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Abstract

The lipase inhibitory action of Carica papaya, Chrysophyllum cainito, Corcorus olitorius,
Cymbopogon citrates and Syzygium cumini were evaluated to explore for the presence of
anti-obesity compounds and their potential weight-lowering activity. Enzyme inhibition
results of the alcoholic extracts of the five plants showed that C. cainito has the highest

percent inhibition at 74.91% while S. cumini, C. citratus, C. olitorius and C. papaya

Keywords:
Obesity,

Plant extracts,
Weight-lowering

obtained less than 50% average inhibition. C. cainito was partitioned using hexane and
ethyl acetate to further concentrate the bioactive compounds. The lipase inhibition assay of
hexane and ethyl acetate extracts showed 92.11% inhibition and 21.9% inhibition,

respectively. The greater activity in the former may imply that majority of potential anti-
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lipase constituents are found in the hexane portion.

1. Introduction

According to the 2014 data of the World Health
Organization, more than 1.9 billion adults are overweight
and 600 M of which are obese (WHO, 2016). Obesity
has been considered as a global epidemic that needs
immediate prevention and control (Brug and Crawford,
2009). It results from an imbalance between energy
intake and energy expenditure (Abete et al., 2010). The
imbalance leads to an abnormal weight gain and
increases the risk for chronic illnesses including
cardiovascular diseases (Lavie et al., 2016), cancer
(Noureddin and Rinella, 2015) and diabetes (Genser et
al., 2016).

Despite the growing awareness of the importance of
active lifestyle and healthy diet, obesity is still
widespread and is now a common health problem (Lim
et al., 2012). Although physical activity and lifestyle
change are crucial for reducing body weight and
elevating average daily metabolic rate, these approaches
do not offer long-term effects. It is ideal to combine
these approaches with inhibitors of fat absorption (Garza
et al., 2011). The most commonly marketed weight loss
agent is Orlistat, an irreversible inhibitor of gastric and
pancreatic lipase, which is the key enzyme for dietary
triacylglycerol digestion (Kaila and Raman, 2008). By
inhibiting these lipases, systemic fat absorption can be
significantly reduced.
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Pharmaceutical drugs such as Orlistat
moderately reduce fat absorption, but side effects like
steatorrhea, oily stools, diarrhea, cholelithiasis, and
incontinence render them as undesirable means of weight
management (Flippatos et al., 2008). Several researchers
have focused on screening plant extracts for potential
lipase inhibition activities since medicinal plants have
been used as dietary supplements for weight control (Lee
et al., 2015; Seo et al., 2015; Belfeki et al., 2016; Chien
et al.,2016; Glisan et al., 2017).

may

Since food is the major source of unwanted calories,

this study focuses on plants used for human
consumption. Syzygium  cumini  (black plum),
Chrysophyllum  cainito  (star apple), Cymbopogon

citratus (lemon grass), Corchorus olitorius (bush okra)
and Carica papaya (papaya) were evaluated for their
potential to inhibit lipase activity. These plants were
chosen due to their abundance, availability, and ease of
access in the local setting.

There is limited literature on lipase inhibition
activities of the aforementioned plants. However, plants
from the same family and genus have been previously
studied. Ado et al. (2013) pointed out that the methanol
leaf extract of Syzygium malaccense can inhibit up to
99% of pancreatic lipase activity, while Psidium guajava
from the same family Myrtaceae can inhibit lipase up to
85.6%. Another species of the Chrysophyllum genus
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namely Chrysophyllum roxburghii showed significant
dose-dependent activity against lipase (Prashith et al.,
2013). Some members of Poaceae family, where C.
citratus belongs, were also found to have lipase
inhibitors (Sharma et al., 2005). Using 80% methanol
solvent, Setaria italica extracts exhibited 80.3% lipase
inhibition at 0.2 mg/mL solution concentration. Extracts
of Eriochloa villosa showed 83% inhibition of lipase
activity. Hibiscus sabdariffa (Malvaceae) also showed
moderate anti-lipase activity at 60.9% (Ado et al., 2013).
Abroma augusta from Malvaceae family gave 88.6%
inhibition at 100 mg/mL. The activity of plant was also
concentration-dependent (Gupta et al., 2012). In this
work, the lipase inhibitory activities of S. cumini, C.
cainito, C. citratus, C. olitorius and C. papaya have
been evaluated.

2. Materials and methods
2.1 Collection of samples

S. cumini, C. cainito, C.citratus and C. papaya
leaves were collected from the University of the
Philippines Diliman campus and submitted to the Jose
Vera Memorial Herbarium, Institute of Biology,
University of the Philippines-Diliman for authentication
and verification. C. olitorius leaves were purchased at
Regalado Wet Market and also submitted to the
herbarium for authentication and verification. The
voucher specimen number for S. cumini is 9469, for C.
cainito 1s 019337 , for C. citratus 14618, for C. papaya
21403 and for C. olitorius 9398.

2.2 Crude extraction and solvent partitioning

The leaves were washed and air-dried. Grinding and
homogenization of samples were done using a kitchen
blender. Methanol, hexane, and ethyl acetate solvents
used were singly distilled prior to use. Ground samples
were soaked in methanol. The methanol solvent was later
filtered out and concentrated in vacuo using a rotary
evaporator at 40°C.

The concentrate with the highest inhibition activity
was partitioned using hexane and ethyl acetate. The
methanol extract re-dissolved for
partitioning with hexane followed by ethyl acetate.
Approximately 10 g of the methanol extract was
dissolved in 100 mL distilled water and 600 mL hexane.
The mixture was allowed to settle until a distinct
separation between the organic and aqueous layer was

was in water

obtained. The organic layer was collected and
concentrated in vacuo using a rotary evaporator at 40°C.
The process was repeated two more times. A similar
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process was done for the partitioning with ethyl acetate.
2.3 Lipase inhibition assay

Lipase inhibition assay was adapted from Kim et al.
(2007). 3-morpholinopropane-1-sulfonic acid (MOPS)-
ethylenediaminetetraacetic acid (EDTA), porcine
pancreatic lipase solution, Tris-HCI buffer, p-nitrophenyl
butyrate (p-NPB) substrate solution were freshly
prepared. Lipase from porcine pancreas (Sigma L3126)
was used. Orlistat served as the positive control. Samples
were placed on a 96 well-quartz microplate. The total
reaction volume inside one well is 200 mL. Fifteen mL
each of lipase and p-NPB were placed in each well. For
the uninhibited reaction, 170 mL of buffer was added.
For the positive control, 150 mL of the buffer was added
with 20 mL of Orlistat prepared from 1 mg of Orlistat in
1 mL of DMSO. For the sample reaction, 150 mL of
buffer was used with 20 mL of plant extract prepared
from 1 mg of extract dissolved in 3% DMSO solution.

The reaction was monitored using a Multiskan™ GO
UV/Vis Microplate Spectrophotometer. The samples
were then incubated at 37°C for 10 min to allow
interaction of samples with the enzyme. After
incubation, the p-NPB substrate was added to the
samples. Solutions were shaken for 15 seconds and
scanned at 405 nm for 40 times at 30-second intervals.
For each extract, 2 trials were performed with 2
replicates per trial.

Percent inhibition was calculated using the equation

C
‘Uninhibited || E

o [y, a
% Inhibition = 100—@ S‘””’% %100

where Agmpeis the activity of the solution with
inhibitor and Ayninnivieea 1S the activity of the solution
without the inhibitor.

3. Results and discussion

The methanol extracts of the samples were obtained
and the percent yields are shown in Figure 1 with the
percent inhibitory activities of the samples against
pancreatic lipase. C. cainito had the highest activity at
74.91% while C. olitorius had the lowest anti-lipase
activity 37.33%. The plants that were frequently studied
for their possible anti-obesity effects were C. olitorius,
C. papaya and C. cainito; however, the first two plants
exhibited moderate activity (<50% inhibition). It is
possible that the anti-obesity mechanism of C. olitorius
and C. papaya is different from the inhibition of the
pancreatic lipase enzyme. C. olitorius contains the
flavonol glycoside Q3MG which is responsible for the
antioxidant activities that subdue increase in body
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adiposity, reduces plasma and hepatic lipid levels and
triggers lipid catabolism in the liver (Wang et al., 2011).
These effects are attained via alteration of the gene
expression of specific enzymes that are linked to lipid
and glucose metabolism (Honda et al., 2009).
Suppression of NADPH oxidase expression and
enhancement of b-oxidation are claimed to be one of the
targets of polyphenolic compounds with regards to
obesity control (Dévalos ef al., 2009).
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Figure 1. Percent yield of methanol extracts and their
corresponding lipase inhibitory activity

C. papaya has constituents that follow the same anti-
obesity mechanism as C. olitorius extracts. Studies
showed regulation in total cholesterol, triglycerides,
phospholipids and free fatty acid in manifested in high-
diet fed mice (Manjula et al. 2014). Athesh et al. (2012)
suggested that the substantial reduction of total
cholesterol is by inhibition of 3-hydroxy-3-
methylglutaryl coenzyme A reductase which limits
cholesterol biosynthesis. In addition, increase in
endothelium-bound lipoprotein lipase may have caused
the decrease in total triglyceride count. Heightened
activity of lipoprotein lipase can then lead to activation
of b-oxidation in the liver, along with the decline in gene
expression for fatty acid synthesis (Athesh ef al., 2012).

C. cainito methanol extract was further partitioned
using hexane and ethyl acetate and the inhibitory activity
are shown in Figure 2. The hexane extract showed high
inhibitory activity at 92.11% while the ethyl acetate
extract is lower (21.93%) than the methanol extract
(74.91%). Results suggest that the pancreatic lipase
inhibitory agents were concentrated in the hexane
extract. Phytochemical screening of C. cainito leaves
showed the presence of alkaloids, flavonoids and sterols
(N’guessan et al., 2009). The triterpenoids ursolic acid,
b-sitosterol and lupeol were isolated from the leaves,
along with the phenolic compound gallic acid (Shailajan
and Gurjar, 2014). Flavonoids and alkaloids have been
previously shown to inhibit lipase activity (Ruiz et al.,
20006).
were found to competitively inhibit pancreatic lipase

Cyclic di-terpenoids from Calotropis procera

eISSN: 2550-2166

(Patil et al., 2015). It is possible that the C. cainito
extracts contain similar secondary metabolites that affect
the pancreatic lipase activity.

Future in vivo studies will be carried out to further
explore the potential of C. cainito as dietary supplements
or consumed for weight management. Current efforts
include the isolation and identification of compounds
responsible for the lipase inhibitory activity.
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Figure 2. Lipase inhibitory activity of methanol, hexane and
ethyl acetate extracts of C. cainito

Conflict of Interest

The authors declare no conflict of interest.

Acknowledgments

This partially funded by the
Department of Science and Technology through the
Philippine  Council for Health Research and
Development.

research was

References

Abete, 1., Astrup, A., Martnez, J.A., Thorsdottir, I. and
Zulet, M. (2010). Obesity and the metabolic

syndrome: role of different dietary macronutrient
distribution patterns and specific nutritional
components on weight loss and maintenance.

Nutrition Reviews, 68(4), 214-231.

Ado, M., Abas, F. and Abdulkarim, S. (2013). Anti- and
Pro-Lipase Activity of Selected Medicinal, Herbal
and Aquatic Plants, and Structure Elucidation of an
Anti-Lipase Compound. Molecules, 18(12), 14651-
14669.

Athesh, K., Karthiga, D. and Brindha, P. (2012). Anti-
obesity Effect of Aqueous Fruit Extract of Carica
papaya L. In Rats Fed on High-Fat Cafeteria Diet.
International ~ Journal  of  Pharmacy
Pharmaceutical Sciences, 4, 327-330.

and

© 2017 The Authors. Published by Rynnye Lyan Resources



54 Briones and Chichioco-Hernandez / Food Research 2 (1) (2018) 51 - 55

Belfeki, H., Mejri, M. and Hassouna, M. (2016).
Antioxidant and anti-lipases activities in vitro of
Mentha viridis and Eucalyptus globulus extracts.
Industrial Crops and Products, 89, 514-521.

Brug, J. and Crawford, D. (2009). The obesity
pandemic. Is it bad or worse? The European Journal
of Public Health, 19(6), 570-571.

Chien, M.Y., Ku, Y.H., Chang, J.M., Yang, C.M. and
Chen, C.H. (2016). Effects of herbal mixture
extracts on obesity in rats fed a high-fat diet. Journal
of Food and Drug Analysis, 24(3), 594-601.

Davalos, A., de la Pefia, G., Sanchez-Martin, C.C.,
Teresa Guerra, M., Bartolomé, B. and Lasuncion,
M.A. (2009). Effects of Red Grape Juice
Polyphenols in NADPH Oxidase Subunit Expression
in Human Neutrophils and Mononuclear Blood
Cells. The British Journal of Nutrition, 102(8), 1125-
1135.

Flippatos, T.D., Dermedezis, C.S., Gazi, L.F., Nakou,
E.S., Mikhailidis, D.P. and Elisaf, M.S. (2008).
Orlistat-associated adverse effects and drug
interactions: a critical review. Drug Safety, 31(1),
53-65.

Garza, A.L., Milagro, F.I., Boque, N., Campién J. and
Martinez J.A. (2011). Natural Inhibitors of
Pancreatic Lipase as New Players in Obesity
Treatment. Planta Medica, 77(8), 773-85.

Genser, L., Mariolo, J.R.C., Castagneto-Gissey, L.,
Panagiotopoulus, S. and Rubino, F. (2016). Obesity,
type 2 diabetes and the metabolic syndrome:
pathophysiologic relationships and guidelines for
surgical intervention.  Surgical Clinics of North
America, 96(4), 681-701.

Glisan, S.L., Grove, K.A., Yennawar, N.H. and Lambert,
J.D. (2017). Inhibition of pancreatic lipase by black
tea theaflavins: comparative etymology and in silico
modeling studies. Food Chemistry, 216, 296-300.

Gupta, N., Ganeshpurkar, A., Jatav, N., Bansal, D. and
Dubey, N. (2012). In vitro Prevention of Chick
Pancreatic Lipase Activity by Abroma augusta
Extract. Asian  Pacific
Biomedicine ST12-S715.

Honda, S., Aoki, F., Tanaka, H., Kishida, H., Nishiyama,
T., Okada, S., Matsumoto, 1., Abe, K. and Mae, T.
(2006). Effects of Ingested Turmeric Oleoresin on
Glucose and Lipid Metabolisms in Obese Diabetic
Mice: A DNA Microarray Study. Journal of
Agricultural and Food Chemistry, 54(24), 9055—
9062.

Kaila, B. and Raman, M. (2008). Obesity: a review of

Journal of Tropical

eISSN: 2550-2166

pathogenesis and management strategies. Canadian
Journal of Gastroenterology, 22(1), 61-68.

Kim, J.H., Park, HW., Youn, S.H., Choi, D.Y. and Shin,
C.S. (2007). Development of Inhibitors Against
Lipase and a-glucosidase from Derivatives of
Monascus Pigment. FEMS Microbiology Letters,
276(1), 93-98.

Lavie, C.J., De Schutter, A., Parto, P., Jahangir, E.,
Kokkinos, P., Ortega, F.B., Arena, R. and Milani,
R.V. (2016). Obesity and prevalence of
cardiovascular diseases and prognosis — the obesity
paradox updated.  Progress in Cardiovascular
Diseases, 58(5), 537-547.

Lee, D., Lee, Y., Choi, B., Lee, H., Park, S., Kim, T.,
Oh, H., Yang, S. and Suh, J. (2015). Roots extracts
of Adenophora triphylla var. japonica improve
obesity in 3T3-L1 adipocytes and high-fat diet-
induced obese mice. Asian Pacific Journal of
Tropical Medicine, 8(11), 898-906.

Lim, S.S., Vos, T., Flaxman, A.D., Danaei, G., Shibuya,
K., Adair-Rohani, H., Amann, M., Anderson,
H.R., Andrews, K.G., Aryee, M., Atkinson,
C., Bacchus, L.J., Bahalim, A.N., Balakrishnan,
K., Balmes, J., Barker-Collo, S., Baxter, A., Bell,
M.L., Blore, J.D., Blyth, F., Bonner, C., Borges,
G., Bourne, R., Boussinesq, M., Brauer, M., Brooks,
P., Bruce, N.G., Brunekreef, B., Bryan-Hancock,
C., Bucello, C., Buchbinder, R., Bull, F., Burnett,
R.T., Byers, T.E., Calabria, B., Carapetis,
J., Carnahan, E., Chafe, Z., Charlson, F.,Chen,
H., Chen, J.S., Cheng, A.T., Child, J.C., Cohen,
A., Colson, K.E., Cowie, B.C., Darby, S., Darling,
S., Davis, A., Degenhardt, L., Dentener, F., Des
Jarlais, D.C., Devries, K.,Dherani, M., Ding,
E.L., Dorsey, E.R., Driscoll, T., Edmond, K., Ali,
S.E., Engell, R.E., Erwin, P.J., Fahimi, S., Falder,

G., Farzadfar, F., Ferrari, A., Finucane,
M.M., Flaxman, S.,Fowkes, F.G., Freedman,
G., Freeman, M.K., Gakidou, E., Ghosh,
S., Giovannucci, E., Gmel, G., Graham,

K., Grainger, R., Grant, B., Gunnell, D., Gutierrez,
H.R., Hall, W., Hoek, H.W., Hogan, A., Hosgood,
H.D_3rd, Hoy, D., Hu, H., Hubbell, B.J., Hutchings,
S.J., Ibeanusi, S.E., Jacklyn, G.L., Jasrasaria,
R., Jonas, J.B., Kan, H., Kanis, J.A., Kassebaum,
N., Kawakami, N., Khang, Y.H., Khatibzadeh,
S., Khoo, J.P., Kok, C., Laden, F., Lalloo, R., Lan,
Q., Lathlean, T., Leasher, J.L., Leigh, J., Li, Y., Lin,
J.K., Lipshultz, S.E., London, S,, Lozano, R., Lu,
Y., Mak, J., Malekzadeh, R., Mallinger,
L., Marcenes, W., March, L., Marks, R., Martin,

© 2017 The Authors. Published by Rynnye Lyan Resources


https://www.ncbi.nlm.nih.gov/pubmed/?term=Danaei%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shibuya%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shibuya%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adair-Rohani%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amann%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anderson%20HR%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anderson%20HR%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andrews%20KG%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aryee%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Atkinson%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Atkinson%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bacchus%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bahalim%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Balakrishnan%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Balakrishnan%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Balmes%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barker-Collo%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baxter%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bell%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bell%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blore%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blyth%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bonner%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Borges%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Borges%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bourne%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boussinesq%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brauer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brooks%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brooks%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bruce%20NG%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brunekreef%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bryan-Hancock%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bryan-Hancock%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bucello%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Buchbinder%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bull%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Burnett%20RT%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Burnett%20RT%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Byers%20TE%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Calabria%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carapetis%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carapetis%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carnahan%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chafe%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Charlson%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cheng%20AT%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Child%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cohen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cohen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Colson%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cowie%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Darby%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Darling%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Darling%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Davis%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Degenhardt%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dentener%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Des%20Jarlais%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Des%20Jarlais%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Devries%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dherani%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ding%20EL%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ding%20EL%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dorsey%20ER%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Driscoll%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Edmond%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ali%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ali%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Engell%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Erwin%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fahimi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Falder%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Falder%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Farzadfar%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrari%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Finucane%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Finucane%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Flaxman%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fowkes%20FG%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Freedman%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Freedman%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Freeman%20MK%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gakidou%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghosh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghosh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Giovannucci%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gmel%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Graham%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Graham%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grainger%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grant%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gunnell%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gutierrez%20HR%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gutierrez%20HR%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hall%20W%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hoek%20HW%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hogan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hosgood%20HD%203rd%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hosgood%20HD%203rd%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hoy%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hubbell%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hutchings%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hutchings%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ibeanusi%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jacklyn%20GL%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jasrasaria%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jasrasaria%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jonas%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kan%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kanis%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kassebaum%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kassebaum%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kawakami%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khang%20YH%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khatibzadeh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khatibzadeh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khoo%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kok%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Laden%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lalloo%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lan%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lan%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lathlean%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leasher%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leigh%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lipshultz%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=London%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lozano%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mak%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Malekzadeh%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mallinger%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mallinger%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marcenes%20W%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=March%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marks%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martin%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23245609

Briones and Chichioco-Hernandez / Food Research 2(1) (2018) 51 - 55 55

R., McGale, P., McGrath, J., Mehta, S., Mensah,
G.A., Merriman, T.R.,, Micha, R., Michaud,
C., Mishra, V., Mohd Hanafiah, K., Mokdad,
A.A., Morawska, L., Mozaffarian, D., Murphy,
T., Naghavi, M., Neal, B., Nelson, P.K., Nolla,
J.M., Norman, R., Olives, C., Omer, S.B., Orchard,
J., Osborne, R., Ostro, B., Page, A., Pandey,
K.D., Parry, C.D., Passmore, E., Patra, J., Pearce,
N., Pelizzari, P.M., Petzold, M.,Phillips, M.R., Pope,
D., Pope, C.A. 3rd, Powles, J., Rao, M., Razavi,
H., Rehfuess, E.A., Rehm, J.T., Ritz, B., Rivara,
F.P., Roberts, T., Robinson, C., Rodriguez-Portales,
J.A., Romieu, 1., Room, R., Rosenfeld, L.C., Roy,
A., Rushton, L. Salomon, J.A., Sampson,
U., Sanchez-Riera, L., Sanman, E., Sapkota,
A., Seedat, S., Shi, P., Shield, K., Shivakoti,
R., Singh, G.M., Sleet, D.A., Smith, E., Smith,
K.R., Stapelberg, N.J., Steenland, K., Stockl,
H., Stovner, L.J., Straif, K., Straney, L., Thurston,
G.D., Tran, J.H., Van Dingenen, R., Van Donkelaar,
A., Veerman, J.L., Vijayakumar, L., Weintraub,
R., Weissman, M.M., White, R.A., Whiteford,
H., Wiersma, S.T., Wilkinson, J.D., Williams, H.C.,
Williams, W., Wilson, N., Woolf, A.D., Yip,
P., Zielinski, JM., Lopez, A.D., Murray,
C.J., Ezzati, M., AlMazroa, M.A. and Memish, Z.A.
(2012). A comparative risk assessment of burden of
disease and injury attributable to 67 risk factors and
risk factor clusters in 21 regions, 1990-2010: a
systematic analysis for the Global Burden of Disease
study 2010. Lancet, 380(9859), 2224-2260.

Manjula, J. Mangilal, T., Kishore, R.N., Anjaneyulu, N.,
Ganesh, M.N., Abhinayani, G. and Sravya, N.(2014).
Investigation of Anti-obesity Activity of alcoholic
Extract of Roots of Carica papaya on Obesity-
Induced Animal Model. World Journal of Pharmacy
and Pharmaceutical Sciences, 3(9), 295-301.

N’guessan, K., Amoikon, K.E., Tiébré, M.S., Kadja, B.
and Zirihi, G.N. (2009). Effect of Aqueous Extract
of Chrysophyllum cainito Leaves on The Glycaemia
Of Diabetic Rabbits. African Journal of Pharmacy
and Pharmacology 3, 501-506.

Noureddin, M. and Rinella, M.E. (2015). Nonalcoholic
fatty disecase, diabetes, obesity and
hepatocellular carcinoma. Clinical Liver Disease, 19
(2),361-379.

Prashith, T.R., Raghavendra, H.L., Mallikarju, N,
Swathi, D., Suchitha Y., Anil Kumar, H.S. and
Vinayaka, K.S. (2014). Elemental Analysis and
Biological Activities of Chrysophyllum roxburghii
G. Don (Sapotaceae) Leaves. Science Technology

liver

eISSN: 2550-2166

and Arts Research Journal, 3(1), 14-20.

Ruiz, C., Falcocchio, S., Xoxi, E., Villo, L., Nicolosi, G.,
Javier Pastor, F.I., Diaz, P. and Saso, L. (20006).
Inhibition of Candida rugosa lipase by saponins,

flavonoids and alkaloids. Journal of Molecular
Catalysis B: Enzymatic, 40(3-4), 138-143.

Patil, S.G., Patil, M.P., Maheshwari, V.L. and Patil, R.H.
(2015). In vitro lipase inhibitory effect and kinetic
properties of di-terpenoid fraction from Calotropic
procera (Aiton). Biocatalysis and Agricultural
Biotechnology, 4(4), 579-585.

Seo, C.R., Yi, B., Oh, S., Kwon, S., Kim, S., Song, N.,
Cho, 1.Y., Park, K., Ahn, J., Hong, J., Kim, M., Lee,
J. and Park, K.W. (2015). Aqueous extracts of
hulled barley containing coumaric acid and ferulic
acid inhibit adipogenesis in vifro and obesity in vivo.
Journal of Functional Foods, 12, 208-218.

Shailajan, S. and Gurjar, D. (2014). Pharmacognostic
and Phytochemical Evaluation of Chrysophyllum
cainito Linn. Leaves. International Journal of
Pharmaceutical Sciences Review and Research, 17,
106-111.

Sharma, N., Vinay, K. and Sung-Yum, S. (2005).
Screening of some medicinal plants for anti-lipase
activity. Journal of Ethnopharmacology, 97(3), 453-
456.

Wang, L., Yamasaki, M., Katsube, T. Sun, X,
Yamasaki, Y. and Shiwaku, K. (2011). Antiobesity
Effect of Polyphenolic Compounds from
Molokheiya (Corchorus olitorius L.) Leaves in LDL
Receptor-deficient Mice. European Journal of
Nutrition, 50(2), 127-133.

World Health Organization (June 2016). Obesity and
overweight. Retrieved on September 28, 2016 from
WHO  website:
factsheets/fs311/en/

http://www.who.int/mediacentre/

© 2017 The Authors. Published by Rynnye Lyan Resources


https://www.ncbi.nlm.nih.gov/pubmed/?term=Martin%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=McGale%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=McGrath%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mehta%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mensah%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mensah%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Merriman%20TR%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Micha%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Michaud%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Michaud%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mishra%20V%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mohd%20Hanafiah%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mokdad%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mokdad%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morawska%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mozaffarian%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murphy%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murphy%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Naghavi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Neal%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nelson%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nolla%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nolla%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Norman%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Olives%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Omer%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Orchard%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Orchard%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Osborne%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ostro%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Page%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pandey%20KD%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pandey%20KD%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parry%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Passmore%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patra%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pearce%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pearce%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pelizzari%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Petzold%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Phillips%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pope%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pope%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pope%20CA%203rd%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Powles%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rao%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Razavi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Razavi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rehfuess%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rehm%20JT%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ritz%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rivara%20FP%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rivara%20FP%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roberts%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Robinson%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodriguez-Portales%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodriguez-Portales%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Romieu%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Room%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosenfeld%20LC%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roy%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roy%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rushton%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salomon%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sampson%20U%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sampson%20U%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sanchez-Riera%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sanman%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sapkota%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sapkota%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seedat%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shi%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shield%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shivakoti%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shivakoti%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sleet%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20KR%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20KR%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stapelberg%20NJ%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Steenland%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=St%C3%B6ckl%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=St%C3%B6ckl%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stovner%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Straif%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Straney%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thurston%20GD%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thurston%20GD%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tran%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Dingenen%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Donkelaar%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Donkelaar%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Veerman%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vijayakumar%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weintraub%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weintraub%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weissman%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=White%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Whiteford%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Whiteford%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wiersma%20ST%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wilkinson%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Williams%20HC%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Williams%20W%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wilson%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Woolf%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yip%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yip%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zielinski%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lopez%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murray%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murray%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ezzati%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=AlMazroa%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Memish%20ZA%5BAuthor%5D&cauthor=true&cauthor_uid=23245609
http://www.who.int/mediacentre/factsheets/fs311/en/
http://www.who.int/mediacentre/factsheets/fs311/en/

