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EFFECT OF HIBISCUS SABDARIFFA CALYX EXTRACT ON

STRESSED RABBIT PLASMA CHOLESTEROL STATUS

ORINAMHE GODWIN AGBADUA*
AND FEDERICK OTUNAYA OBI

ABSTRACT

Hibiscus sabdariffa aqueous extract has been shown to have antioxidant and lipid
lowering effects in animal studies. This study is aimed at investigating the effects
of the aqueous extract of Hibiscus sabdariffa calyx on the lipid profile of rabbits
subjected to stress.

The rabbits were stressed by suspension for 2 minutes, twice daily, for 15 days.
After 10 days of stress, there was significant increase in plasma LDL-cholesterol
but a decrease in plasma HDL-cholesterol and total cholesterol when compared to
the control. Administration of extract significantly (P < 0.05) reduced LDL-
cholesterol and total cholesterol in stressed rabbits relative to control and stressed
group and an increased HDL-cholesterol level (P < 0.05) relative to stressed group
only. After 15 days, similar results were obtained. However, there was no
significant difference in HDL-cholesterol levels between stressed and stressed
plus extract-treated rabbits.

Conclusion: These data suggest that Hibiscus sabdariffa calyx extract may be

protective against stressed-induced LDL-cholesterol increase.

INTRODUCTION

Stress is an adaptive response that
prepares the organism for a life-
threatening situation. Stress can occur
when our perception of events does not
meet our expectations and we are unable
to manage our reaction *. Itinduces strain
upon both emotional and physical
endurance which have been considered a
basic factor on the aetiology of a number
of diseases °. Stress response usually
brings about metabolic effects by the
interaction of the hypothalamus, the
anterior pituitary gland and adrenal
glands situated just above the kidney
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(hypothalamic-pituitary-adrenal axis)
along with the sympathetic nervous
system. The hypothalamic-pituitary-
adrenal axis is responsible for releasing
cortisol, most commonly known as the
stress hormone. Stress also promotes the
release of inflammatory cytokinine * and
prolactin *, and suppresses the production
of growth hormone and luteinizing
hormone, which is an important
intermediary hormone between the
environment and internal state °. Apart
from the level of circulating hormones
such as cortisol and prolactin, there are
indications that cholesterol can also be

6,7,8

used as an index of stress ™'”.

Cholesterol, which is the principal sterol
synthesized in animals travels, through
the blood attached to proteins to form
lipoproteins which are classified based on
the protein content in relation to fat. The
biochemical feature which has attracted
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the most sustained and widespread
attention in relation to aetiology and
prevention of these diseases is serum
cholesterol or its fractions like low
density lipoproteins (LDL) and high
density lipoproteins (HDL) °. It is well
established that increased levels of blood
cholesterol especially low density
lipoprotein-cholesterol (LDL-C) is an
important risk factor for cardiovascular
complications since it favours lipid
deposition in tissues including blood
vessels. Evidences from lipid lowering
trials have clearly established that
reduction of total cholesterol or low
density lipoprotein-cholesterol (LDL-C) is
associated with decreased risk of
atherosclerosis and coronary heart
disease “*. Furthermore, Epidemiological
studies have also shown an inverse
correlation between high density
lipoprotein-cholesterol (HDL-C) level and
the risk of cardiovascular disease *.

Hibiscus sabdariffa Linn (Family:
Malvaceae) is an annual dicotyledonous
herbaceous shrub popularly known as
Roselle or Sorrel in English ****. There are
many published reports on the
constituents of different plant parts of H.
sabdariffa, which have been summarized
by Ross . The dried calyces contain the
flavonoids; gossypetin, hibiscetine and
sabdaretine '°. Certain amounts of
delphinidin-3-monoglucoside and
cyanidin-3-monoglucoside and
delphinidin are also present . There are
indications that extracts from the red
calyces of Hibiscus sabdariffa (popularly
called Zobo in Nigeria) contain anti-
oxidant principles ****. There are
indications that stress cause remarkable
changes in blood cholesterol
concentration. This study therefore
aimed to ascertain the extent of these
changes and to determine the effect of
Hibiscus sabdariffa calyx extract on the

stress-induced changes in the blood
cholesterol.

MATERIALS AND METHODS
Hibiscus sabdariffa calyx

Dried calyces of Hibiscus sabdariffa were
purchased from a local market in Benin
city.

Reagents

Cholesterol assay kits (Randox
laboratories Itd, Antrim, United
Kingdom), Xylene (NAFFCO, New York).

Animals

Fifteen male English rabbits (Oryctolagus
cuniculus) used for this study were
purchased from a local breeder in
Aduwawa market, Benin City, Edo state,
Nigeria. The weights of the rabbits ranged
from 800-1400g and they were housed in
well-ventilated wooden cages with free
access to food and water. They were
maintained on growers mash (Bendel
Feed and Flour Mill, Ewu, Edo State) and
water ad libitum. They were left to
acclimatize to our laboratory conditions
for 24 days before the experiment
commenced. The animals were protected
from parasitic infestation by proper
veterinary management (12 hour
light/dark cycle, 22-28°C, sweeping and
moping the floor with disinfectant, and
cleaning the feed and water troughs)
throughout duration of the treatment.

Preparation and solute content
determination of Hibiscus sabdariffa
calyx extract

Twenty-five grams (25g) of dried calyx of
Hibiscus sabdariffa was put in a pot
containing 250ml of distilled water and
allowed to boil for 15 minutes. After the
period of boiling, the mixture was left to
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cool. Thereafter, it was filtered through
four layers of cheese cloth, and a clear, red
decoction was obtained. One milliliter of
the Hibiscus sabdariffa calyx extract was
put in a pre-weighed watch-glass. The
watch-glass containing the extract was put
on a hot plate and allowed to evaporate to
dryness. The solute content of the extract
was determined by subtracting the weight
of the watch-glass + extract of H.
sabdariffa from the pre-weighed watch-
glass.

Experimental Design

At the end of acclimatization, the rabbits
were re-weighed. Fifteen (15) rabbits
weighing 950-1600g were thus used for
this study. They were randomly selected
into three (3) experimental groups of 5
rabbits each as shown below. The
experiment lasted for 15 days.

Group 1: Water treated control. Each
rabbit was given distilled water, 2.5 ml
H,O/kg body weight.

Group 2: Stressed but extract free.
Induction of stress was done by wrapping
the rabbits across the trunk using baft and
suspended on a retord stand for two
minutes every morning and evening, five
days per week for three weeks.

Group 3: Stressed and extract treated. The
rabbits were stressed by suspension and
the aqueous Hibiscus sabdariffa calyx
extract was immediately administered
after stress. Extract was also administered
twice a day, five days a week for three
weeks by gavage. The dosage of the extract
was 2500 pg/kg body weight.

Sample collection and sample treatment.
Blood was collected from the veins in the
pinnae. Xylene was applied to the pinnae
with the aid of cotton wool to make the
veins more prominent. Once the veins
were made visible, blood was collected
using hypodermic syringes and needles.

The blood collected was quickly
transferred into heparinised bottles and
left standing on ice. The blood samples
were collected after ten and fifteen days of
treatment respectively. The blood
collected in the heparinised bottles was
centrifuged for 10 minutes at 1250 x g to
obtain plasma. The plasma samples were
left at 4°C until required for cholesterol
assay.

Biochemical assay

Total cholesterol assay was determined
spectrophotometrically by the enzymatic
endpoint method *. The HDL-cholesterol
estimation was determined by the
precipitation method * LDL-cholesterol
was calculated from primary measurements
using the empirical formula of Friedawald
equation ®,

Statistical analysis

The data obtained were subjected to
standard analysis of variance (ANOVA)
procedure of SAS*. The treatment means
were compared using Duncan procedure
of the same software. The significance
level was setat P < 0.05.

RESULTS

The effect of 10 day stress on plasma
cholesterol status in the rabbits and the
role of Hibiscus sabdariffa calyx extract
on the stress-induced change in
cholesterol is presented in Table 1.
Relative to the control (group 1), the
stressed rabbits had statistically
significant (P < 0.05) increase in LDL-
cholesterol level. The table also shows
that exposure of stressed rabbits to
aqueous extract of Hibiscus sabdariffa
caused significant reduction (P < 0.05) in
stress mediated increase in LDL-
cholesterol when compared to the control
(group 1) and stress only group (group 2).
The stressed only rabbit also had
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TABLE 1: Changes in Total cholesterol, HDL-cholesterol, LDL-cholesterol and HDL-

cholesterol/Total cholesterol ratios of control, stressed and stressed plus H. sabdariffa calyx

extract-treated rabbits after ten days.

Group | Treatment No of No of Plasma cholesterol concentration

rabbits | surviving (mg/dl)

(Noof | rabbits Mean % SD (n)*

samples)

TC LDL-C HDL-C HDL-C/TC
1 Control 5 515 152.83+16.58(3) | 52.67+6.71(2) 53.80£16.53(3) | 0.35
2 Stressed 5 55 |123.20£2.54(3)° | 72.01£10.77(4)° | 26.01+8.37(4)° | 0.21
3 Stressed  + 5 45 | 454146.013)™ | 28.79£10.3902)"¢ | 45.42+4.913)*C | 1.00
aq. extract

# number of values used for mean cholesterol estimation

®Value significantly different from group 1 value (P <0.05) within the same column

Value not significantly different from group 1 value (P > 0.05) within the same column

4Value significantly different from group 2 value (P < 0.05) within the same column

TABLE 2: Changes in Total cholesterol, HDL-cholesterol, LDL-cholesterol and HDL-

cholesterol/Total cholesterol ratios of control, stressed and stressed plus H. sabdariffa calyx

extract-treated rabbits after fifteen days.

Group | Treatment No of No of Plasma cholesterol concentration

rabbits | surviving (mg/dl)

(Noof | rabbits Mean + SD (n)"

samples)
TC LDL-C HDL-C HDL-C/TC
1 Control 5 515 74.57+9.46(5) 34.56+5.63(3) 46.80+3.44(3) 0.61
2 Stressed 5 45 |61.18+7.57(4)° | 54.18+15.002° | 20.56+4.453)° | 0.33
3 Stressed  + 4/5 | 4830£14.1403)™¢ | 16.3143.37(3)° | 20.29+6.79(3)™¢ | 0.4
aq. extract

# number of values used for mean cholesterol estimation

®Value significantly different from group 1 value (P <0.05) within the same column

“Value not significantly different from group 1 value (P > 0.05) within the same column

4Value not significantly different from group 2 value (P > 0.05) within the same column

¢ Value significantly different from group 2 value (P <0.05) within the same column
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significantly decreased (P < 0.05) HDL-
cholesterol level relative to the control
group. As is also evident from the table,
exposure of stressed rabbits to H.
sabdariffa calyx extract led to significant
(P < 0.05) increase in HDL-cholesterol
when compared to the stress only group.
Relative to the control group, stress
caused significant decrease (P < 0.05) in
the total cholesterol level. Administration
of the extract caused a further significant
decrease (P < 0.05) in plasma total
cholesterol when compared to the control
and stressed group.

The effect of 15 day stress on the rabbit
plasma total cholesterol, HDL-cholesterol
and LDL-cholesterol status is presented
in Table 2. Also shown is the effect of
aqueous extract of Hibiscus sabdariffa
calyces on stress mediated changes in the
various clans of cholesterol. Stress
caused a significant decrease in rabbit
plasma total cholesterol, a 17.96%
decrease. Stressed rabbits treated with
the extract had plasma total cholesterol
that is statistically (P < 0.05) lower than
that of the control (group 1). Stress
significantly (P < 0.05) increased plasma
LDL-cholesterol. It is also evident from
the data that exposure of stressed rabbits
to aqueous extract of H. sabdariffa calyx
significantly reduced the plasma LDL-
cholesterol when compared to the value
of stress only rabbits. Stress rabbits had
significant decreased (P < 0.05) HDL-
cholesterol level relative to the control
group. As is also evident from the table
that exposure of stressed rabbits to
Hibiscus sabdariffa calyx extract led to
significantly lower HDL-cholesterol
relative to the control.

From this study, it was also observed that
the HDL-cholesterol/total cholesterol
ratio of stressed only rabbits decreased

relative to the control. Treatment of the
stressed rabbits with Hibiscus sabdariffa
extract resulted in a HDL-cholesterol/total
cholesterol ratio higher than the stressed
only rabbits (Table 1 and 2).

DISCUSSION

The scientific basis for the statement that
plants and their active constituents play
an important role in the prevention of
chronic and degenerative diseases is
continuously advancing. The efficiency
of Hibiscus sabdariffa as a functional
plant has been revealed lately, especially
for its anti-oxidant bioactivity *. In this
study, the benefits of Hibiscus sabdariffa
were further studied using stressed male
English rabbits, and cholesterol
concentration levels were used as an
index of stress in the rabbits. The levels
were also used as a measure of the ability
of Hibiscus sabdariffa calyx extract to
ameliorate the stress. The results
presented in Table 1 show that stress
caused significant increase in LDL-
cholesterol but a decrease in HDL-
cholesterol. However, the situation was
reversed when the calyx extract was
administered to stressed rabbits.

The increase in LDL-cholesterol and
decrease in HDL-cholesterol in the
stressed rabbits corroborates earlier
reports “**'. Similar results were also
obtained in rabbits under the effect of
starvation stress *. Our result agree with
findings of Nayanatara et al., * with adult
albino rats exposed to chronic
unpredictable stressors for 10 days that
showed significantly increased LDL-
cholesterol when compared to non-
stressed rats. Several potential
mechanisms of stress responses may
explain the elevations in LDL-cholesterol.
One possibility is that individual
differences in stress-induced lipolysis are
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responsible *. Mammals have evolved so
that in time of stress, extra energy is
supplied to the blood in the form of
metabolic fuels- namely, fatty acids and
glucose. Catecholamine stimulate
lipolysis in adipose tissue, through
activation of hormone-sensitive lipase,
leading to the breakdown of
triacylglycerol into fatty acids and
glycerol. This effect is sensitized by
cortisol *. Increased levels of fatty acid
and cortisol lead to insulin insensitivity in
tissues and promote triacylglycerol
synthesis and apolipoprotein B secretion
by the liver. These combined effects result
in increased hepatic production and
secretion of very low density lipoprotein,
which is ultimately converted to LDL, the
principal carrier of cholesterol in the
blood. Another potential mechanism is
stress-induced down regulation of the
hepatic LDL receptor. LDL is normally
cleared from the blood through binding to
this receptor. LDL receptor expression is
stimulated by insulin and inhibited by
cortisol *'. Stress—induced insulin
resistance, together with increased
production of cortisol, could delay LDL
clearance by inhibiting expression of its
receptor. During blood circulation, HDL-
cholesterol mediates the transport of
excess cholesterol from the peripheral
cells to the liver for its catabolism by a
pathway termed as “reverse cholesterol
transport” hence increased HDL-
cholesterol levels, caused by the Hibiscus
sabdariffa calyx extract, may prove
beneficial in lipid disorders and might
also serve as a cardioprotective factor to
prevent the gradual initiation of
atherosclerotic process Continued
treatment with Hibiscus sabdariffa calyx
extract led to a decrease in HDL-
cholesterol levels which agree with the
findings of Ghislain et al. % thus
suggesting that Hibiscus sabdariffa calyx

extract may only exhibit increasing effect
on HDL-cholesterol in hyperlipidemic
conditions *.

Cholesterol serves as a precursor for the
biosynthesis of cortisol, which is rapidly
synthesized and secreted in response to
stress. Elevations in levels of cortisol
causes the body to increase energy
production and utilization, and thus
transiently shut-off biosynthetic
pathways of cholesterol and fatty acids.
These combined effects in response to
stress by suspension may possibly be
reasons for decreased total cholesterol
concentration. However, the decrease in
plasma total cholesterol of the stressed
only rabbits is uncertain as stress leads to
increased plasma total cholesterol.
However, the treatment with Hibiscus
sabdariffa led to significant decrease in
total cholesterol when compared to the
control and stress only rabbits. Results on
the effect of the Hibiscus sabdariffa calyx
extract on stress obtained from this study
also agrees with earlier reports **. The
anti-hypercholesterolemic action of the
aqueous extract of Hibiscus sabdariffa may
be due to increased inhibition of intestinal
absorption of cholesterol, interference
with lipoprotein production, increased
expression of hepatic LDL-receptors and
their protein leading to an increased
removal of LDL-cholesterol from the blood
and its increased degradation and
cholesterol metabolism in the body. All
these either singly or in combination may
have led to decreased plasma LDL-
cholesterol which may have also reduced
plasma total cholesterol level during the
treatment with Hibiscus sabdariffa calyx

36,37

aqueous extract .

The lipoprotein fractions are more
predictive of developing coronary artery
disease instead of total cholesterol. LDL-
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cholesterol is well recognized as a risk
factor and HDL-cholesterol as a protective
factor against atherosclerosis *. It has
been shown that HDL-cholesterol/total
cholesterol ratio is one of the most
powerful predictors of risk of developing
coronary artery diseases “’. An additional
justification for using this ratio might be
that it includes the amount of cholesterol
in the triacylglycerol-rich VLDL fraction,
which also positively correlates with
coronary artery disease risk *. Our
findings on the effect of stress on the HDL-
cholesterol/total cholesterol ration agrees
with the results obtained by forced
immobilization stress on rabbits *'.
Reduction in hyperlipidemia occurs
simultaneously with an increase in the
HDL-cholesterol/total cholesterol ratio
which is associated with a reduced
incidence of atherosclerosis “.

CONCLUSION

The hypocholesterolemic effect of
aqueous extract of Hibiscus sabdariffa has
been shown by the dual effect it exhibited
in lowering plasma total and LDL-
cholesterol in the rabbits. Evidently,
stress caused increased plasma level of
the “bad cholesterol” and a decrease in
“good cholesterol”. Hibiscus sabdariffa
calyx extract however caused a reverse of
the changes brought about by the stress by
decreasing 'bad cholesterol” and
increasing “good cholesterol”. Thus stress
potentiates increased risk of cardiovascular
diseases while Hibiscus sabdariffa calyx
extract may prove beneficial in lipid
disorder, and serve as a cardio-protective
factor to prevent cardiovascular disease. It
can therefore be concluded that Hibiscus
sabdariffa is agood anti-stress agent.

REFERENCES

1. Lazarus, R. S. (1993). From psychological
stress to the emotions: a history of changing
outlooks. Annual Rev. of Psychol. 44:1-22.

10.

11.

Halliwell, B. and Gutteridge, J. M. C. (1984)
Lipid peroxidation, oxygen radicals, cell
damage an antioxidant therapy. Lancet.
1:1390-1397.

Moore, K. J. and Tabas, I. (2011).
Macrophages in the pathogenesis of
atherosclerosis. Cell. 145:341-355.

Armario, A., Gavalda, A. and Matrti, J. (1995)
Comparism of the behavioural and
endocrine response to forced swimming
stress in five inbred strains of rats.
Psychoneuroendocrinol. 20:879-890.

Chrousos, G. P, Tonpy, D. J. and Gold, P. W.
(1998) Interactions between the
hypothalamic-pituitary-adrenal axis and the
female reproductive system: Clinical
implications. Ann. Intern. Med. 1929:229-
240.

Rahe, R.H., Rubin, R.T., Arthur, R.J. and
Clark, B.R. (1968) Serum uric acid and
cholesterol variability. J. Am. Med. Assoc.
206:2875-2880.

Rahe, R.H., Rubin, R.T., Gunderson, E.K. and
Arthur, R.J. (1971) Psychologic correlates of
serum cholesterol in man, a longitudinal
study. Psychosom Med. 33:399-410.

Siegel, H.S. (1962) Age and sex modification
of responses to adrenocorticotropin in young
chickens. Changes in adrenal cholesterol
and blood constituents levels. Poult Sci.
41:321-324.

Eliot, R.S. (1974) Stress and the heart. pp.
381-400. Futura Publishing Company, New
York.

Brown, A.S., Bakker, R.G. and Yellem, L.
(1998) Treating patients with documented
atherosclerosis to National Cholesterol
Education Program-recommended low
density lipoprotein. Cholesterol goals with
atorvastatin, fluvastatin, lovastatin and
simvastatin. J.Mol. Cell. Cardiol. 32:665-
692.

Grundy, S.M., Cleeman, J.I. and Merz, C.N.
(2004) Implications of recent clinical trials
for the National Cholesterol Education
Program Adult Panel on Detection,
Evaluation and Treatment of high blood
cholesterol in adults. JAMA. 285:2486-2497.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Effect of Hibiscus Sabdariffa Calyx Extract on Stressed Rabbit Plasma Cholesterol Status.....149

Wierzbicki, A.S. (2005) Have we forgotten
the pivotal role of the high density
lipoprotein cholesterol in atherosclerosis
prevention? Curr. Med. Res. Opin. 21:299-
306.

Satyavati, G. V., Gupta, A. and Tandon, N.
(1987) H. sabdariffa Linn., in Medicinal
plants of India. (Indian Council of Medical
Research, Vol. 2). pp. 25. New Delhi.

Ross, I.A. (1999) Hibiscus sabdariffa
(Medicinal Plants of the World, Vol. 1). pp.
165. Humana Press, New Jersey.

Ross, I.A. (2003) Hibiscus sabdariffa
(Medicinal Plants of the World, Vol. 1., 2nd
ed.). pp. 267-275. Humana Press, New
Jersey.

Pietta, D. G. (2000) Flavonoids as
antioxidants. J. Natt. Prod. 63(7):1035-1042.

Du, C.T. and Francis, FJ. (1973).
Anthocyanins of rosella (Hibiscus sabdariffa
L.).J. Food. Sci. 38:810-812.

Ologundudu, A. and Obi, EO. (2005)
Prevention of 2, 4-dinitrophenylhydrazine-
induced tissue damage in rabbits by orally
administered decoction of dried flower of
Hibiscus sabdariffa L J. Med. Sci. 5(3):208-
211.

Ologundudu, A., Lawal, A.O., Adesina, O.G.
and Obi, FO. (2006b) Effect of ethanolic
extract of Hibiscus sabdariffa L on 2, 4-
dinitrophenylhydrazine-induced low
glucose level and high malondialdehyde
levels in rabbit brain and liver. Global J. Pure
Appl. Sci. 12(4):525-529.

Ologundudu, A., Ologundudu, A.O., Oluba,
O.M., Omotuyi, 1.0. and Obi, EO. (2010a)
Effect of Hibiscus sabdariffa anthocyanins
on 2, 4-dinitrophenylhydrazine-induced
tissue damage in rabbits. J Toxicol Envir
Health Sci. 2(1): 1

Tinder, P. (1969) Determination of glucose in
the blood using glucose oxidase with
alternative oxygen acceptor. Ann. Clin.
Biochem. 6:24-25.

Lopes-Virella, M. E, Stone, P, Ellis, S. and
Cowell, J. A. (1997) Cholesterol
determination in high-density lipoproteins

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

separated by three different methods. Clin.
Chem. 28:882-884.

Friedewald, W. T., Levy, R. I. and
Fredrickson, D. S. (1972) Estimation of the
concentration of low-density lipoprotein
cholesterol in plasma, without use of the
preparative ultracentrifuge. Clin. Chem.
18:499-502

SAS Institute Inc. (1999). SAS/STAT User's
Guide. Version 8 for Windows. SAS Institute
Inc., SAS Campus Drive, Cary, North
Carolina, USA.

Pau-ling, T., Salmah, Y., Suhhaila, M., Umar,
A. and Mustapha, M. (2002) Effect of roselle
on serum lipids of Sprague Dawley rats.
Nutr. Food Sci. 32(5):190-196.

Hem, L., Ahuja, G. K., Narang, A. P. S. and
Walia, L. (2004) Effect of immobilisation
stress on lipid peroxidation and lipid profile
inrabbits. Indian J. Clin. Biochem. 19(2):1-4.

Singhal, S., Agarwal, D. K. and Srivastava, V.
(1997) Effect of immobilization stress on
lipid profile. Indian J. Physiol. All. Sci.
51(3):138-143.

Hem, L., Ahuja, G. K. and Narang, A. P. S.
(2002) Effect of starvation stress in lipid
peroxidation and lipid profile in rabbits.
IndianJ. Physiol. Pharmacol. 46:371-374.

Nayanatara, A. K., Nagaraja, H. S.,
Ramawany, C., Bhagyalakshmi, K. and
Ramesh, B. M. (2009) Effect of chronic
unpredictable stressors on some selected
lipid parameters and biochemical
parameters in Wistar rats. J. Chin. Med. 4:2.

Brindley, D.N., McCann, B.S., Niaura, R.,
Stoney, C.M. and Suarez, E.C. (1993) Stress
and lipoprotein metabolism: Modulators
and mechanisms. Metab., Clin. Exp. 42:3-15.

Brindley, D.N. and Salter, A.M. (1991)
Hormonal regulation of the hepatic low
density lipoprotein receptor and the
catabolism of low density: Relationship with
the secretion of very low density
lipoproteins. Lipid. Res. 30:349-360.

Ochani, P.C. and D'Mello, P. (2009)
Antioxidant and antihyperlipidemic activity
of Hibiscus sabdariffa Linn. leaves and
calycesextractsinrats. J. Exp. Biol. 47:276-282.



150

33.

34.

35.

36.

..... Journal of Medicine and Biomedical Research

Ghislain, M. T., Gisele, E. L., Bertrand, P. M.
and Mattieu, F. (2011) Effect of “Folere” Juice
(Calyx of Hibiscus sabdariffa Lin) on some
Biochemical Parameters in Humans. Pak. J.
Nutr. 10(8):755-759.

Promphorn, P, Laddawal, P, Chaiyo, C.,
Nuansri, N. and Somsong, L. (2006) Aqueous
extract of calyces of Hibiscus sabdariffa Lin:
Effects on hepatic cytochrome P450 and
subacute toxicity in rats. Thai. J. Pharm. Biol.
30:8-18.

Octavio, C., Stefan, M. W.,, Patricia, M.,
Hayward, J., Ofelia, A., Infanzon, R. and
Patricia, R. L. (2006) The consumption of
roselle dried calyx extract reduced lipid
profile in rats. Food. Human Nutr. 60:153-
159. Springer Netherlands.

Brown, M.S. and Goldstein, J.L.(1981)
Lowering plasma cholesterol by raising LDL-
receptors. NEngl.J. Med. 305:515.

37.

38.

39.

40.

Brown, M.S., Kovanen, P.T. and Goldstein,
J.L.(1981) Regulation of plasma cholesterol
by lipoprotein receptors. Science. 212:628.

Gordon, D.J. and Rifkind, B.M. (1989) High
density lipoprotein- the clinical implications
of recent studies. N. Engl. J. Med. 321:1311-
1316

Hokanson, J.E. and Austin, M.A. (1996)
Plasma triglyceride level is a risk factor for
cardiovascular disease independent of high-
density lipoprotein cholesterol level: a meta-
analysis of population-based prospective
studies. J. Cardiovasc. Risk. 3:213-219.

Castelli, W.P, Doyle, J.T., Gordon, T., Hames,
G.G., Hoort, M.C., Hulley. S.B., Kayan, A.
and Zukel, W.J. (1977) Circulation. 55:767.



