
Abstract. – Objectives and Materials and
Methods: Medicinal plants constitute an impor-
tant source of potential therapeutic agents for dia-
betes and hyperlipidemia. The purpose of present
study was to investigate the effect of leaf extract
of Moringa oleifera on inhibition of α-glucosidase
and pancreatic α-amylase related to diabetes mel-
litus. Moreover, the study was also determined in
vitro bile acid binding capacity as well as inhibi-
tion of cholesterol micellization, pancreatic lipase,
and cholesterol esterase activity.

Results: The phytochemical analysis indicated
that total phenolic, flavonoid, and condensed tan-
nin contents in the extract were 45.21±0.96 mg gal-
lic acid equivalents/g extract, 15.39±0.58 mg cate-
chin equivalents/g extract, and 4.90±0.20 catechin
equivalents/g extract, respectively. In addition, the
extract contained a specific inhibitor of intestinal
sucrase than intestinal maltase with IC50 value of
0.78±0.21 mg/ml, whereas it slightly inhibited pan-
creatic α-amylase and pancreatic cholesterol es-
terase. However, the extract had no inhibitory ac-
tivity against pancreatic lipase. Furthermore, tau-
rodeoxycholic acid, taurodeoxycholic acid, and
glycodeoxycholic acid were bound to the extract (1
mg/ml) with a degree of 26.90±0.37%, 21.78±0.68%,
and 22.59±1.02%, respectively. Finally, the extract
(10 mg/ml) markedly inhibited the formation of
cholesterol micelle about 40.22±2.64%.

Conclusion: Our results indicated that the
leaf extract of Moringa oleifera may be used for
the control of blood glucose and lipid concentra-
tion and prevention of hyperglycemia and hyper-
lipidemia.
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Introduction

Diabetes mellitus is a group of metabolic dis-
orders which result from defects in both regula-
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tions of insulin secretion and/or insulin action.
Diabetes mellitus is associated with a reduced
quality of life and increased risk of mortality and
morbidity. Hyperlipidemia is a group of metabol-
ic disorders caused by hypertriglyceride and/or
hypercholesterol in blood circulation. The long-
term hyperglycemia and hyperlipidemia is an im-
portant contributor to develop the progression of
micro- and macro-vascular complications includ-
ing microangiopathy, cardiovascular, cerebrovas-
cular, and metabolic syndrome diseases. The
prevalence of hyperlipidemic and diabetic pa-
tients has dramatically increased worldwide due
to a modern lifestyle and an increase of con-
sumption of high-carbohydrate and high-fat
diets1-3. One of the most important strategies for
prevention of postprandial hyperglycemia and
hyperlipidemia is inhibition of carbohydrate di-
gestive enzymes (α-glucosidase and α-amylase),
inhibition of fat digestion and absorption4. World
ethnobotanical information reported that a num-
ber of herbal medicines from plants and vegeta-
bles are used for the control of hyperglycemia
and hyperlipidemia5. Many herbal medicines have
potential and opportunity for the development of
newer therapeutics for anti-hyperglycemic and
anti-hyperlipidemic agents from natural re-
sources6-8.

Moringa oleifera (Ma-rum) is the most wide-
ly cultivated species of a monogeneric family,
the Moringaceae, which includes 13 species of
trees and shrubs distributed in India, Sri Lanka,
Pakistan, Bangladesh North-eastern and South-
western Africa, Arabia, and Thailand. Moringa
oleifera has shown various beneficial pharmaco-
logical effects in prevention or treatment of a
variety of diseases such as anti-diabetic9, anti-
microbial10, anti-inflammatory11, anti-oxidant
properties12. It has recently reported that the leaf
extract of Moringa oleifera decreases the blood
glucose level in normal and streptozotocin
(STZ)-induced diabetic rats9. Moreover, the ad-
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α-Glucosidase Inhibition Assay
α-Glucosidase inhibitory activity was per-

formed according to our previous report8. Briefly,
rat intestinal acetone powder was homogenized
in 0.9% NaCl solution. After centrifugation, 10
µl of the supernatant was incubated with 70 µl of
substrate solution (37 mM maltose, 54 mM su-
crose), and 20 µl of extract at various concentra-
tions in 0.1 M phosphate buffer pH 6.9 at 37oC
for 30 min (maltase assay) and 60 min (sucrase
assay). The mixtures were suspended in boiling
water for 10 min to stop the reaction. The con-
centrations of glucose released from the reaction
mixtures were determined by glucose oxidase
method.

Pancreatic α-Amylase Inhibition Assay
The pancreatic α-amylase inhibition assay

was performed according to our previous re-
ports17. The extract was added to solution con-
taining in starch (1 g/l) and phosphate buffer
(pH 6.9). The reaction was initiated by adding
amylase (3 U/ml) to the mixture to a final vol-
ume of 500 µl. After 10 min the reaction was
stopped by adding 500 µl dinitrosalicylic
(DNS) reagent to the reaction mixture. The
mixtures were heated at 100°C for 10 min and
500 µl of 40% potassium sodium tartrate solu-
tion was added to the mixtures. The absorbance
was recorded at 540 nm using spectrophotome-
ter (Biotek, Vinooski, VT, USA).

Pancreatic Lipase Inhibition 
Pancreatic lipase activity was slightly modi-

fied according to previous method18. The extract
(25 µl) was mixed with 25 µl of pancreatic lipase
solution (50 U/ml) in the well of a microplate.
Fifty microliters of oleate ester of fluorescent 4-
methylumbelliferone (4MUO) solution (0.1 mM)
dissolved in phosphate-buffered saline (PBS) was
then added to initiate the enzyme reaction. After
incubation at 37°C for 20 min, 100 µl of 0.1 M
sodium citrate (pH 4.2) was added to stop the re-
action. The amount of 4-methylumbelliferone re-
leased by lipase was measured using a fluores-
cence microplate reader (Biotek, Vinooski, VT,
USA) at an excitation wavelength of 320 nm and
an emission wavelength of 450 nm.

Pancreatic Cholesterol Esterase Inhibition
The pancreatic cholesterol esterase inhibition

was performed spectrophotometrically19 at 25oC.
The extract was incubated with mixtures contain-
ing 5.16 mM taurocholic acid, 0.2 mM p-NPB in

ministration of the crude leaf extract of
Moringa oleifera decreases cholesterol levels in
serum, liver, and kidney in the rat fed with a
high-fat diet13.

However, anti-diabetic and anti-hyperlipidem-
ic effects of the leaf extract of Moringa oleifera
through the inhibition of carbohydrate digestive
enzymes and the inhibition of lipid digestion and
absorption are not well known. Therefore, the
aim of the present study was to investigate the
effect of the leaf extract of Moringa oleifera on
inhibition of α-glucosidase, pancreatic α-amy-
lase, pancreatic lipase, and pancreatic choles-
terol esterase activities. Moreover, inhibition of
cholesterol micellization formation, and bile
acid binding capacity of the extract were also
determined.

Material and Methods

Chemicals
Folin-Ciocalteu, quercetin, catechin, gallic

acid, rat intestinal acetone powder, porcine pan-
creatic α-amylase, vanillin, aminoguanidine,
3,5-dinitrosalicylic acid, glucose oxidase kits,
p-nitrophenylbutylrate (p-NPB), oleic acid,
phosphatidylcholine, glycodeoxycholic acid,
taurodeoxycholic acid, taurocholic acid, porcine
cholesterol esterase, porcine pancreatic lipase
were purchased from Sigma-Aldrich Co. (St.
Louis, MO, USA). Cholesterol test kits were
purchased from HUMAN GmbH Co. (Wies-
baden, Germany). Total bile acid kit was pur-
chased from Bio-Quant Co. (San Diego, CA,
USA). All others chemicals used were of ana-
lytical grade.

Preparation of the Extract
The dried leaves were extracted with distilled

water at 90°C for 2 h. The samples were filtered
through Whatman 70 mm filter paper. The solu-
tion was then centrifuged at 8,000 rpm for 10
min. The aqueous solution was concentrated be-
fore being charged in the spray-dryer.

Phytochemical Analysis
Total phenolic content was determined with

the Folin-Ciocalteu’s reagent14. Estimation of to-
tal flavonoid content was assayed spectrophoto-
metrically according to a previous report15. Con-
densed tannin was performed by using vanillin
method according to a previous literature16. 
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Phytochemical analysis

Total phenolics Flavonoids Condensed tannins
(mg/g extract) (mg/g extract) (mg/g extract)

Moringa oleifera 45.21 ± 0.96 15.39 ± 0.58 4.90 ± 0.20

Table I. Total phenolic, flavonoid, and condensed tannin contents of Moringa oleifera leaf extract.

Results are expressed as means ± S.E.M., n = 3.

100 mM sodium phosphate buffer, 100 mM NaCl,
pH 7.0. The reaction was initiated by adding
porcine pancreatic cholesterol esterase (1 µg/ml).
After incubation for 5 min at 25oC, the mixtures
were measured the absorbance at 405 nm.

Cholesterol Micellization 
Artificial micelles were prepared according

to previous method with minor modifications20.
In brief, the mixtures (2 mM cholesterol, 1
mM oleic acid, and 2.4 mM phosphatidyl-
choline) were dissolved in methanol and dried
under nitrogen before adding 15 mM PBS con-
taining 6.6 mM taurocholate salt, at pH 7.4.
The suspension was sonicated twice for 30 min
using a sonicator (Crest Ultrasonics, Ewing,
NJ, USA). The micelle solution was incubated
overnight at 37°C. Thereafter, the extract or
equivalent PBS as control were added to the
mixed micelle solution and incubated for fur-
ther 2 h at 37°C and centrifuged at 16,000 rpm
for 20 min. The supernatant was collected for
the determination of cholesterol by using total
cholesterol test kits (HUMAN GmbH Co.,
Wiesbaden, Germany).

Bile Acid Binding 
The bile acid binding assay was slightly modi-

fied according to previous method21. Taurocholic
acid, glycodeoxycholic acid and taurodeoxy-
cholic acid were used as bile acid in this experi-
ment. Briefly, the extract (1 mg/ml) was incubat-
ed with each bile acid (2 mM) containing in 0.1
M phosphate buffer-saline (pH 7) at 37°C for 90
min. The mixtures were filtered through 0.2 µm
filter and frozen at –20°C until analysis was car-
ried out. The bile acid concentration was ana-
lyzed spectrophotometrically at 540 nm by using
bile-acid analysis kit (Bio-Quant Co., San Diego,
CA, USA).

Statistical Analysis 
The IC50 values were calculated from plots of

log concentration of inhibitor concentration ver-
sus percentage inhibition curves by using the
Sigma Plot 10.0 software (Systat Software Inc.,
San Jose, IL, USA).Values were expressed as
mean ± standard error (SE) for n = 3. 

Results 

The amount of total phenolic compounds,
flavonoids, and condensed tannins in the extract
are listed in Table I. Total phenolic compound in
the extract was 45.21±0.96 mg gallic acid equiv-
alent/g extract. It was found that the content of
flavonoid in the extract was 15.39±0.58 mg
quercetin equivalent/g extract. Furthermore, the
content of condensed tannins in the extract was
4.90±0.20 mg catechin equivalent/g extract.

As shown in Table II, the IC50 value of the ex-
tract was 0.98±0.21 mg/ml for intestinal sucrase,
whereas the extract (5 mg/ml) inhibited intestinal
maltase by 22.3± 2.8%. The findings indicated that
the extract was more specific inhibitor of intestinal
sucrase than intestinal maltase. In addition, the ex-
tract (5 mg/ml) was less potent inhibitor against
pancreatic α-amylase (% inhibition = 5.3±0.5%).
The extract inhibited pancreatic cholesterol es-
terase activity with the IC50 value of 4.34±0.25
mg/ml. However, it found that the extract had no
inhibitory activity on pancreatic lipase.

The percentage inhibition of formatting cho-
lesterol micellization of the extract (10 mg/ml)
was 40.22±2.64%. The percentage bile acid
binding by the extract (1 mg/mL) is shown in
Figure 1. The results showed that the percentage
taurodeoxycholic acid, taurodeoxycholic acid,
and glycodeoxycholic acid binding were
26.90±0.37, 21.78±0.68, and 22.59±1.02, re-
spectively.
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Discussion

This is the first study to investigate the effect
of leaf extract of Moringa oleifera on inhibition
of α-glucosidase, pancreatic α-amylase related to
anti-hyperglycemic activity. Our findings show
that the extract markedly inhibits intestinal su-
crase activity. The inhibition of α-glucosidase
and pancreatic α-amylase activity results in de-
laying carbohydrate digestion to absorbable
monosaccharide, causing reduction of postpran-
dial hyperglycemia. It has been established that
reduction of postprandial hyperglycemia con-
tributes to decrease in hemoglobin A1C (HbA1C)
in diabetic patients, consequently, reduces the ap-
pearance of chronic vascular complications22.
The number of patients with pre-diabetic condi-
tion is currently increasing in worldwide23. An
intake of Moringa oleifera leaf may delay glu-
cose absorption to blood circulation in pre-dia-
betic patients that help to prevent the develop-
ment of type 2 diabetes. 

Recent evidence strongly supports that aggres-
sive delaying dietary fat digestion and absorption
is one of successful strategy for treatment of hy-
perlipidemia24. In the present study, Moringa
oleifera leaf extract was investigated anti-hyper-
lipidemic properties through inhibition of pan-
creatic lipase, cholesterol micellization forma-
tion, pancreatic cholesterol esterase, and bile acid
binding. Pancreatic lipase and cholesterol es-
terase plays a pivotal role in hydrolyzing dietary
triglyceride and cholesterol esters25,26. The hy-
drolysis of cholesterol ester is catalyzed by pan-
creatic cholesterol esterase which liberates free
cholesterol in the small intestine. Moreover, pan-
creatic cholesterol esterase plays an important
role in regulating the incorporation of cholesterol
into mixed micelles27. Therefore, inhibition of
cholesterol esterase activity is anticipated to limit
the absorption of dietary cholesterol, resulting in
delayed cholesterol absorption28. Consequently,
the principal steps in the absorption of dietary
cholesterol are involved in the formation of mi-
cellar solubilization, and absorption in the proxi-
mal jejunum29. The reduction of cholesterol ab-
sorption by inhibiting this mechanism is a new
target site of intervention for treatment of hyper-
lipidemia and obesity20. Moreover, binding bile
acids by forming insoluble complexes and in-
creasing their fecal excretion have been hypothe-
sized as a possible mechanism of lowering plas-
ma cholesterol level30. In this study, we firstly
present anti-hyperlipidemic mechanisms of
Moringa oleifera leaf extract by inhibiting cho-
lesterol esterase activity as well as inhibiting the
formation of cholesterol micellization and bile
acid binding. As previous studies mentioned
above, it suggests that anti-hyperlipidemic activi-
ties of Moringa oleifera leaf extract may be in-
volved in these mechanisms. 

Published research suggests that there is a di-
rect relationship between of phenolic compound,
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IC50 values (mg/ml)

Pancreatic
Pancreatic cholesterol

α-Amylase Maltase Sucrase lipase esterase

Moringa oleifera > 5.00 > 5.00 0.98 ± 0.21 N.I. 4.34 ± 0.25

Table II. The inhibitory effect of Moringa oleifera leaf extract on pancreatic α-amylase, intestinal α-glucosidase (maltase and
sucrase), pancreatic lipase, and pancreatic cholesterol esterase.

Results are expressed as means ± S.E.M., n = 3, N.I. = No inhibition.

Figure 1. The effect of Moringa oleifera leaf extract on
taurocholic acid (TA), taurodeoxycholic acid (TDA) and
glycodeoxycholic acid (GDA) binding. Results are ex-
pressed as means ± S.E.M., n = 3.
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flavonoids, and condensed tannin in the extract
and the ability to inhibit α-glucosidase and α-
amylase activities8,31,32. It has been reported that
phenolic compounds show the ability to inhibit
the formation of cholesterol micelles33. In this
study, it can be hypothesized that phenolic com-
pounds, flavonoids, and condensed tannins in
Moringa oleifera may play important role for in-
hibition of α-glucosidase, pancreatic cholesterol
esterase activity, as well as bile acid binding and
inhibiting the formation of cholesterol micelliza-
tion. Further studies are needed to clarify this im-
portant hypothesis.

In conclusion, our results have demonstrated
the beneficial biological effects of Moringa
oleifera by inhibiting α-glucosidase, cholesterol
esterase, formation of cholesterol micellization,
and bile acid binding. A daily intake of this plant
may help to prevent hyperglycemia and hyper-
lipidemia.
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