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Introduction: The statin-induced effects on high den-
sity lipoprotein (HDL) are relatively small compared
with those of low density lipoprotein (LDL) and, as a
result, most clinical trials of statins are underpowered
with respect to HDL parameters. This study experimen-
tally investigated, the effects of statin on serum lipids,
atherogenic index and examined the possibility of a re-
lationship amongst serum concentrations of HDL-C, ath-
erogenic index and activity of lecithin:cholesterol acyl
transferase. Method: Thirty albino rats equally divided
into 2 groups were used for the study. Group 1 was
given 0.05mg/g of statin daily for 28 days, while group
2 served as control. HDL concentration was determined
as a measure of HDL-C. Total cholesterol (TC), triglycer-
ide (TG) and HDL-C were determined spectrophotometri-
cally while LDL-C was calculated using the Frieldwald
formula. Effect on the activity of lecithin:cholesterol acyl
transferase was determined by the difference between
the amount of free cholesterol converted to cholesteryl
ester in the two experimental groups. Effects on body
and relative organs weights were also determined. Re-
sults: The administration of statin caused a significant
increase in serum concentration of HDL-C, while lev-
els of LDL-C, triglyceride and total cholesterol were re-
duced. Simvastatin caused a significant reduction in the
atherogenic index (TC/HDL-C; LDLC/HDL-C). The admin-
istration of statin significantly induced the activity of
lecithin:cholesterol acyl transferase (LCAT) as evident by
reduced serum concentration of free cholesterol when
compared with control. The administration of statin
caused reduced body and relative organs weights. Con-
clusion: The study showed that serum antihyperlipidem-
ic and antiatherogenic activity of statin may involve the
induction of LCAT.
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INTRODUCTION

The use of statins has revolutionized the manage-
ment of people at risk of having a cardiovascular event.
Several effects of statins have the potential to reduce
cardiovascular risk, with compelling evidence that the
statin-induced reductions in LDL cholesterol (LDL-C)
are implicated (Baigent ez al, 2005; Sipahi e al., 2006)
Currently, six different statins (simvastatin,pravastatin,
lovastatin, fluvastatin, rosuvastatin and atorvastatin) are
approved for treatment of hypercholesterolemia in hu-

mans (Brown, 2001). Despite differences in their phar-
macokinetic profiles, all statins have at least one charac-
teristic in common: they block the conversion of HMG-
CoA to mevalonic acid with consecutive attenuation of
the biosynthesis of cholesterol, which is associated with
a reduction in serum total and low-density lipoprotein
(LDL) cholesterol of as much as 20-31% and 28-42%
during chronic treatment (Andrew e/ al, 2001). Because
of these properties, statins have become the most widely
prescribed lipid-lowering drugs to patients with elevated
serum cholesterol levels. The discovery of statins led to
important improvements in the primary and second-
ary prevention of coronary artery disease (CAD). Initial
studies explored the impact of statin therapy on CAD
progression and regression. Although the angiographic
changes in response to therapy were modest, the accom-
panying clinical benefit appeared significant. Subsequent
large prospective clinical trials have provided unequivo-
cal evidence that cholesterol-lowering therapy with this
class of compounds not only reduces the major coronary
event rate in primary and secondary prevention, but also
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reduces all-cause mortality in secondary prevention. Sev-
eral large trials demonstrated that statins are not only
safe and well-tolerated but also significantly decrease the
cardiovascular morbidity and mortality in hypercholester-
olemic patients in both primary and secondaty preven-
tion (Shepherd ez al, 1995; Sacks et al, 1996; Down et
al., 1998). However, the striking benefit achieved with
statin treatment in patients with a wide range of choles-
terol levels, which cannot be attributed to their choles-
terol lowering effect alone, has raised the question about
the possible presence of additional effects of statins be-
yond their impact on serum cholesterol levels. Indeed,
in recent years a substantial quantity of data has accu-
mulated a notion that statins exert vatious effects on
multiple targets. Studies have shown that statin inhibits
the biosynthesis of isoprenoids which are essential for
the posttranslational modification of several proteins in-
volved in important intracellular signaling pathways (e.g.
small GTP-binding proteins Ras and Rho). Another
pathway affected by statins seems to be the regulation of
the activity of the enzyme cholesteryl ester transfer pro-
tein (CETP), which transfers cholesteryl ester to very-
low-densitylipoprotein (VLDL) and LDL (Bruce & Tall,
1995). This study thus sought to evaluate the regulation
of lecithin:cholesterol acyl transferase by simvastatin in
experimental animal model.

METHODS

Materials. Simvastatin drug was purchased from a
pharmacy in Ogbomoso, while the kits for measurement
of lipids and lipoproteins were LABKIT products of
CHEMELEX, SA (Barcelona, Spain). All other chemi-
cals used including solvents are of analytical grade.

Study design. Thirty adult Wistar rats with average
weight of 190 grams were purchased and housed in well-
ventilated wire cages to acclimatize for few days. They
were fed with regular pelleted animal feed and were
given unrestricted access to clean water. The protocol
conforms to the guidelines of the National Institute of
Health (NIH) (NIH publication 85-23, 1985) for labo-
ratory animal care and use. Animals were randomly di-
vided into two groups of fifteen animals each. Rats in
group 1 were orally administered simvastatin (0.05 mg/g)
per rat per day for 28 consecutive days. Group 2 served
as control (received drug-vehicle, water). On day 29,
the rats were sacrificed by cervical dislocation. The rats
were made to fast for 10—12 hours overnight and fasting
blood samples were collected through cardiac puncture
and then centrifuged at 1500 X g¢/min for 10 min to ob-
tain serum and stored at —20°C till further analysis was
done.

Determination of biochemical parameters. Anal-
yses of lipids and lipoprotein. Total cholesterol, tri-
glyceride, and HDL-C were analyzed using spectropho-
tometric methods, while LDIL-C was calculated. Total
cholesterol concentration in the serum was determined
spectrophotometrically using the cholesterol oxidase
method at 546 nm, 37°C (Allain ¢ a/, 1974). HDL-C
was determined by the spectrophotometric method of
(Assman ez al., 1983) at 500 nm, 37°C. Triglycerides were
determined using the spectrophotometric method (Buc-
colo & David, 1973). Low density lipoprotein cholesterol
was calculated using the Friedwald formula (Friedwald ez
al., 1972).

Estimation of atherogenicity. The atherogenic index
was estimated by calculating TC: HDL-C and LDL-C:
HDL-C ratios.

Lecithin: cholesterol acyl transferase assay meth-
od. The activity of LCAT was assayed in serum us-
ing the method of Hitz e al, (1983). Briefly, a pool
of serum was heated at 56°C for 30 minutes to inac-
tivate the LCAT. The inactivated serum was incubated
at 4°C for 15 minutes with 0.2% dextran sulfate, which
caused the elimination of two-thirds of the lipoproteins
(LDL+VLDL). This was sedimented by centrifugation
at 1750 Xg for 15 minutes. The supernatant containing
HDL was used as the substrate. A sample of the sub-
strate (0.6 ml) was mixed with 1.0 ml of isopropyl alco-
hol while the remaining mixture was incubated at 27°C
for 90 minutes. The precipitate was removed by centrif-
ugation and the supernatant was taken for the estima-
tion of free cholesterol present in the test sample at zero
time. After 90 minutes, a 0.2 ml sample of the incubated
mixture was mixed with 1.0 ml of isopropyl alcohol and
the remaining mixture was incubated at 27°C for a fur-
ther 90 minutes. At the end of 180th minutes, 0.2 ml of
the incubated mixture was treated with 1.0 ml of isopro-
pyl alcohol to arrest the reaction. The precipitated pro-
tein in all of the tubes were separated by centrifugation
and the free cholesterol content in the supernatant was
estimated. Control tubes containing only the substrate
were treated similarly to check for the complete inactiva-
tion of serum during substrate preparations. LCAT activ-
ity was expressed as a function of the disappearance of
free cholesterol during the incubation period.

Statistical analysis. Values were expressed as mean
+S.D. (standard deviation. Differences between groups
were  statistically compared using the students’t-test.
The results were considered statistically significant for

»<0.05.

RESULTS

Table 1 depicts the effects of simvastatin on serum
lipid profile. The administration of simvastatin caused a
significant increase and decrease in serum concentrations
of HDL-C and free cholesterol respectively (p>0.05).
Though not statistically significant, simvastatin reduced
serum concentrations of total cholesterol, triglyceride
and LDL-C. Simvastatin caused a significant reduction in
the atherogenic index (TC: HDL-C and LDL-C: HDL-C
ratios) (p>0.05). Table 2 shows the effects of the ad-
ministration of simvastatin on body and organs weights.
Simvastatin did not cause any appreciable reduction in
the body and organs weight (»<0.05).

Table 1. Effects of statin on serum concentrations of to-
tal cholesterol, triglyceride, HDL-C, LDL-C and the activity of
lecithin:cholesterol acyl transferase in albino rats.

Lipid Parameters (G,\/r‘oig.é.) (Eﬂrci_usp.)DZ')

Total cholesterol (mg/dl) 1.84+0.312 1.98+0.482
Triglyceride (mg/dl) 0.86+0.25°  0.96+0.40P
HDL-C (mg/dl) 1.33+£0.192  1.10+0.12>
LDL-C (mg/dl) 0.25+ .172 0.45+0.512
TC/HDL-C 1.36+0.122  1.72+0.30°
LDL-C/HDL-C 0.17+0.03=  0.38+0.21°
Free cholesterol ( index of LCAT 0.06+0.052  0.18+0.08°

activity) (mg/dl)

Values are means +S.D.; n=15. Values bearing different alphabets in
the same row are significantly different (p<0.05).Group 1: animals given
therapeutic dose of statin; Group 2: animals that were not given statin
i.e. control.
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Table 2. Effect of the administration of simvastatin on body and visceral organs weights in rats.

Groups body weight gain (g) weight of liver (g) weight of heart (g) weight of kidney(g)
Group 1 45.13+£3.05a 241+0.11a 0.38+0.02a 0.45+0.01a
Group 2(control) 60.20+1.64b 2.85+0.14a 0.41+0.07a 0.49+0.01a

Values are means + SD; n=15. Values bearing different alphabets in the same column are significantly different (p<0.05).Group 1: animals given
therapeutic dose of statin; Group 2: animals that were not given statin i.e. control.

DISCUSSION

Hypercholesterolemia is a known and significant risk
factors for the development of coronary heart disease
(CHD) and death (Masumoti ¢# al., 2002). The epidemio-
logical study established that a high concentration of se-
rum cholesterol confers a high risk of CHD. Although,
the use of statin in the management of hypercholester-
olemia had been demonstrated as first-line pharmaco-
therapeutic agents, the effects of statin on atherosclero-
sis and lipid levels in animal models are very paradoxi-
cal (Guohua ez al, 2011). While Bea e/ al., 2002; Wang
et al, 2002 and Choudhury, e/ al, 2004 and showed
that the administration of simvastatin to apoE-deficient
mice caused a significant elevation of plasma cholester-
ol, Masunorti ¢z al., (2002) demonstrated that simvastatin
caused a reduction in plasma concentration of total cho-
lesterol. Our data was in agreement with Guohua ez /.,
2011 who reported that the administration of simvastatin
to apoE-deficient mice fed a high cholesterol diet caused
a reduction in plasma total cholesterol levels.

In this study, HDL-C concentration was increased by
the administration of simvastatin. One of the objectives
of this study was to determine and compare the concen-
trations of HDL-C in rats administered simvastatin and
healthy controls and to investigate the relationship be-
tween possible changes in serum HDIL-C concentration
and the activity of lecithin:cholesterol acyl transferase.
The administration of simvastatin significantly increased
concentration of HDL-C. Although, previous studies re-
ported the ability of statins to increase the concentration
of HDL-C (Jones et al, 1998; Jones et al., 2003; Assman
and Gotto, 2004; Shubhangi e/ a/, 2013), findings here
further affirmed this capacity. A risk factor for the car-
diovascular disease includes a low serum level of HDL-
cholesterolol. Low level of HDIL-cholesterol has been
linked to an increased risk of CVD through series of
epidemiological and clinical studies (Barter ez af., 2007).
HDL-C is actively involved in reverse cholesterol trans-
port; hence its low level plays a direct role in the athero-
genic process. Raising HDI-C is widely encouraged as
a means of reducing the predisposition to atherogenesis.
In this study, treatment with simvastatin led to a signifi-
cant elevation of plasma HDL-cholesterol, indicating its
protective role against CVD. Studies have shown cardio-
protective activities of statin administration (Gordon ez
al., 1977; Mackness ¢f al., 2000).

HDL plays a prominent role in lipids metabolism. The
inverse correlation between HDL levels and cardiovas-
cular heart disease risk has been explained by the abil-
ity of HDL to remove cholesterol from the peripheral
circulation and deliver it to the liver for excretion in the
bile, in the process known as reverse cholesterol trans-
port (Endo ez al, 1977). Reduced serum concentration of
high density lipoprotein, even in the presence of reduced
low density lipoprotein, has been linked to the occur-
rence of cardiovascular disorder. Since the original semi-
nal hypothesis of Gordon ez al. was proposed in 1977

(Sposito and Chapman, 2002), the atheroprotective role
associated with HDL has become widely recognized. A
plethora of potential mechanisms that may account for
the cardioprotective effects of HDL have been docu-
mented, several of which may be mutually interactive
and, indeed, synergistic. ApoB100-containing particles
deliver cholesterol to peripheral tissues and to the devel-
oping plaque, whereas HDL, primarily through the scav-
enger receptor class B type I (SR-BI/Cla-1) and LIMPII
analogous 1 (CD-306) receptor on human macrophages,
is able to pick up cholesterol from atherosclerotic plaque
and return it to the liver for excretion in form of bile
acids. Although reverse cholesterol transport is one of
the major functions of HDL particles, HDL exerts sev-
eral other potentially anti-atherogenic actions.

Simvastatin equally caused reduction in the mean se-
rum concentrations of triglyceride, total cholesterol and
LDL-C. In addition to decreasing LDI.-C concentration
through the inhibition of HMG-CoA reductase, the en-
zyme involved in the rate limiting step of cholesterol
biosynthesis, statins lower triglycerides and modestly in-
crease HDL-C (Matsuda ef al, 1993). This has been fur-
ther confirmed in this study as the mean value of HDL-
C and mean value of TG was observed to be moderately
increased and slightly decreased respectively. An overall
decrease was observed in the mean concentration on to-
tal cholesterol, triglyceride and LDIL-C of the test group.
This overall decrease could be as a result of the lipid
lowering effect of simvastatin which inhibited the en-
zyme HMG-CoA reductase involved in the rate limiting
step of cholesterol biosynthesis. This finding is similar to
the report of (Galle ez al., 1994). Rosenfeld 7 al., (1983),
reported that in the atherogenic dyslipidaemias, statins
act to decrease levels of atherogenic lipoproteins and to
re-establish equilibrium between cardioprotective HDL
and atherogenic ApoB-containing lipoproteins. As a con-
sequence, cholesterol efflux from the plaque is enhanced,
whereas cholesterol influx from atherogenic lipoproteins
is considerably diminished. A decrease in plaque choles-
terol and macrophage content decreases inflammation
and enhances plaque stability, resulting in a decrease in
cardiovascular events. This is in line with the decreased
mean concentrations of total cholesterol, LDI.-C and tri-
glyceride and increased mean concentration of HDL-C
observed in this study.

HDL has various species, identified on the basis of
their major apolipoprotein (apo) components (apoA-I or
apoA-II), density (HDL2 and HDIL3) and electrophoretic
mobility (¢ and pre-B) (Vakeva ez al, 1994). Changes in
HDL levels more closely reflect variations in the HDL2
subfraction rather than HDIL3. Several studies have
shown that low levels of HDL2 and HDL3 are associ-
ated with increased progression of atherosclerosis and
risk of cardiovascular disease (Fleisher e a/, 1982).Since
HDL and ApoA-I constitute major treceptors of cho-
lesterol in the cholesterol efflux, increasing HDL levels
may increase cholesterol efflux and reverse cholesterol
transport, contributing to reduced cardiovascular disease
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risks. Many attempts have been made to enhance HDL
levels as anti-atherogenesis therapy (Bela ez a/., 2009) and
one of such are statins which could decrease intracellular
hepatic cholesterol and up-regulate LDL receptors (Fran-
cone & Fielding, 1991) which remove both LDL and
triglyceride-rich lipoproteins (VLDL and IDL) from the
circulation, thereby reducing plasma LDL and triglycer-
ide levels. In addition, statins could also raise HDL lev-
els (Wang ez al., 1997) which may be mediated through
increase in the synthesis and secretion of apoA-I (Guo-
hua ez al., 2011). Several intervention studies in both pri-
mary and secondary prevention support the benefit of
treating patients who have low HDL levels with a statin
to decrease cardiovascular risk in primary and secondary
prevention settings (Getz ef al., 2009). All of these pre-
vious studies correspond with the significantly increased
mean concentration of HDL-C obtained recorded when
simvastatin was administered to rats in this study.

This study investigated the effect of simvastatin on
rate of disappearance of free cholesterol (as an index of
LCAT activity) and assessed any relationship between
changes in serum concentrations of HDL-C and the rate
of disappearance of free cholesterol. Results from this
study showed simultaneous increase in the serum con-
centration of HDL-C and reduced free cholesterol level
ie. increased rate of disappearance of free cholesterol
(increased LCAT activity). The implication is that the
maturation of HDL particle is associated with enhanced
LCAT activity causing reduced serum concentration of
free cholesterol due to its increased rate of conversion to
cholesteryl ester. However, the shortcoming is that cho-
lesteryl ester was not measured to further support this
observation. A fundamental key aspect of HDL metab-
olism, in terms of the ability of the particle to protect
against atherosclerosis, is the recycling of apo A-I and
the other HDIL apolipoproteins between the lipid-free
and the lipid-associated forms. This process is known
as particle remodeling. This recycling delays the clear-
ance of lipid-free apolipoproteins via the kidney and,
thus, maintains HDL levels in the plasma (Nandagopal ez
al., 2008) Lecithin:cholesterol acyl transferase(LCAT), a
63Kda glycoprotein enzyme which is synthesized in the
liver and secreted in the plasma (Packman ez al, 1985;
Zeiher ef al, 1994) facilitates HDL recycling by con-
verting discoidal particles into larger, spherical ones. As
LCAT esterifies the free cholesterol in the HDL discs,
the resulting cholesteryl esters are sequestered into the
center of the particle; and the discs become spherical
in shape. This remodeling depletes the particle surface
of cholesterol and establishes a concentration gradient
down which additional unesterified cholesterol moves
from the cell membranes and other lipoproteins into
the HDL fraction. In maintaining the gradient between
the cholesterol content of the peripheral cell and HDL
in plasma, LCAT plays a critical role in the initial steps
of reverse cholesterol transport (Sugiyama e al., 1968).
This study implied that simvastatin enhanced activity of
lecithin:cholesterol acyl transferase.

Since studies have shown that simvasstatins lower the
blood lipid level by inhibiting HMG CoA reductase caus-
ing reduced synthesis of cholesterol (Nofer e/ al., 1998)
and it has also been established that LCAT catalyzes the
esterification of cholesterol during the reverse cholesterol
transport process (Curtis and Plow, 1984). This present
study showed that cardioprotective property of simvasta-
tin may not only be by inhibition of HMG CoA activ-
ity thereby reducing endogenous cholesterol biosynthesis,
but may also include induction of LCAT activity thus
promoting esterification of free cholesterol.

In this study, the body and organs weight in simvas-
tatin administered rats were decreased significantly when
compared with control animals. The hypolipidemic and
antiatherogenic effects of simvastatin may be responsible
for the beneficial action of this drug on body and organs
weights. (Koller e al, 1982) reported similar findings
with topiramate, atorvastatin per se and the combination
of topiamate + atorvastatin in cafeteria diet fed animals
significantly decreasing the weight of kidney, liver, spleen
and heart.
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