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INTRODUCTION

Hypercho le s t e ro l emia ,  i s  a  p re requ i s i t e  fo r 
atherogenesis which leads to myocardial ischemia 
and other cardiac complications. People with elevated 
low‑density‑lipoprotein (LDL) cholesterol are prone to the 
development of  coronary heart disease through multiple 
stages of  the process. Lowering of  serum LDL cholesterol 
is the primary target of  anti‑hyperlipidemic therapy. A large 
number of  clinical trials on cholesterol‑lowering therapy 
resulted in using 3‑hydroxy‑3‑methylglutaryl coenzyme‑A 
reductase inhibitors (statins [STs]).[1] Bile acid sequestrants 
acted on by interrupting enterohepatic recycling of  bile 
acids, they have shown adverse effects like constipation 
and bloating hemorrhoidal bleeding. Fibric acid derivatives 
are another class of  drugs reduce cholesterol by increased 
lipolysis of  triglyceride via lipoprotein lipase. Ezetimibe 

reduces cholesterol by blocking the uptake of  cholesterol 
into jejunal enterocytes.[2] STs are drugs of  first choice 
for the patients with hypercholesterolemia, especially in 
those at high cardiovascular risk, however some of  these 
patients are intolerant to STs.[3] Dietary ingredients include 
vitamins, minerals, amino acids, and herbs or botanicals, as 
well as other substances that can be used to supplement 
the diet. Several plant based nutraceuticals have been 
suggested to improve plasma lipid profile.[4] Red yeast rice, 
sugar cane‑derived policosanols, artichoke leaf  extracts are 
currently used as dietary supplements for their potential 
LDL‑cholesterol‑lowering effects.[5] Extensive literature 
survey supports Mangifera indica L. as one of  the ingredients 
which could be utilized for controlling cholesterol level.

Mangifera indica commonly known as mango is a large 
avenue tree which seen throughout India. It belongs to 
the family Anacardiaceae. M. indica is one of  the most 
popular of  all tropical trees. There are more than 1000 
varieties of  mango trees all over the world. Most parts of  
the tree  (fruit, seeds, pulp, stem bark, roots and leaves) 
have medicinal properties.[6] It is native to tropical Asia 
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and has been cultivated in the Indian subcontinent for 
over  4000  years and is now found naturalized in most 
tropical countries.[7] Phytochemical studies on various parts 
of  M. indica L. revealed that it contains phenolic acids, 
phenolic esters, flavonoids, xanthanoid‑mangiferin etc. 
In vitro studies revealed that these compounds exhibit many 
biological activities. Mangiferin, a major compound of  
M. indica have studied for many pharmacological activities 
like anti‑diabetic, rheumatid arthritis, anti‑inflammatory, 
hypolipidemic, antioxidant activities.[8‑12] Flavonoid rich 
fraction of  kernels of  M. indica, leaf  and bark extract 
have shown anti‑atherogenic activity and excretion of  
cholesterol through faeces.[13,14] The ethanolic extract of  
immature leaf  have shown favorable hypolipidemic and 
hepatoprotective activities.[15] Thus, this study was focused 
to isolate bioactive compounds through bioactivity guided 
fractionation for isolation of  bioactives from the extract 
using cholesterol esterase inhibition assay along with their 
purification and structural elucidation. The active fraction 
can be used to develop a dietary supplement of  M. indica for 
hypocholesterol activity. An effort is also made to develop a 
high performance liquid chromatography (HPLC) method 
to determine the amount of  bioactive compounds in 
different varieties of  M. indica screened for activity.

Experimental details
Plant materials
Fresh leaves of  different varieties of  M. indica like Badami, 
Totapuri, Sindoora, Sannabeejada Kayi and Valaja were 
collected from Krishnagiri District, Tamil Nadu, India and 
identified by Dr. Santhan, Taxonomist, Natural Remedies 
Pvt. Ltd, Bangalore. Voucher specimens for each variety 
have been deposited in Agronomy Department of  Natural 
Remedies Pvt. Ltd.

General
The hydrogen nuclear magnetic resonance (1H NMR) and 
carbon NMR (13C NMR) spectra were recorded using a 
Bruker AMX‑400  (400 MHz) instrument. Deuterated 
chloroform, dimethyl sulphoxide are used for NMR 
analysis. HPLC analysis is carried by using Shimadzu LC 
2010AHT which uses ultraviolet  (UV) and photodiode 
array detector with LC solution software. The mass spectra 
were taken on a LC‑MSD‑Trap‑XCT‑plus instrument. 
Fractions were monitored by thin layer chromatography 
and the spots were visualized under UV  (254 nm) light 
and further developed by spraying with anisaldehyde 
sulphuric acid and heated at 105°C. TLC was carried 
out on precoated silica gel 60F254 (0.25 mm thick, Merck, 
Darmstadt, Germany) and column chromatography was 
performed on silica gel  (120 mesh, Swambe chemicals). 
Standards‑gallic acid, mangiferin (phytocompounds scale 
up Lab, Natural Remedies, Pvt., Ltd.).

Bioassay guided fractionation
The dried leaves of  M. indica of  different varieties 
were used for extraction by reflux method. Sindoora 
variety (5 kg), and others 200 g each of  Badami, Totapuri, 
Sannabeejada Kayi and Valaja were extracted three times 
with methanol. The methanol extracts of  all variety 
were filtered, combined and concentrated at 60°C under 
vacuum using a rotary evaporator. Final powder form of  
methanol extract was used for bioassay studies. Sindoora 
variety extract was used for bioactivity guided fractionation 
studies due to easy and commercial availability of  leaf. The 
crude methanol extract of  Sindoora leaf  was subjected 
to liquid/liquid partition using water and ethyl acetate. 
The ethyl acetate layer  (250  g) subjected to column 
chromatography (mesh size #60–120).

Compound 1
As shown in the Figure 1, the ethyl acetate fraction 
from methanol extract was subjected to silica column 
chromatography by eluting with increasing polarity 
of  solvents like petroleum ether, ethyl acetate and 
methanol (A: B and B: C‑1:0‑0:1 and 1:0‑0:1) as a gradient 
to afford eleven fractions.

The 15% ethyl acetate in pet ether fraction (FRN IV) 
enriched with compound 1 was chromatographed on silica 
gel (300–400 mesh) using flash chromatography (Combi 
flash) using petroleum ether and chloroform as mobile 
phase with increasing polarity. The combination of  
petroleum ether and chloroform would give different 
polarity combination than the ethyl acetate combination 
for better separation. (TLC‑precoated silica gel 60 F254 
plates [Merck]; developing solvent petroleum ether: ethyl 
acetate [8:2] and the spots are not detected by 254 nm. 
Hence, it is sprayed with anisaldehyde sulphuric acid 
reagent followed by heating at 105°C for 5 min). Fractions 
collected from 20% chloroform to 30% chloroform 
in petroleum ether was enriched with compound 1, 
followed by repeated crystallisation by dissolving in 
hexane to get pure 3 β‑taraxerol [Figure 2] characterized 
based on spectroscopic data [Figures S1-4] matched with 
literature values.[16]

Compound 2
The 100% methanol fraction (fraction no XII) from silica 
column was rechromatographed on silica gel, eluted with 
increasing polarity using petroleum ether and ethyl acetate 
followed by increasing percentage of  methanol. Each 
individual collected fraction was concentrated in rotary 
evaporator to distil the solvents. The 20% methanol in 
ethyl acetate fraction obtained from above was applied 
on diaion HP‑20 resin column for further purification of  
compound 2, which was eluted with decreasing polarity 
using water and acetone. The 20% acetone in water 
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fraction was applied on sephadex LH‑20 for further 
purification of  compound eluted using water as solvent. 
Different fractions were collected and combined based 
on TLC observation. Final purification was carried out 
by using the prep HPLC  (Kromasil C18 preparative 
HPLC column  [250 mm × 21.2 mm, 5 μm]) was used. 
The preparative HPLC method was developed using 
isocratic method containing 15% methanol in water 
to yield compound 2  (360  mg) which was identified as 
Iriflophenone‑3‑β‑C‑glucoside [Figure 3] based on the 
spectroscopic data [Figures S5-7].[17]

3 β‑taraxerol (compound 1)
Infrared: 3600 (strong broad, OH), 2900 (CH stretching), 
1540 (C = C).

Mass spectrum: m/z 408 (M‑H2O).

Hydrogen nuclear magnetic resonance and carbon 
nuclear magnetic resonance
Hydrogen nuclear magnetic resonance 
spectrum (CDCl3‑200 MHz)
δ 0.80 (3H, s, 24‑Me), 0.82 (3H, s, 28‑Me), 0.90 (3H, s, 25, 
29‑Me), 0.92 (3H, s, 27, 30‑Me), 0.95 (3H, s, 23‑Me), 0.97 (3H, 
s, 27‑Me), 1.02 (1H, m, C5H), 1.09 (3H, s, 26‑Me), 4.14 (1H, 
d, C3H, J = 7.0 Hz), 5.56 (1H, dd, C15H, J = 8.0, 8.0 Hz).

Carbon nuclear magnetic resonance 
spectrum (CDCl3‑200 MHz)
δ 15.62 (C‑24, 25), 17.68 (C‑11), 18.98 (C‑6), 21.49 (C‑30), 
26.08  (C‑27), 27.34  (C‑2), 28.18  (C‑23), 28.98  (C‑20), 
30.10 (C‑26, 28), 33.28 (C‑22), 33.53 (C‑29), 33.88 (C‑21), 
35.31  (C‑7), 35.97  (C‑12), 36.88  (C‑16), 37.80  (C‑10), 
37.91  (C‑13), 38.04  (C‑1), 37.91  (C‑17), 38.82  (C‑8), 
38.95  (C‑4), 41.51  (C‑19), 48.95  (C‑9), 49.47  (C‑18), 
55.72 (C‑5), 79.25 (C‑3), 117.06 (C‑15), 158.27 (C‑14).

Iriflophenone‑3‑β‑C‑glucoside (compound 2)
Infrared: 3312 (strong broad, OH), 2900 (CH stretching), 
1606 (C = C).

Mass spectrum: m/z 407 (M‑H).

Nuclear magnetic resonance details
1H‑NMR  (dimethyl sulfoxide  [DMSO]) δ: 7.57  (2H, dd, 
J = 6.8, 1.6 Hz, H‑2’, H‑6’), 6.79 (2H, dd, J = 7.2 Hz, H‑3’, H‑5), 
5.95 (1H, S H6), 4.60 (1H, d, J = 9.6, glc H‑1), 3.19–3.63 (sugar 
protons); 13C‑NMR (DMSO) δ:194.616 (C‑7), 161.36 (C‑4’), 
158.99 (C‑4), 157.36 (C‑3), 156.70 (C‑2), 131.49 (C‑2’, C‑6’), 
130.71 (C‑1’), 114.60 (C‑3’, C‑5’), 106.95 (C‑1), 103.63 (C‑5), 
94.79  (C‑6), 81.04  (C‑5”), 78.28  (C‑3”), 74.62  (C‑1”), 
71.82 (C‑2”), 69.6 (C‑4”), 60.4 (C‑6”).

Figure 1: Scheme for bioactivity guided fractionation of Mangifera indica leaf methanol extract in cholesterol esterase inhibition assay
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High performance liquid chromatography quantification 
of 3 β‑taraxerol
The HPLC instrument employed for the analysis of  the 
amount bioactives consists of  Shimadzu SIL‑10A auto 
injector, sample cooler, two CTO‑10A pumps, CTO‑10A 
column oven, SPD‑M10AVP diode array detector and 
SCL 10 AVP central unit (Shimadzu Ltd, Kyoto, Japan). 
A Kromasil C8 column (250 mm × 4.6 mm, particle size 
5 µ) was used. The isocratic mobile phase consists of  a 
water (solvent A) and methanol (solvent B) in proportion 
of  5:95. Flow rate of  the effluent was 1.5 ml/min, with run 
time of  30 min, the detector wavelength of  205 nm and 
the volume of  injection was 20 µL. Sample concentration 
used in the range of  5–10 mg/ml solutions.

Cholesterol esterase inhibition assay
Hypercholesterolemia is the source for major health 
issues like coronary heart disease and atherosclerosis. 
One of  the major therapeutic strategies to effectively 
control these diseases by regulating plasma cholesterol 
level which is produced by the biosynthesis and 
dietary intake. Inhibition of  human cholesterol 
esterase is very important target in the treatment of  
hypercholesterolemia, which is involved in the regulation 
of  plasma cholesterol level.[18]

The pancreatic cholesterol esterase inhibition assay 
was performed in triplicates according to Pietsch and 
Gutschow.[19] Various concentrations of  each compound/
fractions were incubated with mixtures containing 
100 µl of  5.16 mM taurocholic acid, 90 µl of  0.2 mM 
p‑nitrophenylbutyrate in 100 mM sodium phosphate 
buffer diluted with100 mM NaCl, pH 7.0. The reaction 
was initiated by adding 5 µl of  porcine pancreatic 
cholesterol esterase (1 μg/mL). After the incubation of  
5 min at 25°C, absorbance of  the mixtures was measured 
at 405 nm. Simvastatin was used as a positive control for 
this study.

RESULTS AND DISCUSSION

Cholesterol and free fatty acids are liberated within the 
intestinal lumen after hydrolysis of  long chain fatty 
acid esters of  cholesterol by pancreatic cholesterol 
esterase (EC 3.1.1.13), also known as a bile salt‑dependent 
lipase. The process of  hydrolysis of  cholesterol ester 
into cholesterol by cholesterol esterase in the intestinal 
lumen is required for absorption because cholesterol 
ester is not directly absorbed by the intestinal epithelial 
cells. WAY‑121,898, a synthetic novel inhibitor of  
cholesterol esterase was shown the lipid lowering effect 
upon oral and parenteral administrations.[20] The efficient 
decrease in the absorption of  dietary cholesterol esters 
in animal[21,22] was supported that the hydrolysis of  
dietary cholesterol ester into cholesterol by cholesterol 
esterase in the intestinal lumen is an essential process 
for absorption. Therefore, inhibition of  cholesterol 
esterase enzyme activity could inhibit absorption of  
dietary cholesterol esters.

The leaf  methanol extract of  M. indica is known to have 
hypocholesterol activity.[21] Scientific literature search has 
indicated that cholesterol lowering constituents are not 
identified so far. Polyphenols like gallic acid, catechin 
and epicatechin from the grape seed are exhibiting 
hypocholesterol activity.[23] Mangiferin has shown reduced 
cholesterol, anthihyperlipidemic and antiatherogenic 
properties in diabetic rats.[24‑26] These evidences motivated 
us to test these compounds for the cholesterol lowering 
activity. However, the preliminary result revealed that 
the mangiferin, a polyphenol is not active in cholesterol 
esterase inhibition assay. The effects of  mangiferin on 
targets other than cholesterol esterase in in  vivo may 
results in nonresponding to cholesterol esterase inhibition 
assay. Hence, bio‑active guided studies study is conducted 
to identify hypocholesterol responsible constituents 
in the extract. The methanol extract was partitioned 
between ethyl acetate and water to afford polar  (water) 
and nonpolar  (ethyl acetate) fractions. The nonpolar 
fraction from the methanol extract has shown highest 

Figure 3: Iriflophenone‑3‑β‑C‑glucoside

Figure 2: 3 β‑taraxerol
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activity than the polar fraction  [Figure 1]. The scheme 
of  isolation of  marker compounds indicates that the 3 
β‑taraxerol  (compound 1) enriched fraction has shown 
IC50 value of  0.86 µg/ml [Figure 4]. However, 3 β‑taraxerol 
isolated from the fraction was not soluble in buffer assay; 
hence, it was not able to carry out IC50 value of  the same.

Methanol extract of  different mango are tested in 
cholesterol esterase inhibition assay to understand the 
variability of  the activity and constituents  [Table  1]. 
Valaja and totapuri variety have shown best activity 
when compared to other mangoes. Maximum yield of  
16% from sindoor variety but the activity is very less. 
The sterols appeared to have same Rf  values in TLC/
HPTLC. Hence, there is requirement of  developing 
HPLC based analysis for 3 β‑taraxerol. It was found to 
be in the range of  0.4–0.9%  w/w in different variety 
mango leaves [Figure 5]. The developed method is useful 
to quantify the 3 β‑taraxerol without any interference 

Figure 5: High performance liquid chromatography chromatograms of 
different varieties of mango leaves

Table 1: Details of yield, hypocholesterolemic activity and amount of bioactive compounds in different 
varieties of mango leaves
Varieties of MeOH ext of 
Mangifera indica

Code Percentage 
yield (w/w)

IC50 (µg/ml) Mangiferin % Gallic acid % 3 β‑taraxerol %

Badami AGR/236 13.39 18.54 7.33 1.37 0.51
Totapuri AGR/237 14.8 11.57 5.81 0.32 0.95
Sindoora AGR/240 16.6 21.32 5.87 0.72 0.49
Sannabeej]ada kayi AGR/241 5.5 11.88 1.49 0.07 0.42
Valaja AGR/242 11.2 11.22 6.11 0.34 0.82
Mangiferin (standard) ‑ Not active
20% chloroform/PE frn 0.86
Iriflophenone‑3‑β‑C‑glucoside Not active

PE=Petroleum ether

of  the other compounds. However, the method 
should be validated for quality control purpose. The 
fraction XII have shown IC50 value of  8.70 µg/ml. the 
iriflophenone‑3‑β‑C‑glucoside  (compound 2) isolated 
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Figure 4: Determination of IC50 values for extract and other samples



Gururaja, et al.: Cholesterol esterase inhibitory activity of bioactives from leaves of Mangifera indica Linn.

360	 Pharmacognosy Research | October-December 2015 | Vol 7 | Issue 4

from this fraction XII didn’t show the cholesterol esterase 
inhibition activity.

3 β‑taraxerol is a sterol, having basic structure containing 
oleanan‑3‑ol lacking the methyl group at position 14, 
with α‑methyl substituent at position 13 and a double 
bond between positions 14 and 15. Phytosterols are 
naturally found in various oils from plants. These 
compete with cholesterol in the mixed micelles, needed 
for cholesterol absorption by the small intestine. As a 
result, cholesterol absorption, either from food or from 
bile salts is lowered by about 50%, leading to a lowering 
of  about 10% of  blood cholesterol level, even though an 
increase in hepatic cholesterol synthesis. This reduction 
is achieved when phytosterols are given as monotherapy, 
and also in a combination therapy along with ST.[27] 
Phytosterols and dietary fibre act as low density 
lipoprotein cholesterol lowering agents.[28] Dietary 
supplements can help to get an adequate dietary intake 
of  essential nutrients; others may help in reducing the 
risk of  disease. The standardized leaf  methanol extract 
of  M. indica for anti‑hypercholesterol could be used as 
dietary supplement to prevent hypercholesterolemia 
and the developed HPLC method may be used as a 
chromatographic fingerprint for this plant extracts or 
its formulations.

CONCLUSION

The present study demonstrated the hypocholesterol 
activity of  methanolic extract of  M. indica leaves in 
cholesterol esterase inhibition assay along with the 
isolation of  bio‑actives from their fractions. HPLC 
analysis of  3 β‑taraxerol is developed to quantify in the 
methanol extract. 3 β‑taraxerol is found to be in the range 
of  0.4–0.9%  w/w in the mango leaves. The developed 
method is useful to quantify the 3 β‑taraxerol without any 
interference of  the other compounds (specific). However, 
the method should be validated for quality control 
purpose. Iriflophenone‑3‑C‑β‑glucoside was isolated 
from fraction XII have shown IC50 value of  8.70 µg/ml. 
However, the compound isolated from this fraction didn’t 
show the cholesterol esterase inhibition activity. But, 
iriflophenone‑3‑C‑β‑glucoside is an alpha glucosidase 
inhibitor.[29] This compound is also need to be tested in 
other responding in vitro assays for better understanding 
of  mechanism of  the action of  hypocholesterol activity 
of  the fraction generated during fractionation. The leaf  
methanol extract of  M.  indica is standardized with 3 
β‑taraxerol for hypocholesterol activity using cholesterol 
esterase inhibition assay.

SUPPLEMENT INFORMATION

Figure S1: Carbon Nuclear magnetic resonance spectrum in CDCl3

Carbon nuclear magnetic resonance of 3β-taraxerol

Fourier transform infrared spectroscopy of 3β-taraxerol

Figure S2: IR spectra in KBr

Figure S3: Hydrogen nuclear magnetic resonance spectrum in CDCl3

Hydrogen nuclear magnetic resonance spectrum of 
3β-taraxerol
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Figure S6: Hydrogen nuclear magnetic resonance spectrum in 
DMSO(d6)

1H NMR of Iriflophenone-3‑β‑C‑glucoside

Mass of Iriflophenone-3-β-C-glucoside

Figure S4: mass spectra of iriflophenone-3-β-C-glucoside

Mass of 3β-taraxerol

Figure S5: Mass spectra of 3-β-taraxerol

Figure S7: Carbon nuclear magnetic resonance spectrum in DMSO(d6)

Carbon nuclear magnetic resonance of iriflophenone-
3-β-C-glucoside

REFERENCES

1.	 Expert Panel on Detection, Evaluation, and Treatment of High 
Blood Cholesterol in Adults. Executive summary of the third 
report of the national cholesterol education program  (NCEP) 
Expert panel on detection, evaluation, and treatment of high 
blood cholesterol in adults  (Adult Treatment Panel III). JAMA 
2001;285:2486‑97.

2.	 Ranjan N. Management of hyperlipidemias: An update. Indian J 
Dermatol Venereol Leprol 2009;75:452‑62.

3.	 Pisciotta  L, Bellocchio  A, Bertolini  S. Nutraceutical pill 
containing berberine versus ezetimibe on plasma lipid pattern in 
hypercholesterolemic subjects and its additive effect in patients 
with familial hypercholesterolemia on stable cholesterol‑lowering 
treatment. Lipids Health Dis 2012;11:123.

4.	 Mannarino  MR, Ministrini  S, Pirro  M. Nutraceuticals for 
the treatment of hypercholesterolemia. Eur J Intern Med 
2014;25:592‑9.

5.	 Ogier  N, Amiot  MJ, Georgé S, Maillot  M, Mallmann  C, 
Maraninchi M, et al. LDL‑cholesterol‑lowering effect of a dietary 
supplement with plant extracts in subjects with moderate 
hypercholesterolemia. Eur J Nutr 2013;52:547‑57.

6.	 Khare CP. An Encyclopedia of Medicinal plants of India. Springer: 
New Delhi; 2004. p. 151. 

7.	 Sharma PC. Database on Medicinal Plants Used in Ayurveda. 
Vol. 2. CCRAS: New Delhi; 2001. p. 8-28.

8.	 Ichiki H, Miura T, Kubo M, Ishihara E, Komatsu Y, Tanigawa K, et al. 
New antidiabetic compounds, mangiferin and its glucoside. Biol 
Pharm Bull 1998;21:1389‑90.

9.	 Luczkiewicz  P, Kokotkiewicz  A, Dampc  A, Luczkiewicz  M. 
Mangiferin: A  promising therapeutic agent for rheumatoid 
arthritis treatment. Med Hypotheses 2014;83:570‑4.

10.	 Leiro J, Arranz JA, Yáñez M, Ubeira FM, Sanmartín ML, Orallo F. 
Expression profiles of genes involved in the mouse nuclear 
factor‑kappa B signal transduction pathway are modulated by 
mangiferin. Int Immunopharmacol 2004;4:763‑78.

11.	 Dineshkumar  B, Mitra  A, Manjunatha  M. Studies on the 
anti‑diabetic and hypolipidemic potentials of mangiferin (xanthone 
glucoside) in streptozotocin‑induced type 1 and type 2 diabetic 
model rats. Int J Adv Pharm Sci 2010;1:75‑85.

12.	 Sato T, Kawamoto A, Tamura A, Tatsumi Y, Fujii T. Mechanism of 
antioxidant action of pueraria glycoside (PG)‑1 (an isoflavonoid) 
and mangiferin  (a xanthonoid). Chem Pharm Bull  (Tokyo) 
1992;40:721‑4.

13.	 Anila L, Vijayalakshmi NR. Flavonoids from Emblica officinalis 
and Mangifera indica‑effectiveness for dyslipidemia. 
J Ethnopharmacol 2002;79:81‑7.

14.	 Diego  AM, Ripoll  C, Ilic  N, Alexander  P, Cristin  A, Raskin  I. 
Inhibition of lipid metabolic enzymes using Mangifera indica 
extracts. J Food Agric Environ 2006;4:21‑6.

15.	 Hossain  MS, Ahmed  M, Islam  A. Hypolipidemic and 
hepatoprotective effects of different fractions of ethanolic extract 
of immature leaves of Mangifera indica (Linn.) in alloxan induced 
diabetic rats. Int J Pharma Sci Res 2010;1:132‑8.

16.	 Sangeetha KN, Sujatha S, Muthusamy VS, Anand S, Nithya N, 
Velmurugan  D, et  al. 3beta‑taraxerol of Mangifera indica, 
a PI3K dependent dual activator of glucose transport and 
glycogen synthesis in 3T3‑L1 adipocytes. Biochim Biophys Acta 
2010;1800:359‑66.

17.	 Severi JA, Lima ZP, Kushima H, Brito AR, Santos LC, Vilegas W, 
et  al. Polyphenols with antiulcerogenic action from aqueous 



Gururaja, et al.: Cholesterol esterase inhibitory activity of bioactives from leaves of Mangifera indica Linn.

362	 Pharmacognosy Research | October-December 2015 | Vol 7 | Issue 4

Cite this article as: Gururaja GM, Mundkinajeddu D, Dethe SM, Sangli GK, 
Abhilash K, Agarwal A. Cholesterol esterase inhibitory activity of bioactives 
from leaves of Mangifera indica L. Phcog Res 2015;7:355-62.

Source of Support: The authors thank the National Medicinal Plants Board, 
(New Delhi) for financial support,, Conflict of Interest: None declared.

decoction of mango leaves  (Mangifera indica L.). Molecules 
2009;14:1098‑110.

18.	 John S, Thangapandian S, Lazar P, Son M, Park C, Lee KW. New 
insights in the activation of human cholesterol esterase to design 
potent anti‑cholesterol drugs. Mol Divers 2014;18:119‑31.

19.	 Pietsch  M, Gutschow  M. Alternate substrate inhibition of 
cholesterol esterase by thieno [2,3‑d] [1,3] oxazin‑4‑ones. J Biol 
Chem 2002;277:24006‑13.

20.	 Krause BR, Sliskovic DR, Anderson M, Homan R. Lipid‑lowering 
effects of WAY‑121,898, an inhibitor of pancreatic cholesteryl 
ester hydrolase. Lipids 1998;33:489‑98.

21.	 Bailey  JM, Gallo  LL, Gillespie  J. Inhibition of dietary 
cholesterol ester absorption by 3‑BCP, a suicide inhibitor of 
cholesterol‑esterase. Biochem Soc Trans 1995;23:408S.

22.	 Jeon SM, Kim HS, Lee TG, Ryu SH, Suh PG, Byun SJ, et al. 
Lower absorption of cholesteryl oleate in rats supplemented with 
Areca catechu L. extract. Ann Nutr Metab 2000;44:170‑6.

23.	 Shah  AK, Patel  BM, Shah  SS, Chauhan  NK, Parmar  KP, 
Patel  MN. Antihyperlipidemic activity of Mangifera indica l. 
leaf extract on rats fed with high cholesterol diet. Pharm Sin 
2010;1:156‑61.

24.	 Muruganandan  S, Srinivasan  K, Gupta  S, Gupta  PK, Lal  J. 
Effect of mangiferin on hyperglycemia and atherogenicity in 

streptozotocin diabetic rats. J Ethnopharmacol 2005;97:497‑501.
25.	 Miura T, Iwamoto N, Kato M, Ichiki H, Kubo M, Komatsu Y, et al. 

The suppressive effect of mangiferin with exercise on blood 
lipids in type 2 diabetes. Biol Pharm Bull 2001;24:1091‑2.

26.	 Muruganandan  S, Gupta  S, Kataria  M, Lal  J, Gupta  PK. 
Mangiferin protects the streptozotocin‑induced oxidative damage 
to cardiac and renal tissues in rats. Toxicology 2002;176:165‑73.

27.	 Bitzur R, Cohen H, Kamari Y, Harats D. Phytosterols: Another way 
to reduce LDL cholesterol levels. Harefuah 2013;152:729‑31, 51.

28.	 Castellanos‑Jankiewicz  A, Del Bosque‑Plata  L, Tejero  ME. 
Combined effect of plant sterols and dietary fiber for the 
treatment of hypercholesterolemia. Plant Foods Hum Nutr 
2014;69:93‑100.

29.	 Feng  J, Yang  XW, Wang  RF. Bio‑assay guided isolation and 
identification of α‑glucosidase inhibitors from the leaves of 
Aquilaria sinensis. Phytochemistry 2011;72:242‑7.


