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ABSTRACT 

Phytochemicals are the bioactive components present at micro level in our 
daily diet, especially the phenolic antioxidants, contribute to the prevention 
of cardiovascular and other degenerative diseases.  Moringa oleifera (MO) 
leaves polyphenols effect on  the activity of 3-hydroxy-3-methylglutaryl 
Coenzyme A (HMG CoA)  reductase was studied using a spectrophotometric 
assay based on the stoichiometric formation of coenzyme A (SH) during the 
reduction of microsomal HMG CoA  to mevalonate at different 
concentrations (200- 400 µg).  Activity of HMG- CoA reductase was inhibited 
by MO polyphenols significantly (p<0.05) at the concentrations studied. The 
Coenzyme A released at the end of assay in the control was higher 
(18.87±0.12 n Moles) significantly than the MO polyphenol extract, which 
was dose dependent (14.69±0.07 to 10.26±0.33 n Moles). The results reveal 
the potency of the MO polyphenols in inhibiting the HMG- CoA reductase. 
Hence, the MO polyphenols can be explored for its role as a cholesterol 
lowering agent.  

INTRODUCTION: Elevated plasma cholesterol 
concentration is a well known risk factor for the 
development of atherosclerosis and coronary heart 
disease (CHD). Consequently, public health 
recommendations are aimed at reducing plasma 
cholesterol concentration 1.  

In humans, most cholesterol biosynthesis occurs in the 
liver. The enzyme 3-hydroxy-3-methylglutaryl-CoA 
reductase (HMG CoA reductase; E.C 1.1.1.34) is 
responsible for catalysing the NADPH-dependent, two-
step reduction of HMG-CoA to mevalonate. This 
reaction is a highly regulated process within the 
cholesterol biosynthetic pathway, and so is an 
attractive target for intervention in the treatment of 

hypercholesterolaemia.  HMG CoA Reductase is found 
in cytosol and microsomal fractions of the cell 2.  

Inhibition of HMG CoA reductase prevents and 
reverses MYC-induced lymphomagenesis, treats 
adenocarcinomas of the prostate, stomach, lung, 
breast and colon and Ewing's sarcomas, promotes anti-
inflammatory pathways in vascular wall 3 and inhibits 
cholesterol biosynthesis 2. Several inhibitors of HMG-
CoA reductase have been developed as cholesterol-
lowering therapeutic agents known as statins, fibrates, 
niacin etc 4. 

Medicinal plants and their extracts have gained 
increasing importance over the past years, since they 
can be used as sources of herbal drugs 5.  
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A number of plants with potent therapeutic 
components such as fibers, sterols, saponins, 
polyphenols, flavonoids, etc., have been investigated 
for their antihyperlipidemic, antioxidant, 
phytohormones, antiatherosclerotic and enzyme 
modulating properties. These compounds are reported 
to be beneficial with great variation in magnitude and 
mechanism of action and hence, have a potential 
therapeutic value in combating multifactorial 
atherosclerotic disorders 6.  

Research strongly suggests that protection against 
degenerative diseases requires the right balance of a 
multitude of phytoprotectants including essential fatty 
acids, vitamins, antioxidants and dietary fiber 
components 7. Exploration of the chemical 
constituents of the plants and pharmacological 
screening will thus provide the basis for developing 
new life saving drugs and functional foods. In more 
recent years, polyphenols have received much 
attention in disease treatment and prevention due to 
their in-vivo and in-vitro antioxidant capabilities.  

Epidemiologic studies have shown a correlation 
between an increased consumption of phenolic 
antioxidants and a reduced risk of CVD   8.  Many plants 
with medicinal value have also been screened for their 
antioxidant activity by in-vitro and ex-vivo with 
different substrates, the main aim of the studies is to 
explore the potency of the selected plant against 
oxidation and free radical generation or scavenging.   

The leaves of Moringa oleifera Lam (Moringaceae) are 
used by the Indians in their herbal medicine as a 
hypocholesterolemic agent in obese patients 9. The 
scientific basis for their use in hypercholesterolemia 
has been reported. Oral administration of Moringa 
oleifera extracts which contain the alkaloïd moringine, 
identical to benzylamine, has also been shown to 
prevent hyperglycemia in alloxan-induced diabetic rats 
10.  

The hypocholesterolemic effect of crude extract of 
Moringa oleifera leaf has been studied in animal 
species (9). Results of a study conducted in our 
laboratory showed reduction in cholesterol levels in 
rats on oral supplementation of MO leaves powder 11. 
In addition, we have explored the antioxidant activity, 
stability and use of Moringa in food systems 12, 13, 14, 15. 

With this background, an attempt was made to 
determine the potency of the polyphenols from 
Moringa Oleifera leaves on the inhibition of the HMG 
CoA reductase activity, it is hoped that this information 
will help in understanding the mechanism and role of 
selected sample in modulating the cholesterol 
metabolism. 

MATERIALS AND METHODS:  

Chemicals: All the chemicals were of analytical grade. 
The substrate HMG CoA, dithiothreitol, triethanol-
amine and NADPH were obtained from Sigma Aldrich 
Chemicals, Bangalore. 

Plant Material: The selected plant material, Moringa 
oleifera (MO) leaves were collected locally, washed 
and dried in a hot air oven at 55°C. Dry leaves were 
ground separately and passed through a 60 mesh sieve 
and kept in air tight containers at 4°C until further use.  

Preparation of Polyphenol Extract: Different solvent 
extracts were prepared from the MO leaves and 
among all the 80% Methanol extract found to be richer 
in polyphenols 13.  

Extraction: A 15g sample was extracted with 100ml 
solvent, (methanol: water, 8: 2) in a mechanical 
shaker. The extracts were evaporated at 40º C under 
reduced pressure to dryness in a rotary evaporator 
(Superfit, India). The extract was rich in chlorophyll and  
to avoid the interference of the green color during the 
analysis the chlorophyll was separated by the method 
given by  Alexis Rich and Christine 16, briefly, hexane 
was added to the 80% methanol extract and shaken for 
30 minutes , as chlorophyll is readily soluble in hexane,  
a chlorophyll rich  hexane layer is formed on the top of 
the extract leaving the other polar components 
especially phenolic compounds in the water and 
methanol layer and this polyphenol (30-40%) rich 
extract was further dried and stored in air-tight 
container at 0oC until used. 

Animal and liver: A healthy male adult rat was fasted 
24hr and sacrificed after 9:00 pm to obtain the active 
HMG CoA reductase enzyme. 

Preparation of Microsomes: The procedure described 
here is partially modified from that reported by 
Shapiro and Rodwell, 1971 17. The liver was 
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immediately removed and placed in cold buffer (0-4°C) 
at pH 7.4. The buffer contained 0.1 M triethanolamine. 
HCl, 0.02 M EDTA, and 2.0mM dithiothreitol. The liver 
was thoroughly chilled, blotted, and weighed. The 
tissue was minced with scissors and homogenized with 
3.5 ml of buffer/g of tissue. The homogenization was 
done with six strokes of a smooth-walled, glass Remi 
homogenizer with a loose-fitting Teflon pestle (0.5 mm 
radial clearance). The homogenate was centrifuged for 
10 min at 12,000 g to remove cell debris and 
mitochondria.  

After the supernatant solution was carefully removed 
to prevent contamination with mitochondria and 
recentrifuged for 10 min at 12,000 g to ensure removal 
of mitochondria, it was then centrifuged at 60,000 g 
for 60 min. The 60,000g microsomal pellet was then 
rinsed with buffer and frozen in a freezer (-20°C). 
Frozen microsomes were resuspended in 0.1 M 
triethanolamine buffer, pH 7.4, containing 0.02M EDTA 
and 10mM dithiothreitol and allowed to stand 60 min 
packed in ice; they were then centrifuged at 60,000g 
for 45 min. The resuspended microsomes to be used 
for the assay were diluted with buffer to give a protein 
concentration of 5-10 mg/ml.   

3-Hydroxy-3-methylglutaryl CoA Reductase Assay as 
per Frankel H, Hulcher and Wayne H Oleson, 1973 18. 
For the assay of 3-hydroxy-3-methylglutaryl CoA 
reductase, the incubation mixtures normally contain 
0.5-1 .0 mg of microsomal protein, 150 nmoles of HMG 
CoA, and either 2 µmoles of NADPH or, preferably, 2 
µmoles of NADP, 2 units of glucose-6-phosphate 
dehydrogenase, and 3 µmoles of glucose-6-phosphate. 
These components are added to 0.8 ml of 0.1 M 
triethanolamine-0.02 M EDTA buffer at pH 7.4 without 
dithiothreitol.  

The dithiothreitol (0.2 µmole) was added along with 
the microsomal preparation. The final incubation 
volume was 1 ml. Control tubes were as follows: (a) All 
components, (b) all components except NADPH, (C) all 
components except NADPH with 200to 400µg of 
Polyphenols extract. The reaction is started by the 
addition of microsomes, and the mixture is incubated 
in Corex centrifuge tubes at 37°C for 30 min. After 
incubation, 20µl of 1 X M sodium arsenite solution is 
added to facilitate removal of soluble protein, and 
after 1 min the reaction is terminated by the addition 

of 0.1 ml of 2.0 M citrate buffer, pH 3.5, containing 3% 
sodium tungstate to give a final pH of 4.0 to precipitate 
the microsomal protein. After 10 min in a 37°C water 
bath, the tubes are centrifuged at 25,000 g for 15 min 
to remove protein. 

1 ml of the supernatant is transferred to a tube with 
stopper, and just before assay the pH is brought to 8.0 
by addition of 0.2 ml of 2 M Tris buffer, pH 10.6, and 
0.1 ml of 2 M Tris buffer, pH 8.0. The formation of the 
dithiol-arsenite complex is complete in 3-4 min after 
the addition of 50 µl of 0.4 M sodium arsenite. The 
concentration of monothiol is determined by reacting 
DTNB with the reaction mixture in a cuvette placed in a 
recording spectrophotometer. 20 µl of 3 mM DTNB in 
0.1 M triethanolamine 42 M EDTA buffer, pH 7.4, is 
added to 1.0 ml of the solution in a 1.0-ml cuvette, and 
the time is indicated on the recorder. The contents are 
mixed and the absorbance is measured for 4 min at 
412 nm.  

The monothiol reacts immediately but the dithiol 
reacts slowly, giving a linear increase in absorbance 
with time. The absorbance due to monothiol is 
determined by extrapolating the linear portion of the 
curve back to the time of addition of DTNB. The 
concentration of monothiol is calculated using the 
molar extinction coefficient of 1.36 X lo4 (Ellman GL,. 
1959). The conversion to nanoMoles of CoA formed 
per minute is as follows: 

n moles/min=  [A reaction – A control]  x 1.43 
                                         0.0136 x time 

The value of 1.43 is the dilution factor, and A is the 
absorbance at 412 nm. The difference in absorbance 
between the complete reaction and that of all 
components except NADPH represents the activity due 
to HMG CoA reductase.   

Statistical Analysis: Each experiment was conducted in 
3 replicates and data are expressed as Mean+ SD. The 
HMG CoA reductase inhibition data was subjected to 
Students‘t’ test. 

RESULTS:  

3-Hydroxy-3-methylglutaryl Co A reductase Assay: In 
the present study, liver microsomes were treated with 
MO polyophenols at 200, 300 and 400µg along with a 
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control and their effect on the activity of 3-hydroxy-3-
methylglutaryl CoA reductase was measured based on 
the coenzyme A released during the reduction of 3-
hydroxy-3-methylglutaryl CoA to mevalonate. Results 
indicate that the MO polyphenols were effective in 
inhibiting the HMG CoA reductase in the liver 
microsomes.  

The Coenzyme A released during the assay was 
significantly (p<0.05) higher (18.87±0.12 nMoles/mg 
protein) than the microsomes treated with MO 
polyphenols at different concentrations (Figure 1 and 
2) and polyphenols at 400 µg were more potent in 
inhibiting the enzyme activity (10.26±0.33 nMoles/mg 
protein).  

 
FIG. 1: THE EFFECT OF MO POLYPHENOLS ON INHIBITING THE ACTIVITY OF HMG CoA REDUCTASE AND RELEASE OF Co ENZYME A BY 
THE REDUCTION OF HMG CoA TO MEVALONATE 
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FIG. 2: TOTAL Co ENZYME A (n moles/mg PROTEIN) RELEASED DURING THE REDUCTION OF   HMG CoA TO MEVALONATE 

Figure 1 shows the time course of activity of HMG CoA 
reductase for a period of 4 minutes, where we can 
observe that the rate of release of Coenzyme A was 
constantly high from the zero to 4th minute (5.66 to 
18.87nMoles) than the polyphenol treated tubes. At 
200 and 300 µg concentration differences were 

observed in the rate of release of Coenzyme A  in the 
first 2 min,  lesser amount was released with 200µg 
concentration (11.7nMoles) than 300µg (12.01 
nMoles). However, after the third minute more 
Coenzyme A released at 200 µg (13.28 nMoles) was 
more than the 300 µg (12.82 nMoles).  
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With 400µg polyphenol extract, the rate of release of 
Coenzyme A was constantly less (3.35-10.26nMoles) 
from the zero to 4th minute, compared to control and 
other variations.  

Fig. 2 shows the total HMG Co A reductase activity as 
nMoles of reduced Coenzyme A released at the end of 
4th minute. The polyphenols at all the concentrations 
were potent in inhibiting the activity of HMG Co A 
reductase enzyme than the control group and also it 
can be observed that there is a significant difference 
(p<0.05) in between the dosages (200µg- 14.69±0.07, 
300µg- 13.37±0.16, 400 µg -10.26±0.33 nMoles) of the 
polyphenols in regulating the HMG CoA reductase 
activity, which shows even at lower dosages the 
poyphenols have actively inhibited the enzyme activity. 

DISCUSSION: The cholesterol homeostasis is 
maintained by the control of the two processes, viz. 
cholesterol biosynthesis in which HMG CoA reductase 
catalyses the rate limiting process and cholesterol 
absorption of both dietary cholesterol and cholesterol 
cleared from the liver through biliary secretion. The 
hepatic activity of HMG CoA reductase is controlled by 
the nutritional and hormonal state of animals 19.  

It is known that feedback suppression of cholesterol is 
mediated through changes in the activity of HMG CoA 
reductase. Changes in the reductase activity are closely 
related to changes in the overall rate of cholesterol 
synthesis, suggesting that the inhibition of HMG-CoA 
reductase would be an effective means of lowering 
plasma cholesterol in humans 6. From past many years 
various HMG CoA reductase-inhibitors have been 
identified from many herbs, medicinal plants, 
microorganisms etc. 

Meanwhile, several chemically synthesized 
compounds, fluvastatin, cerivastatin, strovastatin, 
rosuvastatin, and HR780, have also been developed as 
effective cholesterol lowering agents through the 
inhibition of HMG CoA reductase. Similarly, some 
chemically modified HMG CoA reductase-inhibitors, 
including simvastatin and pravastatin, have been 
developed from natural products. However, most 
commercial HMG CoA reductase-inhibitors have been 
found to possess adverse effects, including the 
induction of cutaneous vasodilation, rashes, 
gastrointestinal discomfort, hyperuricemia, 

hyperglycemia and hepatic dysfunction 20. There are 
many reports, on the hypocholesterolemic potency of 
herbal drugs 3. Epidemiologic studies have shown a 
correlation between an increased consumption of 
phenolic antioxidants and a reduced risk of CVD 7.  

In our lab, a study was conducted by supplementing 
Moringa leaf powder as a source of vitamin E resulted 
in a significant decrease in plasma cholesterol 
compared to the 2 control diets where Palm oil and 
pea nut oil was fed to the rats. Palm oil is known to 
exhibit hypocholesterolemic effect 21, Supplementing 
both PO and PN diets with higher levels of vitamin E 
from Moringa proved to be beneficial in lowering 
plasma cholesterol 11. Moringa oleifera leaf and fruit 
have been reported to exhibit hypocholesterolemic 
effect in rats and rabbits 9, 11, 22. Both studies observed 
a reduction in serum cholesterol levels in the animals. 
However, the mechanism involved in the cholesterol 
lowering by Moringa oleifera leaf and fruit has not 
been reported.  

Hence, an attempt was made to determine the role of 
MO leaves on the cholesterol biosynthesis by ex vivo 
treatment of the liver microsomes with MO 
polyphenols at different concentrations (200-400 µg). 
In rat liver microsomes, a cell free system, MO 
polyphenols inhibited HMG CoA reductase activity. 
This is the first report on the ex vivo HMG CoA 
reductase inhibition by Moringa  oleifera polyphenols. 
Phenolic compounds are now widely accepted as 
antioxidants that have a significant potential to protect 
against many degenerative diseases linked to free 
radical related tissue damage 23. 

The inhibitors of 3-hydroxy-3-methylglutaryl coenzyme 
A (HMG CoA) reductase, which is the enzyme 
responsible for conversion of HMG CoA to mevalonate 
and a rate limiting step in cholesterol biosynthesis, can 
achieve relatively large reductions in plasma 
cholesterol levels and represent an established class of 
drugs for the treatment of hypercholesterolemia. 
Several large prospective clinical trials have recently 
shown that treatment of patients with and without 
coronary heart disease (CHD) with HMG CoA reductase 
inhibitors as well as other lipid-lowering drugs such as 
fibrates to lower plasma cholesterol levels, leads to a 
reduction of cardiovascular morbidity and mortality 24, 

25, 26. 
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The use of substances inhibiting HMG CoA reductase 
(statins) is very effective in blood cholesterol 
reduction. In a study, focused on the effect of the 
polyphenolic compounds from virgin olive oil on 
cholesterol metabolism, have demonstrated a 
significant decrease in the activity of HMG CoA 
reductase in the liver microsomes of rats. The 
inhibition of HMG CoA reductase by polyphenolic 
compounds represent a beneficial effect through olive 
oil ingestion and can play an important role in the 
prevention of cardiovascular diseases. 27.  

Similarly, Hirangi et al., 3 have analyzed the in vitro 
inhibition of the HMG CoA reductase by several herbal 
drugs known to be potent antihyperlipidemic agents.  
Among different medicinal plants Andrographis 
paniculata, Anthocephalus indicus and Terminalia 
arjuna at 0.05 and 0.150 mg possessed HMG CoA 
reductase inhibitory activity.   

With increased interest in dietary phenolic compounds 
in cereals, herbs, fruits, roots and vegetables as 
protective agents against coronary heart disease and 
cancer 3, 6, 28, results obtained in the present 
investigation show that the anti HMG CoA reductase 
activity of MO polyphenols encourages designing an in 
vivo study on animal models to confirm their effects. It 
would be interesting to purify and characterize the 
active constituents of these extracts, to establish the 
composition and mechanism of action and to confirm 
their pharmacological potentials. 

CONCLUSION: The results of the present study show 
the role of polyphenols in modulating the cholesterol 
metabolism by inhibiting the activity of HMG CoA 
reductase. This finding lends support to the reported 
studies on the hypocholesterolemic role of Moringa 
oleifera leaves.  

Studies on the isolation and characterization of pure 
MO polyphenols can result in developing a 
neutraceutical or therapeutic agent and further they 
can be used in functional food formulations in the 
management of disorders of cholesterol for controlling 
the dyslipidemia. 
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