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Background: Insulin resistance is considered to be the underlying pathophysiology of the obesityrelated cardiovascular risk factors in metabolic. The role of lipid lowering drugs in the treatment of
insulin resistant states and metabolic syndrome is significant. Objective of the present study was to
determine the effects of Simvastatin and L-carnitine, individually and in combination, on plasminogen
activator inhibitor-1 levels as Cardiac Risk Factor in obese insulin-resistant Sprague-Dawley (SD) rats.
Methods: Eighty healthy SD rats were divided into 5 groups of 16 rats each. Group-1 was given
normal pellet diet and served as control while the rest were given high fat diet (HFD) to induce obesity.
After two months of HFD, insulin resistance was confirmed and drug administration was carried out for
one month in groups 3, 4 and 5 while group-2 served as control for them. At the end of this period,
Plasminogen activator inhibitor-1 level was measured. Results: Plasminogen activator inhibitor-1
(PAI-1) levels were raised significantly in the group given HFD (11.78±3.58 ηg/ml from 2.66±1.80
ηg/ml in Group 1, p<0.001). Compared to HFD group 2, PAI-1 levels were significantly decreased in
both simvastatin (5.80±1.65 ηg/ml, p<0.05) and combination therapy group (6.315±1.88 ηg/ml,
p<0.05) but decrease was statistically insignificant in carnitine monotherapy group (10.20±1.8 ηg/ml).
Conclusion: The combination therapy of simvastatin and levo-carnitine resulted in greater
improvement in plasma PAI-1 levels as a cardio-vascular disease risk factor in diet induced obesity
than either of the drugs alone.
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INTRODUCTION
The mass ownership of personal transport, processing of
food, consumption of carbonated sodas and increasingly
sedentary
occupation-processes
termed
‘cocacolonization’ by Paul Zimmet, all have contributed
towards an unprecedented change in environment over a
very short period. Energy dense foods are available to
masses at low cost and with minimum effort. The result
has been a dramatic increase in obesity occurring in
both children and adults in recent years.1 A 2002 study
showed that nearly two thirds of the US adult population
is now either overweight or obese.2 Around the same
time, a study conducted in Pakistan showed 25% of
Pakistani population to be overweight or obese
according to the Asian-specific BMI cut-off value of
23% and 10.3% to be obese according to the BMI cutoff value of 27. Obesity is a major public health
problem in Pakistan.3 Compared with populations in
industrialised countries, those in the developing world
appear to be at greater risk of the diseases associated
with overweight, and cardiovascular disease has become
the leading cause of disability and death in many
developing countries.4
Although increasing body weight, as defined
by BMI, is a strong predictor of metabolic disease risk5,
for any given degree of obesity, there is considerable
variability in the manifestation of type 2 diabetes and
atherosclerosis6. One probable explanation for these

differences is that individuals with the same BMI may
have very different amounts of visceral (also referred to
as ‘central’ or ‘abdominal’) fat, the adipose tissue
known to be associated with the greatest metabolic risk.7
Although insulin resistance is now considered
to be the underlying pathophysiology of the obesityrelated cardiovascular risk factors in metabolic
syndrome (MetS)8, studies suggest that there is more to
pathophysiology of the metabolic syndrome than insulin
resistance alone9. One of the most consistent
pathophysiologic features has been evidence of chronic
systemic inflammation.10 Numerous adipocyte-derived
pro-inflammatory markers are highly correlated with the
degree of obesity and insulin resistance11; many of these
inflammatory markers are, in turn, highly predictive of
vascular disease risk12. Hepatic synthesis of C-reactive
protein, fibrinogen and Plasminogen activator inhibitor1 (PAI-1) is induced in response to adipocyte-derived
pro-inflammatory cytokines such as TNFα and IL-6 and
MetS is associated with impaired fibrinolysis
characterised by elevated plasma PAI-1 and fibrinogen
levels.13 Insulin may also increase coagulation factor VII
gene expression.14
Since high levels of free fatty acids and
resultant lipotoxicity are implicated in the pathogenesis
of insulin resistance,15 the role of lipid lowering drugs in
the treatment of insulin resistant states and metabolic
syndrome is significant. Statins are the most effective
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lipid lowering drugs in the market and it has been
established that the benefits of statin therapy in
cardiovascular disease can be explained not only by the
lipid-lowering effects of statins but also by non-lipidrelated mechanisms (also-called ‘pleiotropic effects’).16
The adverse effects of statins include generalised
gastrointestinal disturbances, skin rash or flushing,
sensation of tingling and numbness and asymptomatic
elevation of liver transaminase levels. More serious
adverse events include myotoxicity, peripheral
neuropathy and memory loss.17 Because of the
associated side effects of statin group of drugs, it is
essential to look at diverse agents for lowering insulin
resistance.
Levocarnitine besides acting as hypolipidemic
agent can also increase the anti-oxidants levels while
decreasing the stress markers like C-reactive protein,
myeloperoxides and malondialdehyde, and improve the
fibrinolytic balance by decreasing plasma PAI-1
levels.18
The current study was planned to determine
the relative effect of these drugs on impaired fibrinolysis
associated with metabolic syndrome as well as to
determine the synergistic effect, if any, when given in
combination. Simvastatin was chosen as the
representative of the statin group as it is one of the most
commonly prescribed statin drugs.

SUBJECTS AND METHODS
It was a randomised controlled trial conducted at Army
Medical College Rawalpindi in collaboration with
National Institute of Health (NIH), Islamabad from May
2008 to May 2009. Prior to the commencement of the
study, permission from Ethical Committee was
obtained. Eighty adult Sprague Dawley rats weighing
180±50 grams, and aged 60–90 days were selected from
NIH, Islamabad. Rats with deranged lipid profile or who
failed to become insulin resistant after HFD were not
included. We used Sprague-Dawley rats as they readily
gain weight on high-fat diets. They were supplied with
diet pellets and water ad libitum.
Animal house facility of NIH, Islamabad was
used. Room was well ventilated and 12-hour light and
12-hour dark cycle was maintained. Temperature was
maintained at 22±3 °C. The normal pellet diet (NPD) or
chow diet provided 10% of the calories as fat, 65% as
carbohydrate and 25% as protein.
Random allocation of the rats (16 each) to all
the 5 groups was done. Control group (Group 1, n=16)
rats were fed normal diet ad libitum. The rats of this
group served as a control for group 2. Blood sampling
for insulin resistance after 2 months and for cardiac risk
factors after another one month was done for the
experimental groups according to sampling schedule.
Group 2 (High Fat Diet, n=16) rats were fed
high fat diet for 2 months or 9 weeks, after which 1.5 ml
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sample of blood from tail vein was drawn to assess the
insulin resistance by measuring serum TG/HDL-C ratio
which was taken to be indicative of IR if more than
1.8.19 High fat diet (HFD) was continued for the next 30
days, after which terminal sampling by intra-cardiac
puncture was done to assess the cardiac risk factors.
Similar procedure was followed for 2 months
for Group 3 (HFD+Simvastatin, n=16) as for Group 2,
and then rats were given Simvastatin (12 mg/Kg) mixed
with diet for 30 days. HFD was continued till the end.
Sampling was done as per schedule.
To Group 4 (HFD+L carnitine, n=16), HFD
was given for 2 months, and then L-carnitine was given
at dose of 200 mg/Kg for 30 days orally in drinking
water, along with continuation of HFD diet. L-Carnitine
500 mg (Sundown, Inc. Boca Raton, FL 33487 USA)
was used. Dose per day was calculated and the
calculated number of Carnitine tablets was crushed and
dissolved in fresh drinking water each morning. Bottles
were checked in the evening and refilled with plain
water. Sampling schedule was followed.
To Group 5 (HFD+L-carnitine+Simvastatin,
n=16) HFD was given for 2 months, and then rats were
given L-carnitine 200 mg/Kg and Simvastatin 12 mg/Kg
orally in combination with HFD for the next 30 days.
Sampling schedule was followed.
On the eve of the sampling, the feed was
removed from the cages and intra-cardiac sampling was
done in the morning at the laboratory to ensure a fasting
sample for plasma PAI-1 concentrations. Within one
hour of completion of sampling, samples were shifted
from NIH to the Centre for Research in Experimental
and Applied Medicine (CREAM) at Army Medical
College, Rawalpindi.

RESULTS
The mean weight of Group 1 rats was 300±50 gm at the
age of 5 months, or after 2 months of NPD. The mean
PAI-1 level was 2.66±1.80 ηg/ml. This value was taken
as standard and was compared with the respective
values obtained from experimental Group 2. In Group 2,
at the end of first two months, the weight gain was
substantial and significant, average weight being
400±30 gm (p=0.001). The mean PAI-1 level was
11.77±3.58 ηg/ml. Statistical analysis revealed
significant differences in plasma PAI-1 levels (p<0.001)
(Table-1).
Table-1: PAI-1 level after two months of HFD
Parameter
Weight (gm)
PAI-1 (ηg/ml)

Group 1
300±50
2.66±1.80

Group 2
400±30
11.78±3.58

p
0.001
0.001

The mean PAI-1 level in Group 3 was
5.80±1.65 ηg/ml. There were significant differences
between plasma PAI-1 levels of Group 2 and Group 3
(p<0.05). The mean PAI-1 level in Group 4 was
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10.20±1.82 ηg/ml. There were no significant differences
in plasma PAI-1 levels between Group 2 and Group 4
(p>0.05). In Group 5 the mean PAI-1 level was
6.31±1.88 ηg/ml.
Plasma PAI-1 levels were significantly
decreased when compared with Group 2 and Group 4
but difference was insignificant when compared with
Group 3. The PAI-1 activity was increased in HFD
group, which was significantly attenuated in simvastatin
monotherapy group. The decrease in PAI-1 activity was
statistically significant in L-carnitine monotherapy
group, whereas the differences in PAI-1 values of group
1, 3 and 5 were insignificant. (Table-2)
Table-2: Differences in PAI-1 between Groups
(p-value)
Groups Compared
Group 2 vs Group 3
Group 2 vs Group 4
Group 3 vs Group 4
Group 5 vs Group 1
Group 5 vs Group 2
Group 5 vs Group 3
Group 5 vs Group 4

p
0.001
0.001
0.001
0.799
0.001
0.378
0.001

DISCUSSION
We were able to demonstrate the success of high fat diet
model for the development and progression of
metabolic syndrome in rodents. After 2 months of high
fat diet (fat source being beef tallow) all the rats gained
weight and exhibited a rise in PAI-1 levels indicating a
pro-inflammatory response and a disturbances of
fibrinolytic system presumably induced by obesity.
From the results of our study, however, reduction in
fibrinolytic homeostasis marker PAI-1 was not
significantly more in combination group as compared to
simvastatin monotherapy group.
An elevated plasma PAI-1 concentration is
predictive for myocardial infarction in humans.20
However, the predictive value of circulating PAI-1
levels is highly dependent on the insulin resistance
syndrome.21 As a matter of fact, PAI-1 is stated to be the
true benchmark for metabolic syndrome.22
In 2002, a study was conducted by Festa et al
investigating the relation of PAI-1, C-reactive protein
(CRP) and fibrinogen to incident type 2 diabetes during
a 5-year period in the Insulin Resistance Atherosclerosis
Study (IRAS).23 A significant association of the three
variables of interest, i.e., CRP, fibrinogen, and PAI-1
with BMI, waist circumference, fasting insulin, fasting
glucose, and SI was found.23 In our study, the levels of
PAI-1 raised from 2.66±1.80 µg/ml in control group to
11.78±3.58 µg/ml in high fat diet fed, obese group,
which is in accord with the earlier studies.
In previous studies, variable results are
reported with different statin drugs. In one study,
Simvastatin increased PAI-1 by 18% in 111 patients
treated for 2 years.24

Wiesbauer et al25 compared the effect of 6
different statins (atorvastatin, cerivastatin, fluvastatin,
lovastatin, pravastatin, simvastatin) on components of
the fibrinolytic system expressed by human vascular
endothelial cells and smooth muscle cells and by the
human hepatoma cell line HepG2. In their study, all
statins used except pravastatin significantly decreased
PAI-1 production in human endothelial and smooth
muscle cells and increased t-PA production in human
smooth muscle cells.25
Extending the investigation in the same
direction, a study26 published in 2008 investigated the
effects of simvastatin on pro-atherosclerosis markers
(PAI-1, sP-selectin, and sCD40 ligand) in metabolic
syndrome. Compared to baseline, simvastatin
significantly reduced the circulating PAI-1 activity
(p<0.05).
Although, there are not many recent studies
documenting the effect of levo-carnitine on fibrinolytic
parameters, in 1992, Pola et al27 attempted to restore the
coagulative
fibrinolytic
homeostasis
that
is
compromised in peripheral vascular disease. Patients
with peripheral vascular disease were given oral
propionyl-L-carnitine 1 g thrice a day for a period of 20
days. The authors observed a significant increase of tPA synthesis and a significant decrease in PAI-1 activity
on the 20th day of therapy.27
Our study confirms the efficacy of the
simvastatin therapy on fibrinolytic marker, PAI-1. The
negligible effect of carnitine therapy on PAI-1 in our
study may be attributed to smaller dose used (less than
half the human dose) as well as the pharmacological
compound used (propionyl vs L-carnitine, L-tartrate).

CONCLUSION & RECOMMENDATIONS
The positive effect of simvastatin on the fibrinolytic
system marker PAI-1 in insulin resistant state was
confirmed in our study. However, the levo-carnitine
therapy had no effect on raised PAI-1 levels. Further
studies should be designed to elucidate the cellular
mechanism of action of carnitine for the reduction of
pro-inflammatory cytokines like CRP and profibrinolytic marker PAI-1.

REFERENCES
1.

2.

3.

4.
5.

Zimmet P. Globalization, coca-colonization and the chronic
disease epidemic: Can the Doomsday scenario be averted? J
Intern Med 2000;247:301–10.
Flegal KM, Carroll MD, Ogden CL, Johnson CL. Prevalence and
trends in obesity among US adults, 1999–2000. JAMA
2002;288:1723–7.
Jafar TH, Chaturvedi N, Pappas G. Prevalence of overweight and
obesity and their association with hypertension and diabetes
mellitus in an Indo-Asian population CMAJ 2006;175(9):1071–7.
He J, Gu D, Wu X. Major causes of death among men and
women in China. N Engl J Med 2005;353:1124–34.
Hubert HB, Feinlab M, McNamara PM, Castelli WP. Obesity as
an independent risk factor for cardiovascular disease: A 26-year

http://www.pps.org.pk/PJP/11-1/Gul.pdf

5

Pak J Physiol 2015;11(1)

6.

7.

8.

9.

10.

11.
12.
13.

14.

15.

16.

follow-up of participants in the Framingham Heart Study.
Circulation 1983;67:968–77.
Kissebah AH, Vydelingum N, Murray R, Evans DJ, Hartz AJ,
Kalkhoff RK, et al. Relation of body fat distribution to metabolic
complications of obesity. J Clin Endocrinol Metab
1982;54(2):254–60.
Nieves DJ, Cnop M, Retzlaff B, Walden CE, Brunzell JD,
Knopp RH, et al. The atherogenic lipoprotein profile
associated with obesity and insulin resistance is largely
attributable to intra-abdominal fat. Diabetes 2003;52:172–9.
Kahn R, Buse J, Ferrannini E, Stern M, American Diabetes
Association, European Association for the Study of Diabetes.
The metabolic syndrome: time for a critical appraisal: joint
statement from the American Diabetes Association and the
European Association for the Study of Diabetes. Diabetes
Care 2005;28:2289–304.
Meigs JB, D’Agostino RB Sr, Wilson PW, Cupples LA, Nathan
DM, Singer DE. Risk variable clustering in the insulin resistance
syndrome. The Framingham Offspring Study. Diabetes
1997;46:1594–600.
Festa A, D’Agostino R Jr, Howard G, Mykkanen L, Tracy RP,
Haffner SM. Chronic subclinical inflammation as part of the
insulin resistance syndrome: The Insulin Resistance
Atherosclerosis Study (IRAS). Circulation 2000;102:42–7.
Pickup JC, Crook MA. Is type II diabetes mellitus a disease of
the innate immune system? Diabetologia 1998;41:1241–8.
Rader DJ. Inflammatory markers of coronary risk. N Engl J Med
2000;343:1179–82.
Loskutoff DJ, Samad F. The adipocyte and hemostatic balance in
obesity. Studies of PAI-1. Arterioscler Thromb Vasc Biol
1998;18:1–6.
Devaraj S, Rosenson RS, Jialal I. Metabolic syndrome: an
appraisal of the pro-inflammatory and procoagulant status.
Endocrinol Metab Clin North Am 2004;33:431–53.
Reaven G. The metabolic syndrome or the insulin resistance
syndrome? Different names, different concepts, and different
goals. Endocrinol Metab Clin North Am 2004;33:283–303.
Krysiak R, Okopień B, Herman Z. Effects of HMG-CoA
reductase inhibitors on coagulation and fibrinolysis processes.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Drugs 2003;63(17):1821–54.
Thompson PD, Clarkson P, Karas RH. Statin-Associated
Myopathy. JAMA 2003;289:1681–90.
Hamsten A, de Faire U, Walldius G, Dahlen G, Szamosi A,
Landou C, et al. Plasminogen activator inhibitor in plasma: risk
factor for recurrent myocardial infarction. Lancet 1987;2:3–9.
McLaughlin T, Abbasi F, Cheal K, Chu J, Lamendola C, Reaven
G. Use of metabolic markers to identify overweight individuals
who are insulin resistant. Ann Intern Med 2003;139:802–9.
Juhan-Vague I, Alessi MC. Regulation of fibrinolysis in the
development of atherothrombosis: role of adipose tissue. Thromb
Haemost 1999;82:832–6.
Juhan-Vague I, Alessi MC, Mavri A, Morange PE. Plasminogen
activator inhibitor-1, inflammation, obesity, insulin resistance and
vascular risk. J Thromb Haemost 2003;1:1575–9.
Mertens I, Verrijken A, Michiels JJ, Van der Planken M, Ruige
JB, Van Gaal LF. Among inflammation and coagulation markers,
PAI-1 is a true component of the metabolic syndrome. Int J Obes
(Lond) 2006;30(8):1308–14.
Festa A, D’Agostino R, Howard RG, Mykkänen L, Tracy RP,
Haffner SM. Chronic subclinical inflammation as part of the
insulin resistance syndrome. The Insulin Resistance
Atherosclerosis Study (IRAS). Circulation 2000;102:42–7.
Mitropoulos KA, Armitage JM, Collins R, Meade TW, Reeves
BE, Wallendszus KR, et al. Randomized placebo-controlled
study of the effects of simvastatin on haemostatic variables,
lipoproteins and free fatty acids. Eur Heart J 1997;18:235–41.
Wiesbauer F, Kaun C, Zorn G, Maurer G, Huber K, Wojta J.
HMG CoA reductase inhibitors affect the fibrinolytic system of
human vascular cells in vitro: a comparative study using different
statins. Br J Pharm 2002;135:284–92.
Wang L, Rockwood J, Zak D, Devaraj S, Jialal I. Simvastatin
reduces circulating plasminogen activator inhibitor-1 activity in
volunteers with the metabolic syndrome. Metab Syndr Relat
Disord 2008;6(2):149–52.
Pola P, De Martini D, Gerardino L, De Rossi S, Tondi P. The
action of propionyl-L-carnitine on the vasal endothelium:
increased t-PA synthesis and a decrease in the activity of PAI-1.
A preliminary study. Drugs Exp Clin Res 1992;18(8):343–8.

Address for Correspondence:
Dr Gul-e-Naghma Saeed, Assistant Professor, Department of Physiology, Foundation University Medical College,
Islamabad. Cell: +92-332-5548008
Email: gulenaghma_saeed@yahoo.com

6

http://www.pps.org.pk/PJP/11-1/Gul.pdf

