels and HTGL
activity (Applebaum‘_z_gl, 1977; Reardon et al, 1982b; Tikkanen et
al, 1981a). '

By contrast to estrogens, progestin§ may act by inhibiting TG
synthesis and secretion as demonstrated in the rat (Cheng and Wolfe,
1983) or in swine (Wolfe and E;ace, 1979). Several studies have
reported hyperinsulinemia and insulin resistance (Wynn and
Nithyananthan, 1982) and even decrease in insulin re;;ptors with the
use of norgestrel (DePirro et al, 1981). However they failedsto
observe any changes in TG levels. On the other hand, Kekki et al,
§]971).proposed that the progestational compoﬁent of the oral
contraceptive was responsible for i@greased triglyceride clearance,
which was balanced by an inciement in VLDL-TG synthesis Ey the
estrogen component in normal women. Glueck et a], (1969; 1973) also
attributed decreased TG level with n;refhindrone acetate '
administration to increased post-heparin iipolyti; activity.
Tikkanen et al, (1981a) have reported increased HTGL aclivity during
norgestrel administrat{oz; this was however correlated negatively

with HDL-CHOL levels. The effects of these hormones have recently

been reviewed by Wolfe (1983).

1.5 Oral Contraceptives and Complications

This section is concerned.with the complications ascribed to

oral contraceptive use. One should bear in mind, however, the

————e |
'




interactive and synergistic nature of various risk factors for
ischemic diseases. Adverse effects on the vascular sjstem'
C(atherogenesis and venous clotting) appear to be the most important

unwanted reactions of current oral contraceptive usage. The

combined multiple effects of multi-risk factors such as cigarette

smoking, hypertension and obesity have Eeen shown to be synergistic

(Mann et al, 1975b).
Jordan (1961) was the first to suspect the thrombogeﬁic effect
—of the pill, which was later confirmed by a 1a§ge study undertaken
by the British Medical Research Council (Inmaﬁ and Vessey, 1968;
Inman’et al, 1970). Epidemiological studies report an excessive
risk of cerebrovascular disease, venous thrombos}s and pulmonary
embolism among oral contraceptive users versus users of diaphragms
and intrauterine devices (Vessey et al, 1976; Petitti et
g;, i978). A recent repo}t by the Royal College of General
Practitioners (1981) also showed that the overall death rate of
ever-users of oral contraceptives was 40% ;igher than controls,
mainly due to diseases of the circulatory system. On the other
hand, studies of Drill and Calhoun (1968) and Fuertes-de-la-haba
(1973) have faiied to confirm the aboVe f"iq&’ings.ﬂflb
/éySPected to be responsible for the

I
thrombogenic effect. of the pil]{(Sto]]ey_gE_gl, 1975). The Royal

The estrogenic component is

College of General Practitioners (1967), in a prospective study,
reported an increase in the -incidence of superficial thrombosis as ~
the dose of estrogen increased. Further, the frequency of

¥
thrombosis was higher in women given diethylstilbestrol (Raniel et




.

al, 1962) and in men on estrogen treatment for myocardial infarction
(Cdron;ry heart project, 1@73), Gow et al (1971) also reported high
incidences of venousldisease_in oophorectomized women treated with
ethinyl estradiol. The abgve méptioned studies were done Q%th
relatively larger doses ofgestrdgéns. Studies performed later
(Stolley'et al, 1975) supported the idea that lower dose of the
estrogen component was associated with lower thromboémbo]ic rjsk.
-;«.%However, studies of Bottiger et al (1980) failed to show a reduction
\n the frequency 8? arterial coﬁp]ications with the use ofilower
dose of estrogen.

Enhanced blood coagulability due to impairment of fibrinolytic
activity may contribute to the inciease in thromboembolism in oral
contraceptive users. Qral contra&eptives/ﬁéy act by depressing the
fibrinolytic activator content below a eritical 1evé1 (Astedt .
1971). Coagu]aéion factors,~fibrinogen II, VII and X are higher in
women using combined oral contraceptives but changes are more
pronounced with most estrogenic preparationﬁﬂ(Meade, 1982). On the
other hand, change in cdagu]ation has not been observed with.gse of‘

gestagens (Nilsson and Ku]landgr,’]9é7). However, the cbmprehensive

. X e o AN
review by Mammen (1982) suggests that the &ssociation between.oral
- )

~

contraceptive use and hemostasis system is still not clear,,

) . 4
. The use of oral contraceptive is also positively correlated to
’ ¢ t / 5 o
the occuraffce of myocardial infarction, particularly in women for
} e

whom the risk is increased because of other factors such as obesity,
hypertension and diabetes (Mann and Inman, 1975; Shapiro et al,

1979). Most of prosbéctive and Ease control studiés investigating

3
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3 * the association between myocardial infarction and oral contraceptive
p——— use are consistent. They°show a consistent risk ratio ranging from
3 to 5 fold for oral contraceptiVe users (review by Sartwell and

: Stolley, 1982).

-

o

It has been recognized that the high circulating- level of HDL

Amay have a.protective effect against the development of -

-

CIT e e ycnmenp

; atherosclerosis (Plunkett, 1982). There js much evidence that' given
alone progestins with androgenitc influence e.g. norgestrel, and to a
\ \ "lesser extent norethisterone and nmorethindrone acetate, Tower the

HDL-cholesterol levels. Thig has raised some concern for oral

) contraceptive:u§ers (Bradley et al, 1978; Wingrave, 1982; Kay,

o

1982). The mean serum 1e§els of HDL-cholesterol in oral
o

contraceptives users show a striking inverse relationship to the
rate of reporting of arterial diseases and to the progestogenic

g activity of the pill (Kay, 1982). .

Hypertension occurs infrequently in women using oral

[y

contraceptiyes (McQueen, 1978). A recent study by the Royal Co11e§e ‘

B

-

of General Practi;idners (1957) has shown a correlation between the
frgquency of hypertension and the progestogen activity of oral
; "y contracepti;e. Wingrave (1982) supported this vjew by showingﬁtﬁ%t
norethisterone and levonorgestrel led to higher incidence of
hypertension. ‘Ih contrast, the finding§ of anggs and Brigés (1976)
contradict the above view. .They observed less striking cEanges in
the vessel wall with 30 ug compared to 50-ug estrogen, implying

i a role for estrogen in hypertension.
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The relationship between oral contraceptive use and cancer .has
been Fxploﬁed by many investigators with varying conclusions. Orey
g}_g}_(]QT&) reported in a large follow-up study, that the usé gf ,
oral contraceptive abbeared to lower the risk of fibrocystic breast
disease. Iﬁcreasing progestogen content was protective of benign
breast d%seasé} However, the risk in preparous women was increased
with oral contraceptive use (Harris et al, 1982), Fasal and
Paffenbarger (1?75) have suggestgg that the course of ma]dgnancy b
process may be accelerated if traggformed'ce1]s are presenf auring
orals contraceptive use. Also, sequen?ifl oral contraceptives have ‘
been reported to be predispose towards\endometria1 carcinoma (Kelley
et al, 1976; Silverberg and Makowsk i, 1975; Vessey et al; T979). In
general, the ultimate effect of the oral cont?a&ept?ve pill depends
on the type and qose of progestin and estrogen used iﬁ}its

formulation. ’ v

-
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* CHAPTER 2

EFFECTS OF D-NORGESTREL AND 17 8-ESTRADIOL ON PLASMA LIPID
"AND LIPOPROTEIN LEVELS IN THE RAT

2.1 INTRODUCTION < e
Wad
d1-Norgestrel (Ng) has been widely administered to women in the

. .

-form of oral contraceptives (f}ler, 1974). _Reports concerning the

«

influence of di-Ng containing medi;ations on serum lipids are
conflicting. This has been reviewed in section 1.4 which also
summarjzes the effects of estrogens.

The present studies were undertakeﬁfto examine the effects of
d-%g, and 17 s-estradiol separately on plasma 1ipid and

PREAFRSIY

lipoprotein levels in fed female rats in vivo.

-

2.2 MATERIALS AND METHODS c

2.2.1 Materials

Sprague Dawley rats (0, 250 g) were routinely purchased from
Cﬁar]es River Canada, Montreal. Rat-chow was obtained from Ralston.
Purina Co., Minneapolis, MN. Wyeth Ltd., Toronto, ?nt. supplied
d-Norgestrel. 17tB-Estragiol was purchased from Sigma Chemical '
Co., St. Louis, M. Absolute alcohol was supplied by Abbott
Laboratories Ltd., Canada. Somnotol (sodium pentobarbital) wés
obtained from M.T.C. Ph&%maceuticals,4Hamj1t0n¢ Canada. Precilip
lipid standards for quality contrOl.were obtained from

Boehringer-Mannheim, Dorval, Qhe.
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2.2.2 Preparation of Animals .

Female Sprague-Dawley rats (250-2759) were housed individually
in metal cages with wire mesh bottoms, in an air-conditioned room
with cortrolled temperature and 1ighting. A1l rats were fed rat
chow pellets for 5-6 days after arrival, and were then transferred
to the experimental diets. Each rat in the d-Ng group received an
average daily dose of 1.4 ug d-Ng (4 ug/day .kg body wt 0'75,
Z'Qeéks), a dose comparable to that used for Human contraceptive
purposes. The estradiol-éreated rats were prepared by feeding 40

ug 178-estrad}o] daily (106 ug/day .kg body wt
days), a dose comparable to that used for the postmenopausal
estrogen replacement therapy. The control groups received the
placebo diets. The experimental diets were prepared by adding d-Ng
or 17 s-estradiol, dissolved in absolute ethanol to one piece of

rat chow; ethanol was then evapor;ted. The control diet was treated

with an equal amount of ethanol which was likewise removed by

evaporation before being fed.

#
N

2.2.3 Experimental Procedure . \
Experimental and placebo portions of the diet were‘first fed to
each rat between 6:00 to 11:00 PM and the rats were observed until

it was completely consumed. Thereafter, rat chow was available ad

libitum to both groups. Water was available to rats at all times.

The rats received a fat-free diet for 12 hr prior to sacrifice to

eliminate chylomicrons from plasma. The fat-gree diet was prepared

-

in the lab. It was sfmilar to that used by Hoehn and Carroll (1979)
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and is shown in Table 2.1. Tﬁe rdw materials used for the fat-free
diets were generously donated by Dr. K. K. Carroll, Department of
Biéé%emistry, University of Western Ontario. The rats were
meﬁesected after administering a sodium pentobarbital injéction (13
mg in 0.2 m1) intraperitoneally. 10 ml of blood was drawn by aortic
puncture either using a heparinized s;ringe or it was collected in
tubes contained EDTA (1mg/m1). The pTasma was obtained by
centrifugation %or 20 min at 2000 rpm, 4°¢.

s 4
2.2.4 Lipid Analysis

1 ml of pxasma was transferred into 20 ml of
chloroform:methanol (2:1, v/v, Folch et al, ]&§7) for lipid
extraction. The lipoproteins were isolated from 2-3 m1 plasma by
sequential ultracentfifugation by the method of Havel et al (1956).
Aliquots of the chloroform pHase were aspirated from Folch mixture
to determine cholesterol (Sperry and Webb, 1950) and phospholipids
(Bartlett, 1959). Activated silicic acid (0.5 g) was added to the
chloroform phase to obtain triglyceride extract. The tube was mixed
and centrifuged at 1500 rpm for 5 min to sediment silicic acid with
phospholipids adsorbed on its surface. The triglyceride content was
assayed by the method of Carlson (1963). Precilip (control sera)
was used as %nter;al staédard in all Tipid assays. The lipid levels
were corrected for recovery of losses incurred during

ultracentrifugation.




Composition

Ingrediénts®
Caselgr(Vitamin free)
Dextrose

Celluflour

Salt Mixtureb

Vitamin Mixturecrf

-
e <2

TABLE 2.1

of the Fat-Free Diet

18.0
72.8
5.0
4.0
0.2

. @ The vitamins, salt mixture and "vitamin free" casein was

obtained from ICN Life.Sciences Group, Nutritional Biochemicals

Division, Cleveland, Ohio.

Dextrose mohohydrate was obtained

from Teklad Test Diets, ARS/Sprague-Dawley Division of Mogu]l

Corporation, Madison, WI,
Supply House, Chicago, II.

and Celluflour from Chicogo Dietitic

b Salt mixture as describedfby Bernhardt and Tomarelli (1966) =
provnded 6.0g ca]c1um,h] 8g potassium, 0.5g sodium, 0.4g

magnes1um 5.0g phosporous, 0.59 chlorine, 0.33g sulfur, 0.025g

iron, 0.0129 zinc, 0.05g m
iodine per Kg of diet.

C Composition: Thiamine Hcl,
biotin, 1.0°mg; r1bof]av1n

choline bitartrate, 1800 md;

anganese, 0. 0059 copper and 150 mg

10 mg; pridoxine - Hcl, 10 mg;
» 10 mg; nicotinic ac1d 60 mg;
calcium pentothenate, 40 mg; folic

acid 5 mg, vitamin Bjp, 0.05 mg; ascobic acid,. 75 mg; vitamin

A, 65 mg (13000 IU) as est
acetate 75 mg; vitamin D3

mg pér kg of diet. The composition was similar as described by

Greenfield et al (1969).
ﬁrepared and added to the

er concentrate; DL-a-tocophery]
(1220 1U), 3 mg; vitamin K3, 1.0

The water soluble vitamin's were
diet as described by Carroll (1967).

-

»
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2.2.5 Statistics. ™

3

Differencés between the d-Ng and 17 g-estradiol groups were
compared to their respective control groups and were evaluated
according to Sneaecor and Cochran (1967) using the'unpaired two
tailed 't' test . Variance is expressed as the standard error of

the mean.

2.3 RESULTS

2.3.1. Effects of d-Norgestrel on Plasma Lipid and Lipoprote%n

Concentrations in vivo.

d-Ng administered for a period of 2 weeks at a dose of 4

ug/day.Kg body wt 0.75

showed a significant re@uction in the

plasma total TG concentration compared to controls. In contrast,
the plasma total CHOL concentration was significantly elevated in
the freated group. PL levels were unaffected by the d-Ng treatment

(Table 2.2).

The Tower mean plasma concentration of TG was attributable to t

the significantly lower mean concentration of VLDL-TG. The
concentration of VLOL-PL fell in proportion to the decrease in
VLOL-TG. In contrést, elevated CHOL levels were reflected in the
significantly increased LbL-CHOL levels in the treated rats.
Concurrently, LDL-PL were also significantly elevated by d-Ng

—————
treatment (Table 2.3). However, no significant differences were

il o
found befhgénvcontro] and treated rats_in the concentrations of CHOL

‘ and PL in HDl'or its subfractions.

A




ot ‘ TABLE 2.2

30

EFFECT OF d-NORGESTREL ON THE CONCENTRATIONS -

OF PLASMA LIPIDS® IN VIVO IN RAT

»

S

o i

TOTAL _
' ‘ .’E;ROUP TRIGLYCERIDES CHOLESTEROL PHOSPHOLIP IDS
. Qe ’
1 Contro]l 34 £ 2 46 * 2 ¢ 2 t 4-
(n=7)
; Norgestre1© 25 + 3P 54 + 40 67 + 6
(n=7)

@ Mean * SEM (mg/d1)
b Significantly different from control group, (p<0.05)

¢ Rats treated with d-norgestrel (ﬁ ug/day kg body wt

0.75,
)
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2.3.2 Effects of 17g-estradiol on'plasméiﬁipid and lipoprotein

concentrations in vivo

4

Female Sprague-Dawley rats were treated daily with a dose of

106 ug 178-estradiol/day.kg body wtl*’>

for.18 days. The

plasma TG, CHOL and PL concentrations were 6ot significantly
dif%erent in the 17 g-estradio) treated rats coﬁpared to controls
(Tables 2.4 aﬁd 2.5). Further, there were no significant changes in
iipid concentrations of the different lipoprotein fractions between
the fQo groups at the end of the experimental period. It is
notewdrthy.thqt the two sets of con;ro]s differed in the plasma TG

and PL concentrations (Tab]es~2.2 and 2.4), though the explanation

is unclear.

2.4 DISCUSSION

The present study was done to outline the effects Af d-Ng and

17 s-estradiol on lipid levels in the fed female rats. The

results obtained demonstrate that a conventional dose of d-Ng given
alone significantly lowers rat plasma trig]ycerjdes, wh{le e]evating‘
plasma cholesterol levels significantly (Table 2.2). The reduction
in plasma TG is attributable £o a significant reduction of VLDL-TG
(Table 2.3), compatible with the hypothesis that VLDL is the main
carrier lipoprotein for TG in the vascular system. The parallel
reductions of VLDL-PL and VLDL-TG (Table 2.3) suggest that the
lowering of VLDL is attributable to the reduction of the number of
VLOL particles rather than formation of abnormal VLOL particles.

Therefore, d-Ng did not ‘seem to alter the 1ipid composition of the

VLDL particle.
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TABLE 2.4
EFFECT OF 17 8-ESTRADIOL ON THE CONCENTRATIONS®
OF PLASMA LIPIDS IN VIVO IN RATS
TOTAL
GROUP TRIGLYCERIDE " CHOLESTEROL PHOSPHOLIPIDS
Control 86 + 10 ' 46 + 3 103 ¢
(n=8) .
17 8-Estradiol® 70+ 8 41 £ 2 88 *
(n=8) .
A Y
 Mean = SEM (mg/d1)
b pats treated with 17 g-estradiol (106 wg/day, kg body wt °*7°)
-

e
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The hypotriglyceridemic effect of d-Ng is comparable to the

effects reported for progestin nor;thiﬁdrone qcétate in female rats
(Cheng and Wolfe, 1983)1 d-Ng is known to be(more potent than
norethindrone acetate (Edgren, 1969) and it i$ noteworthy that a
much smaller dose of d-Ng was required to profluce a TG-lowering
effect compared to the dose of norethindrone acetate (4 vs IOD-

. ]
0‘75). The present finding is consistent with

ug/day. kg body wt
the observations of Nielsen et al (1977), Robertson_gi_gl;(IQSI)
and Spellacy et al (1974) that Ng reduces serum TG in women.
However, the findings of Rossner et al (1979) and Pribicevic et al -
(1979) differ from our results. This may‘Pe dug to the fact that
both the latter studies were per}ormed with comgined oral
contraceptives. It is well known that’estrogens cou;teract the
effects of progestins on plasma lipid and lipoprotein parameters
(Beck, 1973). °

In contrast to the hypotrig]yceridem}c éffect, d-Ng elevated -~
plasma tokal and LDL CHOL levels (Tables 2.2 and 2.3). Knopp et al
(1982) have also observed a LDL-CHOL-e]evating'efféct by this
progestin. Although, LDL is not the major cho]estero]-carry1ng o -
Tipoprotein in the rat, changes in LDL-CHOL level occur in both -
propy]th1ourac11 induced hypothyroid rat and estrogen treatment, of N
normal rats (Sykes et al, 1981; Davis and Rohe im, 1978). A number{
of investigators have reported that Ng lowers the HDL-CHOL levels in .
women (Bradley et al, 1979; Wynn et al, 1982). prever?’in ihis‘?

study no effect of d-Ng on rat HDL-CHOL levels was observed.
d-Ng showed opposite effecti/pn TG and- CHOL concentratﬁons 1n

VLOL and LDL fract1ons (Table 2. 3) respect1vg1y. Thése resu]ts are

S A
¢ . e H
Y .
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comparab]e to the observat1ons of Tama1 et al (1979) who -

" and Bersohn, 1961; Waddel and Fallon, .1973

lipid and_11poprote1n synthesis and secr¢t1on and/or enhanced

' ‘1s known to aé; by. suppress1ng the hepat1c VLDL synthes1s and

o~

* N

-~
7

demonstrated VEC1pr6ca1 changes of LDL- CHOL occur1ng w1th reduct1on
of VLOL-TG fﬁ type I{iand type i1b hypertr1g1ycer1dem1c patlents
treated with oxandrolone.. Similar changes’ between concentrat1ons ot;
VLDL and LOL have also been reported fo]]ow1ng clofibrate
administration (Wilspn and Lees, ]972)

The measurements.of serum ]ipids were made under fed state
conditions using a fat-free diet which excluded the effect of

chylomicrons from the circulation which wouTd have confounded the

interpretation of the results. Althoygh lipogenesis from - .

v

_carbohydrate is likely to be enhanced by,a;ﬁat-free dtet (Antonis

,Ethe diet was same for

¢

. .both Ng-treated and control rats. Control of diet .allowed one to

>

ascertain the'effect of the dsNg a]one. ' f\/f’

The otent1a1 mechan1sms respons1b1e for changes in lipoprotein
4
concentratﬁons during d -Ng treatment could include lower hepat1c

PO

CIearance of‘VLDL from plasma. Tpe proéestin norethindrone acetate

v

B "-*-4.,

secret1on in the rat (Cheng and Wolfe, 1983) and swine (wo]fe énd

Grace, 1979) 41m fﬁe Kalkhoff (1975) and we1nste1n et al (1978)

attr1buted the estrogen 1nduced hypertr1glycer1dem1a to increased

hepatic tr1glycer1de synthes1s. However, changes in postheparlnQg

«

11po]yt1c act1v1ty, spec1f1ca1ly HTGL have also been observed with

_estrogen treatment (Fal]aeoand Glueck, 1974, App]ebaum et a] 1977).

T1kkanen et a] (1981a) have shown that HTGL is elevated in women

36
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Aadmxnistered Ng However, the phys1o]ogwca1 s1gn1f1cance of changes
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"Alternaf%ve]y, higher LDL-CHOL could result from jncreased direc;

‘alterations in TG, CHOL and PL levels in plasma 1ipid and

©

in HTGL, are difficult to evaluate because it seems to be more

closely related to HDLé levels rather than triglyceride levels

" (Tikkanen et al, 1981a; Rearddn et al, 1982b)¢ On the other hand,

d-Ng may elevate LDL-CHOL by a direct effect on the LDL receptors

imﬁairing LDL uptake by ‘the receptor-mediated endocyfosis.

-

synthesis and/or inc}eased input of LOL from the VLDL catabolic !

- -

pathway.

a

17 g=Estradiol treatment did not producé any significant

l}poprétein fractions.(Tables 2.4 and 2.5), although a tendency

.

towards LDL-CHOL reduction was observed. Synthetic estrogens in low .

doses* are known to produce a hypertrié]yceridemic effect in some \\\\
’ , ‘ N
species (Glueck et al 1975). However 17 B-estradiol does not

(72 L]

increase triglycerides even in higher -doses (Glueck et al, 197;;
Gustafson et al, 1972} Nielsen et al, 1977f. Our results were
cgmpatﬁg]e with this finding. Furthermore, no chahges in HDL-C&QL
concentrations were observed, unlike the findings of Wallentin et al

&

(1977). 4 o ‘

S
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‘ o ' CHAPTER 3

~

_ EFFECT OF d-NORGESTREL ON TRIGLYCERIDE
SYNTHESIS AND SECRETION BY ISOLATED RAT HEPATOCYTES

~

3.1 INTRODUCTION

Treatment of femate rats with conventional doses of d-Ng
produced a hypotrig]ycéiidemic and hyperchoTZStero1emic.effect as
shown in the previous chapter. The reduction of TG in VLDL was
mainly re;ponsible for the lower plasma TG levels. However, the mode
of action by which d-Ng exerts these effects is poorly understood.
Possible mechanisms that cod]d underline the altered Tipid levels
were dealt with in section 1.4. An important role was suspected for
phe d-Ng on the liver in trig]ycer%de synthesis and secretion. This
chapter describes further experiments that were designed to
1nvest1gate the acute effect of d-Ng on liver lipid metabo11sm.

; It was chosen to investigate this using suspensions of isolated
rat ﬁepatocytes’td examine the incorporaéion 6f Jébelled precurso;s
iqto triglcerides. In bhisgﬁhapter, evidence is presented which
suggests that d-Ng suppresses theé hepatic trjg]yceride synthesis in a
dose-dependent manner. This mechanism could account at least for

part of the lowering of plasma VLDL observed during d-Ng

administration.’

<x¥
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3.2 MATERLALS AND METHOBS.

3.511 Materialg .

(9, 103H(N)] Palmitic acid (12 Ci/mmol) and.[U-]4C] glycerol
(12 mCi/mmo1) were purchased from New England Nuc]ear Corp., Boston,
MA. Collagenase (Type 1) was obtained from Millipore Corp.,
Mississauga; Ont. and waymo&th‘s medium (MB 752/1) was supplied by
Gibco Canada, Burlington, Ont. Porcine albumin (fraction V), HEPES
(N-2-hydroxyethylpiperazine-N-2-ethanesulfonic acid), TES (N-tris
[hyd}oxymehthy]] methy1-2-aminoethane sulfonic acid) and TRICINE
(N-tris thydroxymethy]] methyl glycine) were purchaséd from Sigma
Chemical Co., St. Louis, MO. Trypanmdblue was 6btained from Matheson
Coleman and Bell Manufacturing Chemists, Norwood, OH. Thymol qlue,

Methanol (HPLC gradef'and chemical reagents of analytical grade were

‘purchased from Fisher Scientific Co., Fair Lawn, NJ. Millipore

filters 0.5 micron were purchased from Mellipore, Bedford, MA.
SEP-PAK g cartri?éés were obtained from Waters Scientific,

Canada. SP-Sephddex C.. was purchased from Pharmacia Ltd.,

25
Montreal, Qge. 8

3.2.2 Preparation of Hepatocytes

Female Sprague-Dawley rats (200-250 g) maintained on rat chow
wé}e used for preparation of hepatocytes by the méthod of Seglen
(1976). Glucose (10%, w/v) was added to the drinking water (to

maintain a fed state) for 48 hr prior 'to sacrificing the rats. The

~rats were anaesthetized with an ingraperitoneal injection of sodium

pentobarbital.(13mg in 0.2m1). The abdomen was opened by a U-shaped

39
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ns erse\jncision and the intestines were displaced to the left side
of ominal cavity. The.portal vein was cannu¢a£ed with
ethylkne tubing (I.D. 0.044 and 0.D. 0.065 inches) and -
subseagdently another cut was made in they]ower vené cava to permit

peFfusate efflux. In situ perfusion of the liver was performed at a

rate of 50 m1/min with oxygen saturated Ca2+—free buffer maintained

2

at 37°C to wash out the blood. While perfusion with Ca +-free

buffer continued, the 119er was carefully removed from thg carcass
and placed on gauze. sponges on top of a plastic dish with an outlet.
The liver was then perfused with recircu]atiﬁg co]lagenasé’buffer at
a rate of 50 ml/min; during this time a marked swelliffig of fhe liver
was observed. This was followed by transfer of the liver to a Petri
dish containing 75 m1 of cold suspension buffer in which cells were
Jiberated from the connective-vascular tisSue after removal of the
outer membrane of the liver. The cell suspension thus obtained was
filtered through a cheese é]oth to remove Eonnec&ive tissue debris.
Further purification of the parenchymal cells &as accomplished
by incubating the cell suspénsion in a gently- shaking water bath at
37°C for 30-min, followed by cooling to 0°C on ice for 5 min.
The cell suspension was again,filtered thr;ugh a %Peese cloth,
distributeq equally between four round bottom test tubes and
centrifuged four times at 400 rpm for B\Tdn. Each timeothe
supernatant was discarded and £he-pe11et resuspended jn lZ%bml of the
washing buffer. The ﬁurifigd cell pelfet was finally filtered and

resuspended in a volume of Nayﬁouth's medium to obtain a cell

concentration of O.g,-O.SXlO6 cells/ml. Vviability, determined by
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the tryQ;n blue dye exclusion test, ranged from 60-90§§(mean 7]i3%)
and th% final intact hepatocyte 'yield ranged from 0.1 to 1.0X108
cells per 1iver.‘ The composition of various buffers used is shown in
Table 3.1. ° ‘

=

3.2.3 Incubation of Hepatocytes

Each set of control and experimental preparations were carried
out with cells freshly isélated from the same rat liver. In a
typical experiment, incubationf/were carried out in a shaking Qater
bath at 37°C with hepatocyteé/suspended in Waymoyth's medium in the
présgnce or absence (contro]) of d-Ng. 25 uCi of [9, 10%H]
palm%tate (cémpﬁexed to porcine albumin, molar ratio approximately
1:1) and 25 uCilgf [U-]4C] glycerol were subsequently added to
the medium and incubations continued for a 60 min time study. 50
uM palmitic acid complexed to albumin was also angdfngjju;Jnediuﬁ
(both exberimenta1,9nd control) in some experiments. Three m)
sample¥of the suspended cells were removed at 0, 30, and 60 min and
centrifuged at 3500 rpm for 15 min at 5°C to sediment the g;\[z:
The pellet (suspended in 0.5 m1 ice cold saline) and 1.0 m]«off%he
supernatant, contaiping lipids secreted or released from hepatocytes,
were each extracted with 10 ml chloroform: methanol (2:1, v/v) for

determination of 1ipids.

3.2.4 Determfnation of Radioactivity

The chloroform layer of the chloroform:methanol extract of the

lipids obtained from both the hepatocytes and the medium in which

41
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' o TABKLE 3.1
|
{ COMPOSITION OF BUFFERS USED FOR ISOLATION OF ‘RAT HEPATOCYTES?
| |
Cafi free Collagenase Washing  Suspension
) Perfusion buffer buffer ) buffer
buffer -
- ) R TEITETTE Y bho s e st en mg/liter.cieiiieceeeennnnnns
NaCl 8,300 3,900 8,300 4,000
§ KCI : 500 500 500 400
CaC1,.2H,0 - 700 180 180 |
MgC1,.6H,0 - - - 130
1 \ KH,PO, - - - 150
Na, PO, - - - 100 \\//’
f ) - HEPES 2,400 24,000 . 2,800 7,200
TES - - - 6,900
- Tricine - - - 6,500
1M NaOH 5.5 B 66.0 5:5 52.5
Collagenase - 500 fi? - -
o pH 7.4 7.6 7.4 7.6
’ .a Salt cg&éentration§ were given in milligramg per 1000 m} of final

solution, and the concentration of NaOH (M) as‘mi1]iliters per

1000 m) of final solution.
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- they were incubated was treated with silicic acid to remove

phospholipids. Labelled free fatty acids were removed by
over-alkalinization (Borgstrom, 1952) from neutral lipids prior to .

3

determination of the 5H and 'C content of the neutral lipids

(essentia;ly triglycerides) of the hepatocytes and their
supe#ﬁatant. An aliquot of the: phospholipid-free chloroform phase
was evaporated to dryness under N2 and 3 ml of heptane, 1 ml of
thymol blue (0.01% in ethanol) and 200 ul of 0.62 N Naoﬁ‘weré added
subsequently. The solution was bubbled ;ith nitrogen for 30'5Ec and
th& heptane layer was transferred to counting vials. The lower phase
was extracted tche with hegtane'to obtain fssidual triglycerides. -
The heptane was evaporated and the radioactive 1ipid was counted
after the addition of 10 m1 of scintillation fluid. The
séintil]ation fluid consisted of toluene containing 0.4%
2,5-diphenyioxazole (PPO) and 0.1% 1,4 bis [2-5 (phenyloxazolyl)]
benzene (POPOP) (W/V). Radioactivity was counted in a Nuclear

Chicago Isocap 300 Liquid Scintillation Counter.

3.2.5 Lipid Analysis

43

The methods of estimation of CHOL, TG and PL concentrations were

essentially the same as described in section 2.2.4.

3.2.6. Determination of Triglyceride Distribution Among Different

Density Fractions

The hepatocyte cell suspensions were incubated for 60 min with

25 uCi of [9, 103H] palmitate + unlabelled palmitate (50 uM,
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complexed to porcine albumin in a 1:1 molar ratio) and 25 uCi of
[U-]4C] g]gcerdl. The aliquots wé}e‘obtajned at 0 and 60 min ang
centrifuged at 3500 rpm, 4°C for 15 min to sediment the cells.

Four aliquots of the suber atant were se arated and the densi;ies
adjusted to 1.006, 1.019, 1.063 and 1,21 g/ml using a concentrated
salt solution. These fractions.we}e mixed with human serum (2:1,
v/v) prior to u]tracentrifugafion (Havel, 1956) and ]ipoprpteins were
isolated. Individual lipoprotein fractions were extracted in Folch's
mixture, and radioactivity was determined in triglycerides as

described above. .-
A
A

3.2.7 Determination of d—Norgestré] Concentrations by HPLC

Waymouth's medium was incubated with 0.1 mM d-Ng in the preserice

and absence of rat hepatocytes at 0.1% and 1% DMSO levels. Samples

were obtained at 0, 30 and 60 min and centrifuged at 4°C1 3500 rpm

for 15 min. The separated supernatant was centrifuged onfe again to
ensure sedimentation of the suspended d-Ng. The final supernatant

was frozen in dry ice-acetione until it was further processed. d-Ng
> - Y R

:‘conCenErations were estimated by the method of Khalil and Lawson

(1983). The samples were loaded on a préwasned (10 m1 methanol
fallowed by 10 m1 water) SEP-PAK C18 cartridée gttached to a 10 mt
syringe. The containér was ringéd twice and washings loaded on
SEPWPAK. - The cartridge was rinsed with 5 m1 methanol three times to

colledt the concentrated steroidiin a total :o]ume of 15 ml. . The

methanol\ fraction was evaporated, reconstituted to 2 ml with 72%

methanol hnd épplied to a SP-25 Sephadex column (40 X 6 mm) to remove

44
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basic impu%ities. ‘Prior to use, Sephadex was converted to its Wt
form by successive washing with 0.5 M HC1 in 72% methanol and H,0
until neutral and was suspended in 72% methanol. The column was
eluted with 2.5 m] metggno] portions and eluant was filtered through
a 0.5 micron millipore filter. An aliquot (200u1) was injected

into HPLC. ZOO'Microgram of progesterone was added initially to the

samples to monitor the recovery of the steroid.

3.2.8 High Pressure Liquid Chromatography (HPLC) System ‘

A1l separations wére performed on HPLC with Waters Scientific,

Canada HPLC. This metﬁod has been described by Khalil and Lawson
. ]8 ~
particle size) with an 'RCM-100 radial compression module and a

(1983). C,, Radial Pak cartridges (10 cm long, 5 mm 1.D., 10

5 u RESOLVE spherical C18 column were used. Mobile phase

consisted of 70% methanol (sonicated for 20 min). Flow rate was 1 ml

per min. Peak heights, peak areas and retention times were measured

by a data module.

©

3.2.9 Statistics’

Differences betwéen groups were evaluated (Snedecor and Cochran,

1967) using the paired, two-tailed 't' test. Variance is expressed

as the standard errorn of the mean.

3.3 Results

3.3.1 Time Course of the Incorporation of Labelled Precursors into

Hepatocyte Triglycerides

4%

The time-course of the incorporation of both labelled palmitate



—

FIGURE 3.1

Time Course of incorporation of [9, ]0-3H]
palmitate (A) and tU-14C] glycerol (B) in the
presence (4—aA) or absence (@—@) of added
unlabelled palmitate (50 uM) into triglycerides
synthesized by hepatocytes, Zach point

represents mean of two experiments.
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and glycerol into hepatocyte triglycerides was curvilinear, up to 60
min, in the absence of added palmitate, whereas with the addition of
50 uM unlabelled pa]witate, it was ]ineii'(Fig. 3.1). The presence
of unlabelled palmitate a]go resulted in change of incorporation of
glycero] from curvilinear to linear in spite of no changes in medium

glycerol concentrations.

3.3.2 Characteristics of Triglycerides Released by Hepatocytes

The rélease of labelled triglycerides into the medium was slow
for the first 30 min, but increased\three—fold in the next 30 min.‘
As expected, the observed patte;n is compatible with a
precursor-product relationship between triglycerides éynthesized and
the triglycerides released into the medium by the hepatocytes. Over
the 60 min period of incubation with labelled precursors the release

of labelled trig]yceridés into the medium accounted for about 1 to 2%

of the triglycerides synthesized by the hepatocytes. Most of the

Tabelled triglycerides released into the medium were associated with
the density fraction d<1.006 corresponding to VLDL, with only
minimal amounts in d>1.006 (Table 3.2).

w

3.3.3 Effect of d-Norgestrel (in saline suspension) on

Triglycerides Synthesized by Isolated Hepatocytes

. -As illustrated in Figure 3.2 d-Ng (0.05mM) suspended in saline
inconsistently reduced the incorporation of both, [9, 103H]
palmitate and [U-]4C] glycerol, into ﬂépatocyte triglycerides.

H-Ng remained suspended in the medium because of its insolubility ¢n

48
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Time course of . 1ncorporat1on of [9, 103H] \\.,//“ '
pa]am1te (clrcles) and [U C] glycerol L - .
‘*_(squares) in the prescence (-----9 or absence " . .

- v

£ie+—;-) of 0. 05 mM d-norgestrel (suspended in- .o '

sa11ne) anto tr1glycer1des synthes1zed by ° > t

; : /
hepatociﬁes. Each‘vaTue represents Mean * SEM \\\“ )

for 3 pa)red exper1ments. _ -
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. aqueous medium. Therefore, for further exgeriments, d-Ng was

' a

dissolved in dimethy]sufoxide (DMSO) to facilitate its dispersion; a

.

similar amount of DMSO was present in the medium of the controls.

ok

3.3,4 Effect of d-Norgestrel (dissolved in OMSO) on Triglycerides

v Synthesized by Isolated ngatocytes
The 1pcorp9ration of labelled- preecursors into hepatocyte
triglycerides was pot affected-by0.1% DMSO‘when compared to controls.
co ainﬁnd no DMSO. Inqpbatidh of rat )iver cells with d-Ng (0.1 mM).
v o | . i tﬁe presence of;a 0.1%~DMSQ>in the medium,+ resulted in sign;ficant
' iphibition of the incorpdrhgion of both [9,.103H]~pa1mitate"(Fig.

3.3) and [U-J4C] glycerol (Fig 3.4) into triglycerides synthesized

by hepatocytes (p<0.05) in five paired experiments. The'inhibitory

i . effect of d-Ng reached a‘p]ateéu within 30 min of incubation. At ®
e - . * s

that point ‘in }ime, the percent inhibition of the incorporation of .

, labelled palmitate averaged 20 + 3% and that ¢f glycerol 19 ¢

| - [ . ’

' 2%. Both values are significantly lower than control (p<0.05),
" though similar to each other.

v

3.3.5 Effect of d-NorgestFél (dissolved in DMSO) on Triglycerides

<;~, Released by Isolated Hepatocytes ' o, N
ﬂ )

, ~*_ Dimethylsulfoxide (0.1%) did not affect the incorporation of

labelled precursors into trjglycerides celeasgp by the hepatocytes.

" At a concentration Qﬁ%bTT'mM, d-Ng (in the presenceT;F 0.1% DMSO)

© $ignificantly dimjnished the release of [3H] (Fig. 3.5) and [ 'C] °

. . (Fig 3.6) triglycerides from isolated-hepatocytes- into-the mediui—in-— - —

.
&
_— -
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FIGURE 3.3

»

<~ Time course of incorporation of [9, 103H]

. pa]mitat; in the presence (O---O) or™3bsence
(e ) of d-qgrgestre] (0.1 mM) into
triglycerides synthesized by hepatocytes. DMSO h

contentrati?n of the medium was 0.1%.
. Experimental values Qere significantly lower than
cﬁntroi at 30 and 60 min (p<D.05). Each value

represents Mean * SEM for §*paired experinments.

-

- S

‘v

B T LA ke .2




Counts Incorporated

- "5 6 )
(cpm X 10 /7 10 cells)
20

10}

1

g

30 -
M_inutes

b

54 .

g




[ —

N

A

FIGURE 3.4

¢

Time course of incorporation of [U-]4C]
glycerol in éﬁe presence (O===0) or.absence
(o—e) of\q-norgestre] (0.1 mM) into o
triglycerides synthesized by hepatocytes. DMSO

- concentration of the medium was 0.1%.
Experimental values were significant]yvlbwer than

controls at 30 and 60 min (p<0.05). Each value

rébresepts Mean * SEM for 5 paired experiments.
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experiments.

FIGURE 3.5
"

Time_course of incorporation of [9, 103H]
palmitate in the p?eéénce (O~==0) or absence
. > ,M . .

4

(o—ao) of d-norgestrel (0.1 mM) into

triglycerides released by the hepatocytes into
k4
the medium. The medium concentration of DMSO was

0.1%. Experimental values were significantly

lower than control at 30 and 60 min (p<0.05).

<
Each value represents mean * SEM for §

<
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FIGURE 3.6 i

Time course of incogporation of [U—]4C]
gl}cero] in.zhe presence (O---0O) or absence
(o——-o)bof‘d-norgestrel (0.1mM) into L 0 F
triglycerides released by the hepatocytes into .
the medium. DMSO concentration in‘the medium was
0.1%. Experimental values—were significantiy
/(\1owé; than controls at 30 and 60 min (b<0.0§).
Each vaﬁue-represents mean * SEM for 5 Do
experiments. ‘ i
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five paired experiments (p<0.05). Mqéjmum inhibition of the
incorporations of both labelled palmitate and glycerol into
trig]ycerides released into the medium was observed at 60 min (51 %
11% and 54 + 13%, reépeétive]y, p<0.05).

J
3.3.6 Effect of Higher Levels of DMSO on the Triglycerides

Synthesized by Isolated Hepatocytes

d-Ng (0.1 mM) initially dissolved in 0.1% OMSO, partially
precipitated upon addition to the medium: Therefore, progressivély
higher amounts of DMSO were used to suspend d-Ng (0.1 mM) in the
medium. The formation of trig]yéerides by hepatocytes at different

DMSO levels (0.1%, 0.25%, 0.5% and 1.0%) were compared to their

respective controls i.e. hepatocytes incubated without DMSO . It had

no effect on the triglyceride formation by the hepatocx&ss. Mean

values for the incorporation of palmitate as well as glycerol into

triglycerides synthesized by hepatocytes in the presence of DMSO.were

not significantly different (p>0.2) from their respective controls

at any of the levels of DMSO that were tested. These results are

{ -
i
A

summarized in Table 3.3. N

W

3.3.7 Effect of Higher Levels of DMSO on the Hepatocyte Response to

d-Norgestre]

Studies of incorporation of labelled precursors into

triglycerides §ynthesdzed by hepatocytes were done with 0.1 mM d-Ng

in presence of progressively higher DMSO gpncentrations (0.1%, 0.25%,

" 0.5%, 1.0%) in the medium. fhé results were Céﬁpared to their

61
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respect1ve contro]s j.e. hepatocytes 1ncubated w1thoub d Ng but the ‘

same amount of DMSO (0.1%: 0. 25% 0. 5% 1. O%) The 1nh1b1t1on by S

d-Ng q{ the 1ncorporat1on of ]abe]led pa1m1tate 1n tr1glycer1de

synthes1zed by hepatocytes was twofo]d h1gher (F1g 3 7) at 1 0%
compared’ to 0. 1% DMSO concentrat1on of the med1um 639 0 8 Vs 20

t 3%). L1kew1se, the 1nh1b1t1on‘i& d-Ng of the 1ncorporat1on of RN

1abe11ed g]ycerol 1nto tr1g1ycer1des syntheSIZed by hepatocytes . L.

increased (Fig. 3.8) From 19-+ 2% to 42t 2%, when OMSO,. R
concentration in the medium jncreased from.0:1%'t01.0%.
3.3.8 Concentrations of d-Norgestrel in the Medium as Determiquﬁgy

hl ALY
- - A .

HPLC at Different DMSO [eNe1s§\

¢ .

*

The concentrations of d-Ng were determined in the incubation

o

medium free of hepatocytes at two differ;nt levels of DM§0 (Otlz'aﬂd :. ju
1.0%). The resulfs summarized in Table 3.4 show that‘&jNg ' Lo e
concentration was highest at 0 min which deglined at 30'min and - | o
remained same for ‘the next 30 min. .This}indiéaied Fhat awpart of ’
d-Ng initially dissolved, precipitatédﬁf;om the medium. Tﬁe . - » <
concentration of d-Ng was conéisteni]y higher,. atAal]'tiﬁeE,“in;£q§ “f .-
presence of 1% DMSO 1eve1 when ;éhpared tolo 1% DMSO. Although, the.'* .T"T‘
amount of d-Ng 1n1t1a1ﬁy added was §ﬁm11ar1(Q,1 mM)’ for both | N
incubations (Tgb]e 3.4). Higher levels 9% bMSO increased the
solubility of d-Ng by 44%. ~ o e

3.3.9 Uptake of d-Norgestrel by Isolated Hepatocytes exam1ned by HPLC
d= Ng_concentnatlnns_nenenalso_detenmlned_in_the_medlum_lncuhnlﬁﬁ_________
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FIGURE 3.8

Ay ¢ .

1] ’

, . The percent iﬁhjbit?on by d-norgestrel (0.1 mM) ™

of the incorporation'of [U—]4C] glycerol into
triglycerides synthesiied‘py bepatocytes in
. presence o% increasing medium_concéntratibns of

" DMSO (0.1% to 1%). Each bar represenhts mean

inhibition + SEM of 3 paired experiments.

. s ‘
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- TABLE 3.4 g
MEDIUM CONCENTRATIONS® OF d-NORGESTREL
AT DIFFERENT DMSO LEVELS IN ABSENCE OF HEPATOCYTES -
. ‘ ”
Time ' ) DMSO
" min 0% 1.0%
QO ~ ! ’
0 _ ., To3r20. 22.4%6.4
30 : 6313 910 .
6 ® o 5.91£18 8.6+ 1.2
¥ yalues .expfessed as pM (Mean £ SEM). ! .
o= S 7 LT
. ’ * ¥ _
-~ /‘ ° ,
. ) . o . b‘f,xj « e “", e
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- TABLE 3.5

\
MEDIUM CONCENTRATIONS® OF d-NORGESTREL
AT DIFFERENT DMSO LEVELS IN PRESENCE OF HEPATOCYTES
Time DMSO
min _ S 0% o 1.0%
0 ’ 32.7%1.3 . 49.7 £ 0.3
&) < - e
30 <N 5.0 £ 2. 16.2 ¢+ 2.2
N » j‘ ‘.c
60 3 T..T 0.2 %0.1 2.1 156

- - ~

+

2 yalués expressed as uM (Mean % SEM)
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leyels at 60 min (Fig 3.9).

. employed much ngher wdoses.

X _ b 3
with hepatocytes at.two different levels of DMSO (0.1% and 1%).

Again, h1gher DMSO 1levels resu]ted in higher soluble concentrat1ons
of d-Ng when the same amount (0 1 mM) was initially added to the

medium (Table 3.5). In the presence of hepatocytes, there was a

~
gradual decline of d-Ng in,the medium which decraased to minimal

At 0.1% DMSO concentration, the uptake

,0f d-Ng by the hepatocytes was 0.05 nmole compared to 0.14 nmole at

1% DMSO level. The medium concentration of d—Né’ﬁas found to be

higher in the presence than in the absence of hepatocytes (compare

Table§ 3.4 with 3.5) at O min.

-
3.4 DISCUSSION

“

This chapter describes the studies done to elucidate the
mechanisms underlying lowered trig]yceride ]eveTs observed in d-Ng.
treated rats. Suspens1ons of isolated hepatocytes. were used to study
the effects of d-Ng on trrglycer1de synthes1s by exéﬁ?ﬁﬁng the ‘

1ncorporat1on of labelled precursors into triglycerides. In contrast

€
to the in vivo studies which were done over an gxtended time period

with' a dose of d Ng comparab]e to'the convent1ona1 contraceptive,
doses given to women, the in glggg_stud1es with 1so1ated hepatocytes
This perm1tted the study of acute
effects of.d- Ngxan»tr1g}ycer1de synthes1s.

A]thqugh sglub311zat1on of the d-Ng posed a problem in the in

%
f

vitro sfﬁdies,EDMSwaas found to be a‘useful solvent for suspending:

d-Ng. Higher DMSO concentrations in jhe medium allowed greater
soTUﬁiiity of d—Ng This was proven 1tﬁ HPLC determ1nations. Q;\\

"M

med{um concentrations of)d-Ng rose by 52% (32’ 7 vs 49.7 uM

LJ




a

FIGURE 3.9

Uptake of§d-no;gestrel by isolated rat
hepgtocytégﬂas a function of time. Retention
time; for d~no§ge§}re1‘ta)xand progesterone (b)
were 9.78 to 9.8 min and 14.27 to 14.33 min

respectively.
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Table 3.5) when.DMSO level uae ﬁucreased from 0.1% to 1%.
.FuFthermore, a higher amount of d-Ng stayed in solution at 1% °
compared to 0.1% DMSO (16.2 vs 5.0 uM, Table 3.5) thereby making
more d -Ng "available for uptake by the hepatocytes. At 1% DMSO level
14.1 uM d-Ng was taken up by the hepatocytes compared to on]y 4.8
uM at O.I%‘DMSO In the .concentrations employed, DMSO alone had no
effect e1ther on tr1glycer1des synthesized by the hepatocytes or
their re]ease by the hepatocytes OTable 3.3). Th1s contrasts with a
prev1ous report by Bell et al (1982) that a higher concentration of A -
DMSO (5%) produces a 7-fold increase in the 1ncorporat1on of [ C]
acetate 1nto tr1g]ycer1des of surviving rat liver slices. It is
noteworthy that Bell et al (1982) used 5 to 50 t1mes greater
concentrations of'BMSO compared to the\preeent study.

At a concentrat1on of 0.1 mM, d-Ng s1gn1f1cant1y 1nh1b1ted the
1ncorporat1on of both precursors ([9, 10 H] pa1m1tate and [U- C]
glycerol) jnto triglycerides syn;hes1zed by the hepatocytes as well
as into triglycerides releaséd by the hepatocytes (Fig 3.3 gnd'3;4).
There was no significang difference in the perceht inhibition’bqueen
palmitate and g]ycerél. The extent of inhibition was influenced by
the amount of DMSO used to suspend,d-Ng. The 1nh1b1t1on of pa1m1tate :
1ncorporat1on by d-Ng 1ncreased firom 20% at- 0 1% DMSO trat1on\
to 39% at 1% DMSO concentret1on in the medium. Likewise, the -
inhibition of glycero]l dy d-Ng ipcordoration]a]SOydncredsed stepwise
from 194 at 0;1% DMSO Tevel to 42% at 1% DMSO (Fig. 3.7 and 3.8).
These fiddings sudgested that d-Ng inhibited'triglyceride synthesis
in a dose—dependent manner; with successively higher‘concentrations

of ¢ ) s b . ' -
N = .
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Ppathway to triglycerides., Thé effect of d-Ng on these enzymes will

DMS0, h?gﬁer amounts of d-Ng dissolved in the incubation medium

.thereby producing a greater inhibition of TG synthesis by the

hepatoqytes:

The inhibition by d-Ng of triglyceride release from hepatocytes
could be accounted for solely by the reduction of hepatocyte
triglyceride synthesis. Howevér, Qecéase triglyceride release was
iphibifed by d-Ng to a greater extent (51-54%) than hepatocyte
trig]ycéfide synthesis (19-20%) it is conceivable that d-Né might
have additional effects on tﬁe release ofTVLDL Zrom hepatocyte§. The
present results suggest that (i) THver may be an important site of
the hypglipidemic action of d-Ng and’(ﬁ) that inhibition ofﬁpatic
triglyceride syntﬁesis and release can account at least for part of

the,ﬁypo]ipidemic effect of d-Ng observed in vivo in fed rats.

. -

The pathwa} of hépatic glycerolipid biosynthesis ‘is shown in _: .
Figure 3.10. Because the‘incorpofgtion of both sﬁBstrages intg
triglycerides wa; inhibited to a similar extent by d-Ng, it is -
attractive to EQgéesE that the inhibitioniﬁay be at the level of

either glycerol-3-phosphate.acyltransferase, bhosphgtidic acid

>
%

phogghatase'and/or diacylaglycerol acyltransferase, the three
potentially rate-limiting enzymes shared by these substrates on their
be discussed®in more detail in Chapter 4. -

The present findings that d-Ng inhibits triglyceride synthesis -

/ " . ’ .
and release are in agreement with reports of Cheng and Wolfe (1983)

who demonstrated .a similar inhibition of triglyceride synthesis and

release by the progestin norethindrone acetate in isolated rat .
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Figure 3.10

¢

PATHWAY OF TRIACYLGLYCEROL FORMATION IN LIVER
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hepatocytes. Wolfe and Qp§§g°(1979)*have'§hown reduced hepatic
triglyceride secretion in nﬁ}iature swine treatgq with norethindrone
acetaté. In contrast to progestins, estrogens have been shown to
increase trig]yceridé produétion leading to hypertrig]yceridemia (Kim

and Kalkhoff, 1975; G]ueck.gg_gl, 1974 and Weinstein et al, 1978).

Because the inhibitory effect of d-Ng occurred so rapidly, the

uinhibi:g:y action'jg_vitro of d-Ng on hepatocyte triglyceride

synthesis and release may have occurred by a mechanism which is
different from that generally known tofaccount'for steroid action.
Steroids are generally thought to act by piﬁding to receptors in the
cytospfmwhéqh translocate to Fhe nucleus, bind to DNA and then
mediate their action By‘induciqg"transcription of spegifig mRNA v
(Gorski and Génon: 1976; Jensen and DeSombre, 1973; Muldoon, 1980).

However, recent studies of King and Green (1984) and Welspons et al

(1984) have challenged the widely accepted belief that unoccupied

“steroid recéﬁiors are cytosolic.€ By the use of monoclonal antibodies

and cytocha]as&n B-induced enucleation, theyvdemonstrated‘that
unoccupied estrogen receptors are exclusively located in the
nuc leus. . Lo

In addition ﬁb the known action of progesterone via cytoso]ic

receptors (Murayama 33_315'1980; Mulvihild and Palmiter, 1980), it

&

has been reported to alter cAMP levels.and adenylate cyﬁ]ate-activity .

by binding to membrane receptors (Schgrderet-Slatkine et al, 1982 ;
Maller and Sadler, 1981).. The effect was immediate and pers}stgnt.
Kuehl et al (1974) have also reported significant increases in cGMP

levelsﬁhith-reductions in cAMP ]évels 4in the uterine tiés&e of

- .
" N

78




estrogen treated rats. It is plausible thatpd-Ng could act by
altering cAMP levels by a mechantsm similar teﬁbrogesterone or-17 °

g-estradiol. It is not yet known whether there are membrane

receptors for d-Ng. Although d-Ng is a 19-nortestosterone derigative'

and has some androgenic activity the cytosblic receptors for d-Ng
have been shown to be compet1t1ve1y displaced-by progesterone but
only weakly by testosterone (Uniya] et al, 1977). Additional’
explanations for the rap1d effect of d-norgestre] cogld includ€ 1)
the phosggggx}ét1on dephosphorylat1on mechan1sm regulating ﬂﬁe
enzymes of g]ycer011p1d pathway and/or 2) selective tr;nslat1on of
mRNA 1ndependent of nuqheus events (Vyde11ngum, 1982) _. Haagsman et et
ar (1982) have proposed that g]ucagon exerts the 1nh1b1tory actton on
<hepatic tr1g]ycer1de %ynthes1s by regu]at1ng the enzyme B
diacylglycerol acy1transfera9e by a phosphory]at1on-dephosphorylatlon

mechanism. Glycerol-3-phosphate acy]transf Escher1ch1a co]1,4*

is also reported, o be stimulated by ATP through interaction with

adenylate Eyc1asé (Rock, C.O.'gt_gl%l1981).
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Chapter 4

<

N\

EFFECTS OF d-NORGESTREL TREATMENT ON HEPATIC
GLYCEROL PHOSPHATE ACYLTRANSFERASE AND PHOSPHATIDIC
_ ACID PHOSPHATASE ACTIVITIES IN THE RAT

4.1 INTRODUCTION
The observation that d-Ng inhibits the incorporation of
labelled précursors into triglycerides synthesized by isolated rat
hepatocytes suggested a possip]e suppfessive effect of d-Ng on the
.enzymeg involved in .the triglyceride synthetic pathway. This
1 3 . chapter describes the studies undertaken to examine the effects of

1

d-Ng tneatment on hepatic glycerol phosphate acyltransferase (GPAT)
and.phosphatidic acid phosphatase (PAPase) acti;ities in the rat.
Although the pathway of éljcerolipid'biosynthesis was descr{bed
3 in eucaryotes ab;ut 20 years ago by Kennedy and co-workers (1961), °
” little is known about the precise routes of_pﬁoductfoﬁ‘and
regulation. +Glycerol phosBﬁatg‘acy]tran§ferase (EC 2.3.1.15)
primarily found in microsomes and outer mitochondrial membrane

catalyzes the first committed step for production of glycerolipids

and is a possiblie control site of this process. In 3T3-L1 cell

lines as well as rat liver microsomes, the specific activity of GPAT
is reported to be much lower than the specific activities of fatty
acid CoA ligase, lysophosphatidic acid, phosphatidic acid
phosphgtase and diacylglcerol acyltransferase (Coleman _E_él, 1578;

Lloyd-Davies and Bridléy,“]975; Lloyd-Davies and Brindley, 1973).
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Studies in adipose tissue and liver (Sooranna and Saggerson, 19762

and 1976b; Bates and Saggerson,1977a and 1977b) indicate the

possibility of acute hormonal regulation of GPAT activity. Coleman
.ggjﬂé(197;) also reported 2.5 to 3.6 fold increase in GPAT activity
a16n§ with similar increase; in fatty acid. CoA ligase and
diacylglycerol acyltransferase i;'TTVErs from estrogenized chicks.
GPAT activity in the rat liver is also known to be decreased in
fasting and fat feeding and increased in carbohydrate feeding and -
chronic ethanol consumption which was accompanie& by proliferation
of endoplasmic reticulum (Bremmer et al; 1976; Joly et al, 1973).
The >éaktion catalyzed by phosphatidic"aciﬁ phosphatase (EC
3.1.3.4) occurs at an important branch point in glycerolipid
synthesis. There are several lines of evidence which support a role
of this enzyme in the requlation of glycerolipid and phospholipid
pathways in the liver and adipose tissue (;an den Bosch et al, 1972;
Fallon et al, 1977; Bridley et al, 1979; Brindley and Sturton,
}982). PAPase activity is found in microsomal and cytosdl fractions
of the 119er. Two operationally-distinct enzyme activities have.
been detected corresponding to the form of substrate available .
(Casola and Possmayer, 1980b), referred to as phosphatidic acid
aqueous (PAaq)~dependent and phosphatidic acid membrane bound

(Pﬁnb)-dependent PAPase.

4.2 MATERIALS and METHOOS

4,2.1 Materials .

.

L-[U~]4C] glycerol-3-phosphate (171 mCi/mmol) was‘purchased

79
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from Amersham, Oakville, Ont. Pa]mitoy} coenzyme A, dithiothrei;ol,
fatty Acid-Free Albymin, L-a-glycerophosphate, Trizma [Tris

(Hydroxymethyl) aminomethane], N-ethylmaleimide and trichloroacetic

acid,ﬁcytochrome 'c', Triton X-100, glucose-6-phosphate,
nicotinamide adenine dinucleotide phosphate (NADP) and its reduced
form (NADPH) and rotenone were oQ;ained from‘Sigma Chemical Co., St.
Loqis, MO. A1l the other chemicals were purchased from Fisher

-

: ’ Scientific Co., Fair Lawn, N.J.
f >

- - # Ny

4,2.2 Preparation of Subce]]u]ér Fractions

-k 1 Rats were anesthetised by the administration of sodium

pentobarbital. The subcellular fractions were prepared essentially

as described by Bates and Saggerson (1979). The entire liver was
first perfused with normal saline for 1-2 min to wash out the

blood. The livers were removed, weighed after blotting and cut into
' Y

~

small pieces in ice cold buffer (0.25 M Sucrose, 10mM Tris-Cl1 pH -

N R 1 TR SIRPARS RO

7.4, 1 mM EDTA). This was followed by two washes with the same
buf%er. Liver was homogenized in 3d'm] buffer by using a
motor-driven Tef]on pestle in a glass homogenizing tube (clearance
0.1-0.15 mm) ., Eac% homogenate was centrifuged at 620xg for 10 min

at 4°C in a Sorvall RC2-B refrigerated centrifuge with a Sorvall

BT TRAVIE Sma e wnemgr e -

type SS-34 rotor. The resulting supernatant was centrifuged at
3 7250xg for 10 min to yield a mitochondrial pellet. Tﬁé*pe1]ef'was

washed twice with 30 m1 of the buffer by resuspengion and

centrifugation at 9200xg for 10 min each time. Microsomal fraction

was obtained by centrifuging post-mitochondrial supernatant at

105000xg_for 60 min _in a Beckman model L3-50 ultracentrifuge with_a

. type 50 Ti rotor. The high spéed'subernatant called cytosol was
J
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saved. The microsomal pellet was resuspended and centrifﬁged again

at 105,000xg for 60 min at 4°C using the same buffer.

Mitochondria and microsomes were resuspended in a buffer containing

0.25M Sucrose, 10mM Tris-C1 (pH 7.4), 1mM- EDTA and 1mM
dithiothreitol (DTf) at approximate protein concentrations of
5-6mg/ml. Cytosol, mitochondria and microsomes were frozen in dry
ice-acetone and stored at -70°C. Protein concentrations were
determined by the method of Lowry et al (1951) using bovine serum

albumin as standard. Samples were thawed only once prior to

estimation.

4.2.3 Enzyme Assay (GPAT) EC 2.3.1.15

Glycerol phosphate acyltransferase was assayed in a total
votume of 1.0 ml, at 30°C for 3 mjn in the presence of 65 uM
palmitoyl CoA, 120 mM KC1, 50mM Tris-C1 buffer (pH 7.4), 0.7mM DTT,
1.5uCi L[U-14C] glycerol-3-phosphate and 2.5mM unlabelled
L-a-glycerophosphate.  1.75 mg and 6 mg of fatty acid-péor albumin
was included respectively for assaying microsomal and mitochondrial
activities as described by Bates and Saggerson (1977a). The
reactjon was initiafed with 0:1 ml of the subcellular fraction
¢containing 0.25-0.3 mg protein. LReactjons were terminated by the
addition of 2 ml of water-saturated butpnq]i Radioactivity
incorporated into butanol-soluble producfs was determined‘as
described by Daae and Bremer (1970) after washing the butansl phase
twice with two volumes of butanol-saturated water. One unit of :

enzyme activity represented the conversion of 1 ymol substrate to

., 81

products._per min at_30°C._ .

~
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4.2.4 1Isolation of Reaction Products. by Thin Layer Chromatograpﬁi

Samples were faken for total radioactivity measurement from the
butaaol‘extract. - An aliquot of the butanol phase was evaporated to
dryness under a stream of N2. The residue was dissolved in
chloroform:methanol (1:1, v/Q) and chromatographed on silica gel 6
60 treated plates with 0.25 M oxalate. The formation of the -
products TG, diglyceride, monogl}ceride, lysophosphatidic acid and
phosphatidic acid were determined by developing‘the plates with
petroleum ether-acetone-formic acid (76:24{0.2, v/v/v). The
radioactive bands in the chromatograms were localized by;scraping 1

cm bands of the silica into counting vials followed;by scintillation

fluid and were identified by comparison with authentic standards.

4.2.5 Radioactivity Measurements

Samples of the butanol phase were pipetted directly into

counting vials containing 10 m1 of the scintillation fTuid (SQ PPO;

~0.05g dimethyl POROP; 385 ml xylol; 385 m1 dioxane; 230 ml ethanol

and 80g naphthalene). Bands from the thin-layer chromatograms were
scraped off into vials containing scintillation fluid. The
radioactivity was measured in a Nuclear Chicago Isocap 300 Liquid

Scintillation Counter.

4.2.6 Enzyme Assay (PAPase) EC 3.1.354 -

’

Enzyme assays were same as described by Casola and Possmayer
(1981a). The PA_ -dependent PAPase activities were assayed in an

incubation system with 100 u1 fina) vo]q%e contdining 50 mM

T g
Yy prt

. __
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Tricine buffer pH 7.4, 150 uM [32P] PAmb (as 1ipid vesicles),

EDTA 1 uM, and 50-200 ug cytosol or microsomal protein at

37°C. The reaction was terminated after 20 min by adding 1.5 ml
chloroform: methanol (5:4) and Oi5 ml of IN HC1. The radioacivity
in.the aqueous phase was measured in Aquasol. The assays were

2 The
Mg2+-dependent coﬁponent served as a measure of PAmU-dependent

performed in Fggte?gSane and psence of 6 mM MgCl

PAPase activity (Walter and Possmaymer, 1984). One unit of
"Pq“b-dependent PAPase adtivity was defined as the activity which
wfﬁ] hydrolyse 1 nmol of [32P] PAmb/min at 37°C

PA -d;\éqsent PAPase activity was assayed using
32P 1abe11ed Pa \\Q;xed ith phosphatidic acid and converted to
1iposomes as described by Gasola and Possmayer (1981a). The

reaction was incubated at 7°¢C gnd contained 50 mM Tricine buffer

-

.pH 6.8, 1 mM [32P] PA d SO-éOO ug cytosol or microsomal

aq
protein in a total volume o% 100ul. The reaction was terminated

after 20 min and the radioactivity in the samples was measured as

descr1bed above. One unit of PA —dependent PAPase was defined as
the activity which will hydrolyse 1 nmol of [32P] PA, /m1nute at

E

37°c )

4.2.7 Assays for Marker Enzymes

Cytochrome 'c' oxidase (EC 1.9.3.1) served as the' marker enzyme

for mitochondria ;nd was assayed according to Applemans et al
(1955). 0.1 m) of organelle preparation (25-50ug protein) was
mixed with 0.1 m1 of 0.3% trjfon X-100 for 30 to 45 sec. 2.7 ml of

83
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50 mM phosphate buffer (pH 7.5) and 0.45 mM reduced cytochrome ‘c'”
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were subsequently added for a final volume of 3 ml. The change in
absorbance at 550 nm was recorded over 1 to 2 min by using a
Schimadzu UV-250 spectrophotometer. The rate of change in

absorbance at 550 nm was calculated from the linear portion of the

2

slope and concentration of cytochrome 'c' oxidized was calculated as
, )
follows ) -

~

A550 nm .min ~

29.5
where 29.5 is the emM of cytochrome 'c' obtained from tHe
manufacturer. _

Glucose-6-phosphatase (EC 3.1.3.9) and NADPH cytochrome ‘c'
reductase (EC 1.6.2.3) used as marker en§ymes for microsomes were
assayed as dgséribed by Rip et al (1981) and Omufa_gg_gl (]§67)
respectively, Glucose-6-pho§phatase was 5§sayed in a final volume
of 3 m1 containing 3.6 mM?imidazd]e-HC], pH 6.5, 2 mM
glucose-6-phosphate, 4 mM Mg(f]2 and 25-50 ug organelle protéin -
at 37°C. Reaction was terminated after 20 min by adding cold -~
perchloric acid to a f%na] concentration of 5%. Inorganic phosphate
liberated was calculated from the standard cu}ve after measuring the
absorbance of each sample at 660 nm. Cytochrdme‘c reductase was
as;ayed in 3 ml reaction mixture consisting of 0.1 ml enzyme (25-50
ug protein), 0.1 ml 50 mM sodium cyanidé, 0.2 m} 0,45 mM
cytochrbme ‘c' and 2.5 ml 50 ﬁM phosphaée buffer (pH 7.5). The
reaction was started with the addition of 0.1 m1 of NADPH and
reducfion of cytochrome 'c' at 550 nm was measured. Activity was

calculated as described above. Cytochrome ¢ reductase and

84
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cytochrome 'c' oxidase assays were performed at room temperature.
Lactate dehydrogenase (EC 1.1.1.27) served as the marker enzyme
for cytosol and was assayed by the method of Pdsgmayer_gg.gl

(1973). The incubation mixture contained phosphate buffer 100 mM,
pH 7.5 0.25 mM NADH, 0.02 ml of a saturated ethanolic solution ofc
rotegone, Triton X-100 (0.01%, v/v) and 25-50;9 of organelle - -
preparation. The decrease in absorbance at 340 nm produced by the
addition of sodium pyruvate 0.2 mM at room temperature was recorded

for 1 to 2 min. The initial linear portion of the slope was used to

calculate the reaction rate.

4.2.8 Statiétics

Differences between the enzyme activities of d-Ng treated and
control groups were evaldated accordiné to Snedecor and Cochran
(1967) using the unpaired two-tailed 't' test. Variance is

expressed a§ the standard error of the mean.

4.3 RESULTS

4.3.1 Incubation Conditions for Optimal Incorporation 0f sn L]4Cl

61 ycerol-3-Phosphate

)

A detailed examination of factors such as substrate
concentration, temperatyre, time and protein concentration is
illustrated in Fig 4.1 and Fig 4.2 for microsomal and
mitrochrondrial fractions respectively. The arrows indicate the
conditions used in the standard procedure. Enzyme activity as a -

£
function of protein concentration proved to be linear up to 0.5 mg

¥
t



{ . Figure 4.1
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Glycerol phosphate acylation by rat liver
microsomes as a function of time (A) and
E concentrations of protein (B), palmitoyl CoA

(C) and glycerol phd§§ﬁ;te (D).
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Figure 4.2

Glycerol phosphate acylation by rat liver
mitochondria as a function time (A) and
concentrations of protein (B), palmitoyl Co A

(C) and glycerol phosphate (D).
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~ of microsomal and mitochondrio1 protein. Assays performed over this
- ‘ N

protein range responded hyperbo]icat]y to’increqung concentrations
of g]ycerol-é—phosphate re?ching'a plateau between 1] tp 2 mM: The
react{bn was stimulated by increasing pa]mitoyl coenzyme A
coﬁéeotration up to 65 to 85uM. For both assays the
incorporation of radioactivity into products: was 11near up to 4

min. The optimal temperature‘was observed to be 30°C.

4.3.2 Chromatograph1c Ident1f1cat1on of the Reﬁzt\oq Products -
T
Fig 4 3 shows the reaction products farmed w1tb the microsomal
A .
hic acid was the main product (73%),

preparation. Phosphati
1ysophosphatid;c acid constityted 18% and mono-, di- and
trig]yce;ides were 3, 4 and 3 percent respectively. With
mitrochondria the chief prdoduct was 1ysophophat1dﬁc acid (52%) (Fig.
4.4). Other mitochondrial products 1nc1uded phosphat1d1c ac1d (31%)
and mono-, di- and tr1g]ycer1des accounted for 1 5 “and 10 percent

respective]y. The ratio between the reaction products formed did

not differ between contﬁol and ekperimenta] groyps.
T . &

A}

-

4.3.3 Effect of N-Ethylmaleimide on Glycerol Phosphate s

Acyltransferase Aotivity
The sensitivity of microsomal and mitochondrial’GPAT activity
to N-é?hylma]eimide was examined by adding“it‘to a concentration of
2 mM to the standard assay mixture. N- Ethyl&aleimide se]ecf?ve]y
inhibits the microsomal GPAT actv1ty (Ha]dan\and Pu]]man, 1975).
Results showed a distinct difference betweeQ the GP;‘\?rom the two «
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Figure 4.3

I

‘G]ycero] phospbate acylation products formed

[N

by rat liver microsomes. The abscissa shows

the sequential number of counting vials into

which bands of silica acid were scraped, 1
represents the origin and 18 the solvent

front.
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Figure 4.4 -

Glycerol phosphate acylation products formed

by rat liver mitocnonaria. The abscissa shows

. 3 .
the sequential number of counting vials into

i .

which bands of silica acid were. scraped. 1

represents the origin and 18 the si}yent front.
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Figure 4.5

Glycerol phosphate acylation products formed
by rat liver mitochondria and'm1crqsomes in
control (e——e) and d-norgestrel treated
rats (fo-o) in the presence 6f.2mM

N-ethylmaleimide.
)
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fractjons-(Fig 4.5). Microsomal GPAT obtained was severely

inhibited by more than 75% whereas mitochondrial activity was not
affécted by the presence of 2 mM N-ethylmaleimide. The enzymes in |
control and experiment groups showed a similar response towards

N-ethyimaleimide sensitivities.
/

»

4.3.4 Effect of d-Norgestrel Treatment on Glycerol Phosphate

Acyltransferase Activity

* Table 4.1 shows that d-Ng (4ug/day. kg body wt0'75)

administered to female rats for a period of 18 days significantly
decreased GPAT épecific activity per mg of microsomal protein

(p<0.05). The ave}age inhibition w3§_26% as compared to control.
However, mitochondrial GPAT specific activity was not affected by

d-Ng treatment.

4.3.5 Effect of d-Norgestrel Treatment on Phosphatidic Acid

=

Phosphatase Activity.

d—Ng<£reatment significantly reduced the PAaq dependent

PAPase specific activity by an average of 20% in the microsomes,

whereas, the §pecific activity of PAaq-dependent PAPase in the -
cytosol was increased by 19% in cytosol as compared gp the control
group (Tab]e‘4.é). However the increase in cytosol was not
statistically significant. The PAmb-dependent PAPase specific
activity in microsomal as well as cytoso] fractions was not.affected

by d-Ng treatment.




TABLE 4.1

EFFECT OF d-NORGESTREL ON

GLYCEROL PHOSPHATE ACYLTRANSFERASE SPECIFIC ACTIVITY?

GROUP MICROSOMES MITOCHONDRIA

Control

(n=6)

Norgestre]b

(n=6)

2 yalues expressed 4s nmo/g;/minzmg protein (mean * SEM)

D pats treated wi h/d-ﬁG;;estre] (4 ng/kg. body wt0‘75)

¢ Signif{cantly different from control (p<0.05)




GROUP

Control

<«

(n=6)

Norgestre]b 7.3 £ 0.31

(n=6)

2 values expressed as nmoles/min. mg protein -

b Rats treated with d-norgestrel (4ug/day.kg body wt

99

TABLE 4.2

EFFECT OF d-NORGESTREL ON
PHOSPHATIDIC ACID PHOSPHATASE SPECIFIC ACTIVITY?

R
-

MICROSOMES CYTOSOL

PAaq-depepdent PAmb-depgndent PAaq-dependent PAmb-dependent'

>

9.1+ 0.4 2.9 +0.13 1.1 £ 0.08 1.68 £ 0.13

2.6 + 0.11 1.3 + 0.07 1.61 + 0.10

D

- ’ \

)
0.75)

© Significantly different from control (p<0.05)

0{/:
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4.3.6 Purity of Subcellular Fractions
A * - \
‘- The purity of each of the isolated subcellular fractions

separated is shown in Fig 4.6. The fractions were well separated
¢ and mutual contamination of the different subfractions was minimal

1
as assessed by the.activiey of marker enzymes .

4.4 DISCUSSION ‘

The aim of the present study was to further cfarify the mode of
actian of d-Ng. Hepatic glycerol phosphate acyltransferase and
phospatidic acid phosphatase act;vitfes were assayed under optimal
jncubation conditions in subcellular fractions (mitéchona}ia,
microsomes and cytosol) isolated from d-Ng treated and control
rats. - B

The marked decrease by d;&g in the specific activify of GPAT in
liver microsomes is reported here for the first time. The effect
was specific to the microsomal GPAT since the specific activity of
mitochondrial GPAT was similar in the control and d-Ng Freated rats
(Table 4.1). The quantitative contributions of these two enzymes
for cellular phosphatidic acid synthesis is not clearly defineq
(Be11 and Coleman, 1980). The specific activity of GPAT in —
microsomes and mitochondria is reported to be.similar 1n the liver,
whereas in other organs the microsomal enzyme is at least 10 times
more active than mitochondrial GBAT&(Haldar et al, 1979).

Micrésoma] GPAT specific activitx has been shown to be increased‘
30-fold in mouse 3T3-L1 fibrogTdéts during differeﬁtiation into

adipocytes (Coleman et al, 1978). Strong evidence indicates that

100




Figure 4.6

The marker enzymes lactate dehydrogenase (A),
cytochrome 'c' oxidase (B), cytochrome ‘c'
reductase (Cz and glucose-6-phosphatase (D)
in the subcef]u]ar fractions mitochondria

(MT), microsomes (MC] and cytosol (C).
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the biosynthesis of TG, phosphatidyl choline and phosphatidy]
ethanolamine occurs assymetrically on the cytoplasmic surface of
endoplasmic reticulum (Bell and Coleman, 1980), whereas,
mitochondria lack fhe terminal enzymes for production of these
lipids (van Golde et al, 1974; Jelsema and Morre, 1978). ;herefore,
the utilization of ﬁitochondria]]y-derived intermediates would
require movement to endoplasmic reticulum. Whefher such movement
occurs remains to be established (van Golde et al, 1974). The
present data support the hypothesis that microsomal GPAT may be the
pri&ip]e enzyme in glycerolipid formation.

Mitochondrié] GPAT is reportéd to be mainly responsible for
regulating the positional specificity of fatty acids seen in
naturally-occuring glycerolipids (Stern et al, 5978). However,
there are many.reports that show a selective regulation of
mitochondrial GPAT by insulin administration. Furthermore,
mitochondr%a] GPAT is also reported to be decreased in diapétes,
starvation, after adrenalectomy and after anti-insulin serum A o
treatmeng shown to be associated with a decrease in triglyceride '*/%\
synthesis (Bates and Sagge?gon, et al, 1979). Microsomal GPAT ‘

[

activity was reported to be unaffected by any of these treatments

(Bates and Saggerson, 1977a; 1977b). This differed from the presént

findings that d-Ng selectively inhibited microsomal GPAT specific

activity (Table 4.1).
In addition to the synthesis of phosphatidic acid from
glycerophosphate, dihydroxyacetone phosphate can also act as an acyl

P
acceptor ultimately leading to the formation of phosphatidic acid.
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This step is cata]yzed by the enzyme dihydroxyacetone phosphaté

acyltransferase present in peroxisomesg The relative contribution

of this enzyme to glycerolipid formation is not clearly ~ \\_/,/’

established. Although, many in vitro s%udies have implicated an
important role for this enzyme in glycerolipid formation (reviewed
by Brindley and Sturton, 1982), peroxisomes 1ike mitochondria lack
the terminal enzymes of the glycerolipid synthesis and the
physiological significance of dihxgroxyacetone phosphate
acyltransferase is still ob§Cure1: The present study did not attempt
to examine the effect of d-Ng on-this enzyme.

The main prodhct obtéined qfter esterificatjon of glycerolipid
by microsomal fraction was phosﬁhatidic acid, whereas mitochondria
produced ﬁéin]y 1ysophosbhatidi§ acid (Fig 4.3 and 4.4). These
results are in agreement with ?ﬁo;é repo?téd by Daae and Bremmer
(1970) and Lloyd-Davies andQBﬁzndley (3975).

d-Ng tr?atment also decreased PAaq-dependenF PAPase specific
activity in microsomal fracttons (Table 4.2). The function of
PAhq-dependent PAPase activizy is not clearly unhderstood,
although, it has béen shown to be increased in rabbit\]ung during .
fetal development after induction of pulmonary maturation-by
g]ucocorticoi&é (Caso]aoand Possmayer,~1981a; Rooney et al, 1979).

Also in the rat and rabbit’an increase in PAaq-dependent PAPase

activity in microsomal fractions parallels the increase in

~

[ ]
‘phosphatidyl choline contgnt‘(Caso1§ and Possmayer, 1981b). This

observation leads one to speculate on its potential role in

<

controlling the production of phosphatidyl choline for pulmonary

<

surractant’, - N

/
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.The physiological significance of this enzyme towards TG formation

- ' 108

-

is not cléarly estggljshed. It is noteworthy that the specific
actiVjty of microsomal PAaq-dependent PAPase is much higher than

the specific activities of cytosolic PAaé~dependent PAPase and

AN

PA,,-dependent PAPase in the microsomes and cytosol (Table 4.2).

The specific activity. of PAaq-dependent PAPase was slightly
(not sighfficaht) increased in the cytosol fractions in d-Ng treated
rats (Table 4.2); Soluble PAPase actirggy has Been suggested to
have an important role in the g]ycero]ipi&\é n%hesis (Whiting et al,
197@7\,:*he increase observed in the presgnt study may not be
significant because of two reasons. Firstly, an isolated increase
in PAaq-dependent PAPase was observed, whereas PAmb-dependent
PAPase remained unchanged by d-Ng-treatméht.' Secondly, the specific
activity of PAaq-deéendent PAPase was abori eight fold higher in {
the microsomes compared to %re cytosol (Table 4.2).

In contrast to PA;ajdependent PAPase activity, S

K Pﬁnb-dependent PAPase agtivities in microsomes and cytosol were

“ynaffected by d~Ng treatment. Fallon et al (1977) have suggested

" that Pa b-dependent PAPase activity is more ¢losely related to

g]ycero11p1d formation in liver and ad1pose tissue (Fallon et al,

”1972). Cheng .and Saggerson (1977a; 1977b) have shown a

noradrenaline dose-dependent decrease selectively 1n

.PAmb-dependent PAPase activity in adipocytes which was restored by -~

. 1nsu11n adm1n1s€rat1on (1977a and 1977b). Furthermore, recent

stud1es-byt(Po§smayer and§Na1ter, 1983) have demonstrated that

washing microsomes and cytosol with high salt solution Essulted in a

D




decrease in P?mb-degepdgnt PAPase aefivity and was accoﬁpanied by
a loss of the ability to produce glycerolipids.
¢ ‘ " The above findings suggest thhf%d-Ng acts by %nhibiting
. . V specifically the lipogenic enzymes (GPAT anq PAaq-dependeht PAPase

specific activity) in the microsomes. This subsequently reduces

triglyceride synthesis and secretion by live ltiﬁg in lower

plasma and VLDL triglyceride ]evels‘in d-Ng treated rats.

&
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CHAPTER 5

EFFECTS OF d-NORGESTREL ON THE TURNOVER OF RAT VERY LOW DENSITY
AND LOW DENSITY APOLIPOPROTEIN B8

5.1 INTRODUCTION

The previous studies in Chapter 2 showed that .d-Ng treatment
gesults in fswer ﬁ]asma TG and higher plasma CHOL concentrations.
The effects of d-Ng on hepatic TG synthes%s, secretion and
activities of enzymes GPAT and PAPase were dis?ussed iniChapters 3
and 4 . ATternatively,-d-Ng could also reduce serum triglycerides*
by increasing the clearance'of VLDL from plasma. On the otéer hand,
_possible mechanisms underlying the cholesterol-elevating effect
could include a) higher input of LDL via catabolism of VLOL
(Eisenberg, 1976), b) greater direct synthesis of LDL independent of .

VLDL catabolism (Fidge and Poulis, 1978) and/or c) impaired LDL

recepto# function (Brown et al, 1981).
\_— - ——— —

Studies of apolipoprotein B provide insight into ]igogrotein

turnover because it stays with the VLDL particle during its

. sequential delipidation leading to IDL and finally ending with the

formation of LDL. Apolipoprotein B also gives™a measure of LDL

turnover as it is the major apolipoprotein of LDL and mediates the

.

v

uptake of this particle by the receptors.
The présent chapter describes the studies undertaken to
investigate VLDL and LDL turnover by examining the apolipoprotein B

kinetics of VLDL, IDL and LDL after injecting isotopically labelled
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lipoproteins in d-Ng treated and control rats. Studies were

initiated using lipoproteins isolated from human sources and were
concluded finally using homologous 1ipoproteins obtained from donor
rats. The influence of d-Ng on the ‘interreiationship between

different apolipoprotein B-containing lipoproteins is also discussed.

[
o

5.2 MATERIALS and METHODS

5.2.1 Materials
Potassium Iodide, Sodium lodide, Sodium Iodate and EDTA

(Ethylenediaminetetraacetic acid) were purchased from Fisher

Chemical Co., Fair Lawn, NJ. Na]ZSI was obtained from Am?rsbam,

Oékville, Ont., and Na]3]I“Was obtained from either Amershgm or
Féssst, Kirkland, Que. Sephadex G-50 was obtained frgm Pharmacia
Fine Chemicals, prasa]a, Sweden. Glycine was purchased from BDH
Cheﬁica]s, Toronto, Ont., Millipore Corporation, Mississauga, Ont.
* supplied the miliipore filters. PMI0 membranes were pﬁrchased from
Amicon Corpozgtion, Lexington, MA. Isopropanol was obtained from
J.T. Baker Chemical Co., Phillipsburg, NJ. Lard (5%) and fat-free

diets were kindly donated by Dr. K. K. Carroll, Department of

-

o

Biochemistry, University of Western Ontarfo.

5.2.2 Preparation of Very Low Density and Low Density Lipoproteins

Lipoproteins fgr injection were prepared from plasma obtained
either from human vo]unfeers (12 hr fasting) or from female

Sprague-Dawley donor rats (250 g, n = 44). The donor rats were

/ maintained on a synthetic diet containing 5% lard for 10 déys prior




.

This was done to“efihance the labelling of rat VLDL-protein by

 decreasing the polyunsaturated:saturated fatty acid ratio in the
plasma lipids, leading to less intorporatidn of the label in the

lipid moiety of the lipoproteins as suggested by Fidge and Poulis

(1975). However, a fat-free diet was fed for 12 hr prior to

4
i
¥
3
‘
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¥

sacrifice to eliminate chylomicrons. from plasma.

¥ iy

Blood was collected by aortic puncture from the donor rats and

e~

pooled into tubes containing EDTA (1 mg/ml). The 912;94 was

separated and subjected to u]tracentrifuga;ion to isdlate vLOL

WYL, < Banrrgn o

&

(d<1.006) in a Beckman 60 Ti rotor‘(l6 hr, 40,000 rpm, ]SOC).

The VLDL was washed twice through sterile saline in a 50 Ti rotor

[

(16 hr, 40,000 rpm, 15° C). The LOL (d 1.02-1.05) was then

. isolated from the plasma infranatant remaining after separation of
I - R

% VLDL in a 60 Ti rotor by successive ultracentrifugations at

¢ .

densities 1.02 and 1.05 (24 hr, 40,000 rpm, ISOC) and was washed

’

1 once, through sterile saline solution of d = 1.05 in a 50 Ti rotor

(24 hr, 40,000 rpm, 15°C). The narrow density range (d 1.02-1.05)
was chosen to obtain a LDL fraction free of any contaﬁination by

VLOL or QDL.

5.2.3 Iodination Procedure .

The VLDL and'LDL were radiolabelled by the method of McFarlane

POEIE . Nt ern g

(1958) as modified by Fidge and Poulis (1974). Briefly, the VLOL

and LDL obtained were equilibrated to 0.4 M glycine-NaOH buffer pH

125 131

10 and radioiodinated with I and I, respectively. Free

¢ ‘ _ . jodine was then removed by passage through a small Sephadex G-50

\ .
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column equilibrated to saline. Isotopica]ly‘]abel1ed lipoproteins

were sterilized by filtration through 0.45 micron Millipore filter.
2>

The percentage of radioisotope ]251 bound to the VLDL protein was

93%, 4% was associated with lipid and 3% remainéd unbound. The
131 bound to the LDL protein was 94%, less than 5% was associated
with 1ipid and 1% remained unbound. The amount of label associated
with‘apolipoprotein B in VLDL and LOL defermined by isopropanol
precipitation (Holmquist and Carlson, 1977) was 27% and 69%,

respectively.

5.2.4. Lipoprotein Kinetic Study s

Two different protocols were designed to study the turnover of
labelled lipoproteins in d-Ng-treated and control rats. Protocol I
was designed simply to assess qualitatively any effect of d-Ng on
'Iipoprotein clearance, whereas protocol II was designed to y{eld
more specific quantitative information from the radioactivity time

curves.

5.2.4.1 Protocol I .

d-Ng treated (n=4) and control (n=4).rats of Spraque-Dawley
strain (0, 250-g) were prepared as described in section 2.2.2. 0.16
g KI/1 was added to drinking water for two days prior to and after
the administration of labelled lipoproteins.’ e .

The animals were anesthetized with ether and 8 uCi of

JZSI-LDL in 0.25 ml saline was administered intravenously via foot
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vein. At designated times thereafter (0.167, 0.33, 0.5, 1, 1.5, 2,

3, 4, 6, 8,.18, 24,126, 28, 30, 32, and 50 hr) 50-70 ul blood was
collected in heparinized microhematocrit tubes by cut%ing the tip ot .
the tail. Plasma was separated by centrifugatiion in a
microhematocrit centrifuge for 5.min. 20 Microliters of plasma was

mixed with 980 w1 Kreb's Ringer bicarbonate buffer containing 5%

bovine serum albumin and the radioactivity in the samples was
measured for total ]251 activity.® One ml of 10% trichloroacetic

acid (TCA) was subsequently added, samples were-vortexed and one m1

>

of the supernatant was measured for the radioactivity in TCA so]ub]e_

125 ‘ e ’
I activity minus TCA-soluble activity gave the

H
¥
;
[N
=

fraction. Total

1251 activity associated with protein fraction and wis-taken-po

represent intact ]ZSI-LDL.

PRCS e e 4w S

AN

5.2.4.2 Protocol II

Female Spraque-Dgw]ey rats (250g), twenty-two in each group

P Y

(control and egperimental) were treated with d-Ng and placebo diets

! oy E4

as described in section 2.2.2. Potassium jodide was added to the

drinking water as described above.

Each recipient rat received 8 uCi of ]ZSI-VLDL alone (Study

I) or in combination with 2 uCi ofn]3]I}LDL (double label study)
in 0.5 m1 normal saline iﬁtravenously via a foot vein. At 5 min
post‘ihjection, a 50-70 u1 sample of blood was collected from the
tail vein into a heparinized microhematocrit tube to monitor the

amount of radioactivity injected. At each subsequent time point

o S O
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(0.17, 0.33,_0.5,'1, 2, 4, 6, 12, 18, 24 and 50 hr), two rats from
eaﬁh of the d-Ng and control g}oups were anesthétized with ether and
10 m1 of blood was drawn by aortic puncture into tubes containing
EDTA (1 mg/m1). Plasma was pooled and lipoprotein fractions VLDL
(d 1.006), IDL (d ].096—].0]9) and LDL (d 1.019-1.063) were 'S
isolated at appropriatérsalt densitigs by the method of Havel et al
(1956). ‘ ‘

A11 lipoprotein fractions were counted and concentrated by
ultrafiltration using amicon PM10 membranes. The loss of

radioactivity was proportional to loss of protein during

u]trafi]tratioﬁ The apolipoprotein B was isblated by isob%qpanol
precipitation (Holmquist and Carlson, 1977) and its sgecffic
activity determined. Briefly, 250 ul of the lipoprotein
(approximately 1 mg protein/ml) was extracted with an equal volume
of isopropanol and the apolipoprotein B pelleted by centrifugation.
The pellet was washed wigi 250 J1 of isoprdpanoi:sa]ine (1:1,

v/v). Lipids were then extracted wiéh 1.0 ml of
methanol:chloroform:diethyl ether (2:3:5, v/v/v) and finally washed
with diethyl ether alone. The apo]ipéprotein B pellet was dried and

dissoTved in 0.1 N NaOH and radioassayed for 1251 ang 1311,

-~

protein contentbbf the sample was determined by the method o% Lowry

The

_E_gj_(iQSl) to determine the specific activity.
‘e

5.2.5 Calculation of Model Parameters

The LDL and apolipoptotein B specific activity time curves were

plotted semilogarithemically as a function of time. The curves were
-

M




oy

RTINS

. —

.

™

subjected to a computer programme (Provencher,1976) for the analysis
of multicomponent exponential decay data based on a nonlinear least
squares method (Bard, 1974). This provided the constants of

exponential rate of fall for each kinetically distinguishable pool.

5.2.5.1 Protocol 1

Further calculations were based on the method described by

.

Matthew (1957). The curves best conformed to a two pool model.

1. Fractional Catabolic Rate (FCR) = 1

1l

2. Absolute Catabolic Rate (A&R) Plasma level of Apo B XfFCR

s

wherg CA = Time zero intercept of slow phase
CB = Time zero intercept of rapid phase
a = Slope of slow phase
B = Slope of rapid phase

5.2.5.2 Protocol II
Calculations were based on the method described by Goodman and
Noble for two pool model (1968) or Goodman et al (1973) for three.

poo1 model.

~

t o
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Two Pool Three Pool

- R ' ' R

1. Pool Size (MA)
Ca * Gg Ch *Cg * ¢
2. FCR = -aCAMA-BCBMA -cCAMA-eCBMA-YCCMA
R R
3. Production rate = RaB R
ryCB+BCA CA+CB+C
Y a 8 Y

.
) Where R = Amount of isotope injected into pool A

-

(]
1}

Time zero intercept of slow phase

CB = Time zero intercept of intermediate phase
Cc = Time zero intercept of rapid phase

a = §1ope of slow phase

B = Slopé of intermediate phase

vy = Slope of rapid phase pecific activity time

5.2.6 Lipid Analysis
1
Plasma lipids were extracted and TG and CHOL concentrations
were assayed by methods previously described in section 2.2.4.

Variations in body weight and plasma lipids were assessed using the

- — — P
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T-test for unpaired samples Snedecor and Cochran (1967). Variance

is expressed as the standard error of the mean.

5.3. RESULTS

5.3.1 Turnover of Human ]ZSI-VLDL Apolipoprotein B in

d-Norgestrel-Treated Rats

The “apolipoprotein B specif1C'activity”?Br VLDOL was plotted on
a semilogarithemic scale over 6 hr following injection of human’
1251 _yLoL (Protocol 11, study I) as shown in Fig. 5.1. The
VLDL-apolipoprotein B decay curve best resolved into two exponential
functions. The clearance of VLDL-apolipoprotein B was enhanced in
d-Ng treated rats compared to controls. The kinetics of VLDL

turnover calculated from 125

[-VLDL-apolipoprotein B decay curve
are shown in Table 5.1; The higher initial specific activity of
VLDL-apolipoprotein B in d-Ng treated rats reflected the smaller
pool of apolipoprotein B {29 vs 75 ug) versus controls. THe FCR
was markedly highe; (5.88 vs 4.14 h-]) and values of t]/2 were

smaller in the treated rats. However, the production rates were
similar in both groups (117 vs 119 ug/hr) compared to controls.

5.3.2 Turnover of Human IZSI-LDL in d-Norgestrel-Treated Rats

Figure 5.2 shows the disappearance of radioactive LDL from

plasma, after the injection of human 125

[-LDOL into rats, as a
functipn of time (Protocol I). A1l values were normaliz00 ysing the
initial concentration of radioactivity in the plasma as 100%. The

clearance of LDL was markedly delayed in %-Ng-treated rats verzus

115
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FIGURE 5.1

Specific radioactivity of VLDL-apolipoprotein 8

following intravenous injection of
]251-1abe1]ed human VLDL into control (C) and
a-norgestrel-treated (E) rats. Each point
represents the value obtained from the mean

of two experiments, each obtained from pooled

plasma of two réts.
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TABLE 5.1.

KINETIC PARAMETERS OF
VLOL (S 20-400) APOLIPOPROTEIN B TURNOVER
IN d-NORGESTREL-TREATED RATS

\

Half-Life of Phase o VLDL-apo .B
Group I I1 FeRD POOL SIZE PR

\
hr h! ug ug/hr
, » 7

Control 0.13 1.50 - 4.14- T —T5 119
Norgestrel® . 0.11  1.13  _ 5.88 29 N7

\

2 Dose Qgs 4 ug d-norgestre]/day .kg body wto'75 for 18 days

Frattioﬁal catabolic rate /
F Production rate ‘
¥ &
3
‘ \




FIGURE 5.2

»

* =.” The plasma éleé%ance of 12‘SI—labeHed human LDL

‘ ; i COptfél/fC)jand d-norgestrel-treated (E)

K

‘rats.- Each value represents the Mean * SEM of

_-. 4 experiments,

. S
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controls. The plasma die-away curves of I-LDL were .

multiexpontial and the decay curve best conformed to a two pool

model. Table 5.2 shows the kinetic parameters of LDL clearance.
FCR was significantly lower and the half-life of the slow phase

significantly higher in the treated rats a compared to controils.

Absolute catabolic rate was not affected by d-Ng treatment.

5.3.3 Turnover of .Rat 1%? I1-VLDL Apolipoprotein B in

&0 —
d-Norgestreel-Treated Rats

The values for specific activity of ]25L apolipoprotein B in

125

VLDL, IDL and LDL over 50 hr following injection of 1-VLDOL were

plotted on‘é semilogrithemic séije (Fig. 5.3). VLDL-apolipoprotein
B clearance was enhanced in the treated versus control rats. The

kinetics of VLDL turnover calculated from 125

I-VLDL-apolipoprotein
B decay curve are shown in Table 5.3. The higher initial specific
activity of.VLDL-apolipoprotein B in d-Ng-treated rats as compared
to controls ref]ected'the smaller pool of apb]ipoprotein B. The

fractional catabolic rate of VLDL-apolipoprotein B was markedly

]). However, the production rate was

similar in the two groups (157 vs 141 ug/hr).

-

For the purpose of clarity,- the va[yes for specific activity of )

5.3.4 Precursor-Proéuct Relationship Between Different Lipoproteins
]ZSI-apolipoprotein B in VLDL, IDL and LDL over 50 hr were plotted
on a linear scale as a function of time on log scale to study the *..™.

precursor-product relationships between the different lipoprotein

YOERRY

v



TABLE 5.2

KINETIC PARAMETERS® OF

-

251 LABELLED HUMAN LDL CLEARANCE
IN d-NORGESTREL-TREATED RATS

<

Half 1ife of phase LDL-apo B

GROUP I I1 FRCC POOL SIZE

Control

(n=4)

Norgestre]a

(n=4) .

+

as

2 values expressed as mean *.3

b Dose was 4 ug d-norgestres/dhy.kg body wto'75

for 18 days

¢ Fractional catabolic rate

d Absolute catabolic rafe )

¢ Significantly different from control (p<0.08)

~




.

A gy
e L 2 NN

TG NG

W
°
L]

PN

2

2%
i

.
o

e "‘,‘,
SR
-

R

g
% ‘&g i?"

5ok
ﬁg
b

4

G
1'%

£
A
\ g

w’f?;?}

sk
.

e

I3
1}

gé -
%%
& FIGURE 5.3
Specific radi&activity of apolipoprotein B of
VLDt, IDL and LDL following intravenous injeqtion‘\
-of ]zsls]abe11ed rat VLOL in control (C) and
. d-norgestrel-treated (E) rats. Each point
repr;sents the value obtained from the pooled
N plasm; of two rats.
; .
P -




~ W 4
-
2 *
-
i [~ ° o ”
ﬂm i 1w
\* ] .
4 .
(el -d _J
533335 M
> > = 4y ¢
' ' [T ] f
OwowoOow 18 :
Hc-. 71 ”
ow dd
o 3
T o
T w
o«
>
@)
T
1
Jdo
.
1 I
: o o o o
. o o o -
d o o - >,
o - -
: utajosd 6 wdo ’
.” ALIAILOV D14103dS |
5 . . .




125
TABLE 5.3 ,
KINETIC PARAMETERS OF
P RAT '251.vLDL-APOLIPOPROTEIN B TURNOVER
IN d-NORGESTREL-TREATED RATS
Half-1ife of phase VLOL-apo B
/ -
b es c®
e Group I ' II ITL FCR Pool Size PR
, -1 i
hr h ug  wg/hr
Control 0.1 3.0 27 2.3, 424 14
- Norgestrel® 0.1 2.5 16 4.2 21T 157

2 Dose was 4 ud d-norgestrel/day/kg body‘wto'

]

75

b Fractional catabolic rate

¢ Production rate

for 18 days.




by

R T4

2

T U DIy oo, e AR AT TE RN

- ACTHITIIN RIS LN Sy st g

L

!

e

/J

128

¢

—_

fractions as illustrated in Fig'5.4. Faster clearance of

—

VLDL-apo1ihoprotein B in d-Ng-treated rats was accompanied by a
rapid r}se of IDL-apolipoprotein B specific activity which peaked
before the IDL-apolipoprotein B specific activity curve for
controls. The IDvhapolipoprotein B specific activity curve declined
faster in the tre@ted versus control rats. In both the groups, the
IDL-apolipoprotein B and LDL-apolipoprotein 8 specffic activity time
curves reached maximal values well before intersecting
VLDL-apolipoprotein B curves indicating direci input of these

i

lipoproteins independent of VLDL decay.

5.3.5 Turnover of Rat ]3]I-LDL Apolipoprotein B in

d-Norgestrel-Treated Rats

Fig. 5.5 and 516 show, respectively, the LDL-apolipoprotein B
absolute specific activity curves and the LDL-aﬁé]ipoprotein B
relative specific activities expressed as percent of the h1ghest
1n1t1a] value (10 min post injection) following the 1nJect1on ofi
]311 LOL in treated and control.rats. Clearance of*
LOL-apolipoprotein B was defihitefy delayed in the d-Ng-treated rats
compar;z t? controls. “The kiwetic parameters of LDL-apo]ipoprotein‘
B turnover (Tab]é 5.4), calculated from data in Fig. 5.5, indicated
a longer half-life and lower fngctipnal catabolic rate (1.49 vs 4.71

hr']) with a markedly larger pool size (840 vs 414 ug) of

Zpgljpoprotein B in the tre;?ed versus control rats. However, the

>

production rate of apolipoprotein B was sihi]ar in both groups (127

vs 121 ug/hr).

t
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FIGURE. 5.4

'Precursor-Product relationship of different

’ abélipoprotein B containing lipoproteins.
Specific radioactivity of apo]%boprofﬁin B of
VLDL, IDL and LDL fé]]owing intravenous injection
of.]zsl-]abe11ed rat VLOL 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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FIGURE 5.5

Specific radioactivity of LDL-apolipoprotein B

following intravenous injection of

]3]j-]abe]1ed rat LDL into controls (C) and

d-norgestrel-treated (E) rats. Each point
s

‘represents the value obtained from the pooled

plasma of tWo rats.
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Specific radioactivity of LDL-apolipoprotein B°
expreséed as percent of the inftianhighgst
specific gctﬁvity (10 min post injection),

following intravenous injection of.
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<

[-labelled rat LDL. Each point«repre§ents

—

FIGURE 5.6
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the value obtained from pooled plasma of two rats.
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. .7 KINETIC PARAMETERS OF . 5
T - . ‘ K . .
<. . RAT "T1-LoL-APOLIPOPROTEIN B TURNOVER
e .. IN d-NORGESTREL-TREATED RATS
. i j"‘ '.

! ) ¢ e s
\ : " _Half-1ife of phase ' " LDL-apo B g < /
« (}". A . B . - \ «

group- .. I I I < FRR® Pool Size PR

@
-

T e ‘ . /\/ o ) )
‘ ~ ' hrss T h ", ug . ug/hr

F 2 ZN PR % B A 121
4.2 /{.5 s 840 127 °
0.

L e .
2 pose was 4 ug d-norgestrel/day/kg body wt

0.75 for 18 days.’
b 'F;‘;c\'f:‘tiona‘lv cataboljc rate = . \1.” . s

-
2

"€ Production rate o L
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5.4 DISCUSSION -

The present studies provided new insight into the mechanisms

.

underlying altered lipid levels which occur during treatment with

d-?g. The studies of lipoprotein turnover were'b%rformed with

} - labelled lipoproteins prepared from human plasma as well as with

e T T AL
B n e BT b, TR A R0
R AR T NN
M IR Y ¥

»

- homologous lipoproteins obtained from the same specie.
The curves obtained following administration of labelled

"lipoproteins were curvilinear and could be resolved into two or

OB N ORR

three single exponential conponents in each group. This has been

SO

interpreted to represent either (i) a rapid equilibration phase with

Qs

_._..
.
e p— SRR
.
.

one or more extravascular pools and longer phases of jrreversible ‘
decay or (ii) a heterogenous population of lipoprotein particles
with different catabolic rates. The specific radioactivity t:ah\\
curves of rat VLDL-apolipoprotein B and rat LDL-apoliggprotein B
best conformed tﬁ a three pool modg] as it provided a significantly

¥

~better fit than the two pool model (Goodman et al, 1973). Marcel et

al (1978) have reported a three expoﬁentiaﬂ system for LDL catabolic

pathway in swine. It is noteworthy however that the interpretation

S

of the results by two pool 6r three pool model did not change the
ultimate observatién that d-Ng affects the apolipoprotein B

- catabolism of VLP[ and LOL.

“« -

o . - The significtantly lower mean plasma triglyceride level in the

- treéted-group versus controls (49 £ 5 vs 66 + 7 mg/dl, p<0.05)

was cpnsistént with the iower VLUt-épo]ipobrotéin B pool. The ~ .

\
1

A d
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decreased podl size was re]aped mainly to an increased fractional
catabolic rate of VLDL-apolipoprotein B, since the production rate
was essentially unchanged b; a:Ng (Table 5.4). The-ha]f-life of the
third phase was markédly increased compared to controls, however,
d-Ng‘did not alter the configuration of the\decay curves.

In contrast to increéked fractional catabolic rate of
VLDL-apolipoprotein B, d-Ng treatment lowered the fractional
qgtabofic rate gf LDL-apolipoprotein B. This was reflected in the
longer ha]f—]i;es of all the three phases of LDL-apolipoprotein B.
This consequently resulted in an increased pool size of
LOL~apolipoprotein B (Table 5.4). In agreement with this finQing,
plasma CHOL concentration was significantly higher (64 £ 2 vs 54
* 3 mg/dl, p<0.05) in treated versus control rats. The
production rate of LDL-apolipoprotein B was not affected by d-Ng
treatment. The primary effect of d-Ng on lipoprotein metabolism
appeared to be on the apolipoprotein B catabolism in both VLDL and
LOL.

‘ The turnover of VLDL-apolipoprotein. B after 1njéction of
labelléed VLDOL iso1ag§d from the human piasma compared well
quélitative]y with the results obtained following admigistration of
labelled rat VLDL. However, the results were not comparable in
absolute terms. Human VLDE-apolipopﬁotein B cleared much faster
(appréximate]y 1.5 to 2 fold) compared to rat VLOL-apolipoprotein
B. Within 6 hours of VLDL administration only 3% human
apolipoprotein éa;emaiNed in the plasma compared to 17% of rat .

VLDL-apolipoprotein B. This suggests that human VLDLTapolipoprotein

is not completely analogous to the rat VLDL-apolipoprotein B. It is
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also known that rat VLDL contains apolipoprotein B-48 along‘with

apolipoprotein 8-100 and the injection of human_VLOL which contains

,'on]y apolipoprotein B- ]00 may not equilibrate with rat VLDL

apolipoprotein B in a homologous manner.

The catabolism of VLDL is a stepwise process involving
initially the formation of remnants which may then be either
catabolized to form LODL or directly removed from ¢irculation without
the formation of LDL (Re%rdon et al, 1978; Barter and Nestel, .
1972). This latter pathway is'egpecially important in the rat.
Eisenberg and Rachmilewitz §]973a, 1973b) have shown ;hat in rats
the major part of plasma VLDL-apolipoprotein B removed from the
circulation is degradéd, presumably in liver, without conversion to
LDL. © Although, the ultimate effects of d-Ng on VLDL receptor
}nteraction can not de ascértained from the present séudies, one
ngsible mechanism underlying increased catabolism of VLDL and IDL
could include increased uptake of thésé lipoproteins by hepatic
receptors (Brown et al, 1981). Two distinct lipoprotein receptors,
apol1poprote1n E and apo11poprote1n B E, are known to exist which
med1ate the uptake of CM remnants and LDL respectively (Mahley et
al, 1981; Hui et al, 1081; Sherrill et al, 1980).

Secondly, increased enzymatic activity df lipoprotein lipase
and/or hepatic triglyceride lipase, primarily responsible for the
conversion of VLbL to IDL and to LDL could also account for enhanced
catabolism of VLDL and IDL observed in the present experiments with
d-Ng. Hepatic trig]ycéride lipase has been shown to be elevated by

norgéstre] treatment in humans (Tikkanen et al, 1981a) and depressed

3
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; - by estrogen treatment (Appe]baum_;i_gl, 1977). Human hepatic-

riglyceride lipase has been shown to have a high affinity for IDL

T,

Nicoll et al, 1977) and therefore may play-a rolegin its
catabolism. Murase and Itkura (1981) and Goldberg g}_gl_(1981) have

suggested that blocking hepatic triglyceride lipase in rats or

-

monkeys may impair the catabolism of IDL. HoWever, it has been

\

suggested that in man, lipoprotein lipase is the rate-limiting

enzyme (Reardon et al, 1982). .

T mE

Comparison of the specific activity time curves of VLDL, IDL

- and LDL (Fig 5.4) allowed an examination of the precursor-product

relationship between these fractions as previously{ﬁscussed by

Lilversmit (1943). LDL-apolipoprotein B specific activity time

VAT NGO ARG i, ey,

curves reached maximal values well before intersecting

IDL-apolipoprotein B or VLDL-apolipoprotein B decay curves

PERYEE

indicating the presence of LDL-apq]ipoproteid B production
independent of VLDL-apolipoprotein B catabolism. This has

- previously been demonstrated by Fidge and Poulis (1978).
Nevertheless, the direct input of LDL into plasma did ndt seem to be

affected by d-Ng treatment because the fraction of

ol

LDL-apolipoprotein B-derived from cataboljsm of VLDL-apolipoprotein

125

B (calculated from-the ratio of I-apolipoprotein B specific

activity of LDL to VLDL when LDL specific activity reachéd maximal

g o

value, Reardon et al, 1982a) was similar <in the twa»groups (0.25 vs
0.24). The total apolipoprotein B synthesis was also unchanged by
d-Ng treatment.

The increased size of the LDL-apolipoprotein B pool in d-Ng
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tmited rats Table 5.4) appeared to be related to impaired removal

of the LDL-apolipoprotein B because the fractional catabolic rate

BN A

was decreased whereas the production rate was unchanged. A possible

mechaﬁism to account for delayed metabolic degradation includes

/ impaired LDOL degr@dation by receptor-dependent or
receptor-independent processes .in d-Ng treated rats. Sykes et al
(1981) have reported decreased receptor dependent as well as
receptor independent function in propylthiouracil-induced

hypothyroid rats which led to increased LDL-CHOL concentrations.

ST s gt e aay v

Large pharmacological doses of ethinyl estradiol, which drastically

<%

Tower plasma LOL, have been shown to increase the number of hepatic

3 ,» receptors for LDL in the rat (Davis and Roheim, 1978; Windler‘gi_gl,

1980). d-Ng, although fed in physiological doses.could act by a

: \ converse mechanism through reducing receptbr. activity in
o -~

N e can o

d-Ng-treated rats.
d-Ng had reciprocal effects on the clearance of

| ‘hVLDL-apolipoprotein B and LDL-apo]ipop;oteﬁn ét Thg‘catabolism of
VLOL-apolipoprotein B was enhanced whereas that of \\{
LOL-apolipoprotein B was delayed. This is plausible si%te the
Watanabe heritable hyperlipidemic (WHHL) rabbit model has made c]eaﬁ
that the receptor§ for apolipoprotein B-48 containing 1ipoproteins
differ from those containing apolipoprotein B-100 (éoldstein.gg_gl,
1983). Despite the deficiency ofﬁiepatié‘LDL receptors in WHHL
rabbits, the CM and their remnants that contain apolipoprotein B-48

are cleared rapidly and normally from the circulation. However, a

selective elevation of all the apolipoprotein B-100 containing .

[ 4
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1ipoprotéins (VLDL, IDL and LDL) occurs. The rat differs from -
rabbit as the rat VLDL also contains a substantial amount of
apolipoprotein B-48 which may mediate the uptake of_some of the VLOL
by the chylomicron remnant (apo]ipoprotein E) receptors. Studies of
Sparks and coworkers have demonstrated that the hepatic catabolism
of¥a subpopulation of TG-rich lipoproteins coﬁtaining BL (B-48) is
faster and differs from lipoproteins containing BH (B-100) (Sparks
and Marsh, 1981; Sparks et al, 1983). Furtﬁermore, Cooper et al
(1982) hav;_suggested that VLDL remnants share the same hepatic
removal mech%nisms in the rat. On the other hand, LOL would be
mainly cleared by the hepatic and extrahepatic LDL (apolipoprotein
B E) receptors sipce LOL has no affinity for the E receptors.
Therefore it cou]& bé postulated that d-Ng increased the activity or
number of apo]iboprotein E receptors that recognize VLDL remnants
and decreased the activity or number.of LDL ( apolipoprotein B E)
receptors. | :

Thesé divergent effects of d-Ng on apolipoprotein- B metabolism
in VLOL, IDL and LBL explained and were cons{stent with the
triglyceride-lowering and cho]estero]-g%evating effects observed

during d-Ng administration.
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CHAPTER 6

— EPILOGUE -

The objectives~of the present investigation were to examine the
effects of d-Ng on the®lipid levels in the rat and to further our
understanding of thé mode of its action. This was important because
only a few reports exist on the separate effecfs of progestin and
estrogen on lipid levels of the treated subjects.

Initial experiments weré designed to test the effects of d-Ng and
17 gp-estradiol separately on 1ipid and lipoprotein 1evéls in the
rat. The results showed that d-Ng fed to female rats in Tow dosé¥™
exhibited hypotrig]yceridimié and hypercholesterolemic effects. The
hypotriglycerdemic effect was attributed to a pronounced and
proportional reduction of TG and PL components of the VLOL. In )
contrast to its triglyceride-lowering effect, d-Ng significantly
elevated the plasma total and LDL-CHOL levels. Concurrently, LDL-PL
also rose significantly, in proportion to the rise of LDL-CHOL.

Treatment of rats wiEh therapeutic dose of 17 g-estradiol did
not change plasma lipid or 1ipoprote{n levels significant]y.u
Nevertheless, a trend towards reduction of plasma total CHOL and
LOL-CHOL was observed.

Experiments were undertaken to study the acute effects of d—&g on

triglyceride synthesis and‘secretioﬁ;uti1izing isolated rat hepatocyte

¥
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suspensions. The incorporation of labelled precurso}s, [9, 10-3H]
palmitate and [U-]4C]'g]ycero1 into hepatocyte triglycerides and
triglycerides released.into the medium was studied in the presénce or
absence of d-Ng\( .1 mM). d-Ng significantly reduced the
incorporation of both precursors into hepatocytic trig]yéerides. The

percent inhibition ranged from 19-20% in a 60 min time study. The

P by i S R B R P S VI R
{

p incorporation of precursors into triglycerides released by hepatocytes

(mainly in density fraction less than 1.006 corresponding to VLDL) was

Fro rvyvenes v

also reduced (51-54%) by d-Ng.

Wy

Dimethylsulfoxide was used to disperse d-norgestrel in the

Y

.

acqueous medium. In the concentrations employed (0.1% to 1.0%)

dimethylsulfoxide had néfeffects of its own either on triglycerides

e % b

synthesized or triglycerides released by the hepatocytes. d-Ng

. ) inhibited the TG formation in a dose-dependent manner. With

fwgfée'- . o increasing medium DMSO ]eve]slﬁhe so]ubie concentration of d-Ng
;%t;kg;taf” oo | increased prog}essively resulting in progressiveT? greater inhibition
'L;_; - of TG synthesis by d-Ng. It can be postulated that d-Ng-induced

' - inhjgition of hépatic TG synthesis accounts for the reduction of TG

) secretion and lowering of 6lasma VLDL-TG levels.

Studies were extended to determine the mode of acfion of d-Ng by

examining its effects on the potential rate-limiting enzymes of the

i g]ycero]ipid‘}gihway. The activities of hepatic 1ipogenic enzyiies,
GPAT and PAPase were examined in different subcellular fractions
isolated from d-Ng-treated and control rats. The specific activity of
. N hepatic microsomal GPAT was significantly reduced by d-Ng, whereas

N hat of mitochondrial GPAT remained unaffected.
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* The hepatic microsomal PAaq dependent PAPase specific activity
was also significantly inhibited by d-Ng treatment. On the other

hand, d-Ng had no effect on the PA_ dependent PAPase speeific

activity eitns[ in microsomes or cytosol. These results suggested

that d-Ng acts by suppression of hepatic lipogenic enzymes in the
microsomal fraction leading to reduced esterification of free fatty

acids thereby resulting in lower triglyceride production and secretion

,
=
;
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by the liver. The interference with the assembly of TG molecule would
in turn inhibit the formation of VLOL. This explained in part the
lower plasma and VLDL triglyceride levels observed in d-Ng treated
rats.

‘ ;ﬁ? ! Thé second approach to study the mechanism of d-Ng action

included the examination of VLOL and LDL apolipoprotein B metabp]ism

- = in d-Ng-treated and untreated control rats following injection of

labelled lipoprotein particles. Studies were initiated by injecting

: labelled 1ipoproteins obtained from human. sources and the results

' suggested that clearance of VLDL-apolipoprotein B was enhanced in
d-Ng-treated raps{ Iq contrast, LODL partié]e clearance was
significantly delayed by d-Ng treatment of the rats as compared to
untreated controls. ‘ -

Further studies were done with homologous lipoproteins obtained
> from donor rats. The results confirmed the previous observations that
~ faster VLDL-apo]ipdprotein B c]egkance in the Ereated,rats resulted in

K $

a smaller pool size of VLDL-apolipoprotein B since the production

rates.were similar in d-Ng versus control rats. In contrast to higher

clearance of VLDL-apolipoprotein B, the LDL-apolipoprotein B

-
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fractional catabolic rate was lower in d-Ng treated rats. This caused
the markedly 1érger pool size of LDL-apolipoprotein B. The production
rates of LDL=-apolipoprotein B from both i) VLDL -apolipoprotein B

e

catabolism and (ii) direct input independent of VLDL catabolism

%
3

remained unaltered by the d-Ng treatment.
The primary effect_of d-Ng on Tipoprotein metabolism was on
apolipoprotein B catabolism. d-Ng had ré%iprocal effects; i; eﬁﬁgnced

VLDL-apolipoprotein B clearance whereas LDL-apolipoprotein B clearance

R T e e i

was reduced. These studies provided new insight into the mechanisms

that lead to the altered lipid levels during d-Ng treatment of the rat.
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