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ABSTRACT 

Obesity and its related disorders have become a major concern across the world. However, there are only few medications for treating obesity. 
Reducing the fat absorption through the inhibition of pancreatic lipase has become most favorable strategy for treating obesity since pancreatic 
lipase is a safe target and its inhibition does not alter the central pathways. However, the only available pancreatic lipase inhibitor for the treatment 
of obesity is orlistat and it is derived from lipstatin which is produced by a microbe, Streptomyces toxytricini. Many pancreatic lipase inhibitors are 
reported from the plant sources and they can be classified in to saponins, phenols, terpenes, glycosides, alkaloids, carotenoids and polysaccharides. 
Plant pancreatic lipase inhibitors are reported to show the antiobesity effects in the animal models. However, there is no plant inhibitor in the 
clinical use. This review describes the different lipase inhibitors from plant sources and their effects on the obesity and its related parameters. 
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INTRODUCTION 

Obesity is becoming a major concern even in the developing 
countries due to the improved economic conditions and it is not 
confined to the developed world. Hence, studies focusing on the 
regulation of body weight are getting more attention and there is a 
vital scope for the drugs that control the obesity. Obesity is primarily 
related to the lipid metabolism and the enzymes involved with this 
metabolism can be selectively targeted for developing anti obesity 
drugs. Lipases (E. C. 3.1.1.3) are the enzymes that catalyze the 
hydrolysis of triacylglycerols (TAGs) to glycerol & fatty acids (FAs) 
and these enzymes play an important role in the metabolism of 
lipids. Recent approaches for the treatment of obesity focused on the 
inhibition of dietary triglyceride absorption via pancreatic lipase 
inhibition. Lipase inhibitors will also be helpful in treating 
atherosclerosis. 

Despite various studies on the obesity there are only few drugs 
approved for the treatment of obesity and they are orlistat, 
sibutramine, lorcaserin and remonabant [1-4]. Orlistat is a 
tetrahydrolipstatin and it was shown to inhibit the activity of 
lipases, gastric lipase, pancreatic lipase and cholesterol ester 
hydrolase [5, 6]. Orlistat will be derived from the lipstatin 
(obtained from Streptomyces

Different plants have been screened for the lipase inhibitors in a 
thrust for the search of bioactive anti obesity molecules from the 
natural resources. The lipase inhibitors from the plants can be 
grouped in to the following classes based on their chemical 
structures. They are saponins, phenols, terpenes, glycosides, 
alkaloids, carotenoids and polysaccharides.  

Saponins 

Rhizomes and roots of different plants contain these compounds. 
They are comprised of steroid or triterpene and sugar. There are 
various saponins that inhibit pancreatic lipase. Saponins isolated 
from the roots of Platycodin grandiflorum were shown to inhibit 
pancreatic lipase and have anti obesity effect [12, 13]. Platycodin D 
inhibited the lipase inhibitor in a competitive manner with K

 toxytricini) by hydrogenation and it 
reduces the intestinal fat absorption by inhibiting pancreatic 
lipase. Hence, it is available as anti obesity drug [7, 8]. Whereas 
other approved anti obesity drugs act through central pathways. 
The problem with the approved anti obesity drugs is their 
hazardous side-effects like blood pressure, dry mouth, 
gastrointestinal problems, headache, insomnia, acute kidney 
injury and oxalate nephropathy [9-11]. Hence, demand has been 
increasing for the molecules that have no or reduced side effects. 
In this context, compounds from the natural sources are 
promising. Currently, the natural products for the treatment of 
obesity are not explored to the complete extent and they could 
become promising alternatives for the development of safe anti 
obesity drugs. The present review covers the different lipase 
inhibitors from plant sources and their medical applications. 

Plant sources and types of lipase inhibitors 

i  of 
0.18±0.03 mM. Chikusetsusaponin III, IV, 28-deglucosyl-
chikusetsusaponin IV and V isolated from Panax japonicas were 
reported to inhibit the pancreatic lipase activity [14]. This plant was 
used for treating hyperlipidemia, hypertension, arteriosclerosis and 
diabetes mellitus in the folk medicine of Japan and China. In another 
study saponins, ginsenosides Rb1, Rb2, Rc and Rd isolated from 
Panax quinquefolium inhibited the pancreatic lipase [15]. Ginseng 
saponin isolated from Panax ginseng inhibited the pancreatic lipase 
activity with an apparent IC50 value of 500 ug/ml [16]. Lupane kind 
of saponins, sessiloside and chiisanoside were isolated from the 
leaves of Accanthopanax sessiliflorus [17]. Both compounds inhibited 
the lipase activity in a dose dependent manner and sessiloside (0.36 
mg/ml) showed better IC50value compared to that of chiisanoside 
(0.75 mg/ml). About 16 triterpenoid saponins were reported from 
Acanthopanax senticosus. Among the isolated molecules, copteroside 
B, hederagenin 3-O-b-D-glucuronopyranoside 6-O-methyl ester, 
silphioside F and gypsogenin 3-O-b-D-glucuronopyranoside 
inhibited the pancreatic lipase with the IC50

Dioscin, diosgenin, prosapogenin A, C and gracillin isolated from 
Dioscorea nipponica showed the lipase inhibition activity with the 
IC

 values of 0.25, 0.26, 0.22 
and 0.29 mM respectively [18].  

50 values of 20, 28, 1.8, 42.2, and 28.9 μg/ml, respectively [19]. 
Scabiosaponins, a kind of triterpenoid saponins isolated from 
Scabiosa tschiliensis showed strong inhibitory activity on pancreatic 
lipase. They are scabiosaponin E, scabiosaponin F, scabiosaponin G, 
scabiosaponin I, hookeroside A, hookeroside B and prosapogenin 1b. 
Among these scabiosaponins prosapogenin 1b showed the best 
inhibitory activity on pancreatic lipase [20]. Another kind of 
saponins, escins was reported from Aesculus spp. These compounds 
are triterpene oligoglycosides and they were found to inhibit the 
pancreatic lipase. Escins Ia and IIa that contain trigloyl moieties 
were reported to be less potent than the escins Ib and IIb that 
contain angeloyl moieties [21]. Dammarane kind of triterpene 
saponins, cyclocariosides (A, II and III) were isolated from 
Cyclocarea paliurus. Cyclocariosides were attributed to be 
responsible for the pancreatic lipase inhibitory activity of C. paliurus 
extract [22]. Tea saponins (E1 and E2) were reported to inhibit the 
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pancreatic lipase activity in a competitive manner [3, 23]. Three 
acylated oleanane type triterpene oligoglycosides, chakasaponins I, 
II and III isolated from Camellia sinensis (Chinese tea plant) could 
able to inhibit the porcine pancreatic lipase [24]. Gypsosaponins A-C, 
new triterpenoid saponins purified from Gypsophila oldhamiana 
reported to show pancreatic lipase inhibition activity and they 
inhibited 58.2%, 99.2% and 50.3% of the activity respectively at the 
concentration of 1 mg/ml [25]. Three triterpene saponins and one 
monoterpene oligoglycoside that inhibit the lipase activity was 
reported from Ilex paraguariensis [26]. Saponins, rarasaponins I, II 
and raraoside A isolated from Sapindus rarak showed the IC50 values 
of 131,172 and 151 μM respectively on the pancreatic lipase and 
they were more potent than the saponin E1 (IC50 =270 μM) [27].  

Terpenes 

This class of natural compounds consists of 5 carbon isoprene units. 
Majority of the terpenoids have multi cyclic structures and they 
differ from each other by their basic carbon skeleton and functional 
groups. Terpenoids reported to show the pancreatic lipase 
inhibitory effect, hypotriglyceridemic and hypocholesterolemic 
effects. Terpenes, 3-O-trans-p-coumaroyl actinidic acid, ursolic acid, 
23-hydroxyursolic acid, corosolic acid, asiatic acid and betulinic acid 
purified from Actinidia arguta reported to show pancreatic lipase 
inhibitory activity with the IC50 values of 14.95, 15.83, 41.67, 20.42, 
76.45 and 21.10 μM respectively [28].  

Crocin and crocetin isolated from Gardenia jasminoides were 
reported to have pancreatic lipase inhibitory activity with the IC50 
values of 2.1 and 2.6 mg/ml respectively [29]. Terpenoids i.e. 
carnosic acid, carnosol, roylenoic acid, 7-methoxyrosmanol and 
oleanolic acid isolated from Salvia officinalis were found to inhibit 
the pancreatic lipase with the IC50 values of 12, 4.4, 35, 32 and 83 
μg/ml respectively [30]. Trilactone terpenes, ginkgolides A, B, and 
bilobalide isolated from Ginkgo biloba were found to inhibit the 
pancreatic lipase activity with the IC50 values of 22.9, 90.0 and 60.1 
µg/ml respectively [31]. Secoiridoids, ligstroside, oleuropein, 2"-
hydroxyoleuropein and hydroxyframoside B isolated from Fraxinus 
rhynchophylla reported to show the inhibitory effect on the 
pancreatic lipase [32]. Carvacrol isolated from the Monarda punctata 
inhibited the lipase activity with the IC₅₀ value of 4.07 mM [33]. A 
new endoperoxysesquiterpene lactone, 10α-hydroxy-1α,4α-
endoperoxy-guaia-2-en-12,6α-olide purified from Chrysanthemum 
morifolium reported to show the lipase inhibitory activity with the 
IC50 

In these compounds hydroxyl group is directly bonded to aromatic 
hydrocarbon. These compounds are usually large and have complex 
chemical structure and important phenolic compounds are 
flavonoids, phenolic acids, polyphenols and tannains. Phenolic 
compounds were reported to show lipase inhibition activity in 
addition to antioxidant, anti-inflammatory and anti microbial 
activities. Flavonoids, hesperidin and neohesperidin purified from 
Citrus unshiu reported to inhibit the 50 % of porcine pancreatic 
lipase activity at the concentration of 32 and 46 μg/ml, respectively 
[35]. However, other flavonoids, narirutin and naringin didn’t inhibit 
the lipase. Galangin, a flavonol purified from Alpinia galanga was 
reported to inhibit the pancreatic lipase with the IC

values of 161.0 μM [34].  

Phenolics 

50 value of 48.20 
mg/ml [36]. Licochalcone A, a pancreatic lipase inhibitor from 
Glycyrrhiza uralensis was reported to inhibit the 50 % of activity at 
the concentration of 35 μg/ml [37]. Isoliquiritigenin and 3,3′,4,4 -
tetrahydroxy-2-methoxychalcone isolated from Glycyrrhiza glabra 
inhibited the pancreatic lipase with the IC50 values of 7.3 and 35.5 
μM respectively [38]. Methyl chlorogenate purified from Eremochloa 
ophiuroides inhibited the 50 % of pancreatic lipase activity at 33.6 
μM [39] and 3-O-caffeoyl-4-O-galloyl-L-threonic acid isolated from 
Filipendula kamtschatica inhibited pancreatic lipase with half 
maximal concentration of 26 μM [40]. A flavan dimer, (2S)-3,4,7-
trihydroxyflavan-(4α→8)-catechin isolated from Cassia nomame was 
reported to inhibit the pancreatic lipase with the IC 50 value of 5.5 
μM [41]. A phlorotannin, 7-phloroeckol isolated from Eisenia bicyclis 
(a brown algae) inhibited the pancreatic lipase with the IC50 value of 
12.7±1.0 μM [42]. Flavonoids, eriodictyol and sigmoidin A isolated 

from Erythrina abyssinica were reported to show pancreatic lipase 
inhibitory activity with the IC₅₀ values of 134±19.39 and 4.5±0.87 
µM respectively [43]. IC₅₀ value of sigmoidin A was around 30 times 
more than that of eriodictyol. 

Polyphenols isolated from oolong tea were reported to show potent 
pancreatic lipase inhibitory activities [44]. The compounds and their 
IC50 values are listed in the table 1. Among this compounds 
oolonghomobisflavan A showed the best IC50 value. Procyanidin 
fraction of the apple polyphenol extract showed the strong 
pancreatic lipase inhibition activity, whereas polyphenols present in 
the polyphenol fraction showed relatively lower inhibition [45]. IC50 
values of these compounds were listed in the table 2. A pancreatic 
lipase inhibitor, 3-methylethergalangin isolated from Alpinia 
officinarum showed the IC50 value of 1.3 mg/ml on triolein [46]. 
Another pancreatic lipase inhibitor, 5-hydroxy-7-(4'-hydroxy-3'-
methoxyphenyl)-1-phenyl-3-heptanone with the IC50 value of 1.5 
mg/ml on triolein was isolated from the same plant [47]. In addition, 
extracts of peanut (Arachis hypogaea) shell [48], Mangifera indica 
[49], grape seed extract [50] and Salacia reticulata [51] were 
reported to show the lipase inhibition activity and this activity was 
attributed to the polyphenolic compounds present in those extracts. 
Recently, a stilbenoid, wilsonol C isolated from Vitis vinifera was 
reported to show the potent pancreatic lipase inhibitory effect with 
the IC₅₀ value of 6.7 ± 0.7 µM [52]. Phenolic extracts of Vigna species 
were reported to show the inhibitory activities on pancreatic lipase 
with IC50 values of 7.32 to 9.85 mg/ml [53]. Three flavonoids, 
quercetin-3-O-β-D-arabinopyranosyl-(1→2)-β-D-galactopyranoside, 
quercetin-3-O-β-D-glucuronide and kaempferol-3-O-β-d-
glucuronide from Nelumbo nucifera (Lotus) leaf extracts were 
identified as lipase inhibitors [54]. A new phenolic compound, 
broussonone A purified from Broussonetia kanzinoki reported to 
inhibit the pancreatic lipase in a noncompetitive manner with the 
IC50 value of 28.4 μM [55].  

Phenolic compounds, protoaphin-fb, 2-O-digalloyl-1,3,4,6-tetra-O-
galloyl-β-D-glucose, 1,2,3,4,6-penta-O-galloyl-β-D-glucose, 1,2,4,6-
tetra-O-galloyl-β-D-glucose, 3-hydroxy-5-methoxy-phenol 1-O-β-D-
glucoside, methylgallate and gallic acid isolated from Galla Rhois 
reported to show the pancreatic lipase inhibitory activity with the 
IC₅₀ values in the range from 30.6±2.4 to 3.5±0.5 mM [56]. A 
phloroacetophenone, 2',4',6'-trihydroxyacetophenone purified from 
Myrcia multiflora showed the inhibition of pancreatic lipase activity 
[57]. Hydroxy-chavicol isolated from Eugenia polyantha reported to 
show the inhibitory effect on the pancreatic lipase [58]. 
Anthocyanin, Cyanidin-3-glucoside isolated from Aronia 
melanocarpa was reported to inhibit the pancreatic lipase with the 
IC 50 value of 1.17±0.05 mg/ml [59]. Polyphenols from different 
berries were reported to show the pancreatic lipase inhibitory 
activity in vitro [60]. In another study, transformates of curcumin, 
erythro-1-(3-methoxy-4-hydroxy-phenyl)-propan-1,2-diol 
and threo

A glycoside is a compound in which sugar is bound to another 
functional group through glycosidic bond. Glycosides were reported 
to show pancreatic lipase inhibitory activity. Kaempferol 3-O-
rutinoside isolated from Cassia auriculata was found to inhibit the 
pancreatic lipase with the IC

-1-(3-methoxy-4-hydroxy-phenyl)-propan-1,2-diol were 
reported to show the better pancreatic lipase inhibitory activity 
compared to the parent compound, curcumin [61]. 

Glycosides 

50 value of 2.9 μM, whereas rutin, 
quercetin and luteolin isolated from the same plant showed the 
weak inhibition with the IC50 values greater than 100μM and 
kaempferol isolated from the same plant showed almost no 
inhibition of pancreatic lipase [62]. Glycosides, 1,4,8-
trihydroxynaphthalene-1-O-β-D-[6′-O-(3′′,4′′,5′′-
trihydroxybenzoyl)] glucopyranoside isolated from Juglans 
mandshurica [63] and acteoside isolated from Ligustrum 
purpurascens (kudingcha tea) [64] were reported to show the 
pancreatic lipase inhibition. Luteolin-6-C-β-D-boivinopyranoside, 
orientin, isoorientin, derhamnosylmaysin and isoorientin-2-O-α-L-
rhamnoside isolated from Eremochloa ophiuroides showed the 
pancreatic lipase inhibitory activity with the IC50 values of 50.5, 
31.6, 44.6, 25.9 and 18.5 μM respectively [65]. Licuroside and 
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isoliquiritoside isolated from Glycyrrhiza glabra showed pancreatic 
lipase inhibitory activity with the IC50

These compounds mostly contain basic nitrogen atoms and some of 
the alkaloids reported to inhibit the pancreatic lipase activity. 
Caffeine, theophylline and theobromine were reported to inhibit the 
human pancreatic lipase activity in a dose dependent manner [66]. 

 values of 14.9 and 37.6 μM 
respectively [38]. 

Alkaloids 

Piperazine and piperidine triazole ureas were reported to inhibit the 
monoacylglycerol lipase selectively [67]. 

Carotenoids 

An important carotenoid, fucoxanthin was isolated from edible 
seaweeds, Undaria pinnatifida and Sargassum fulvellum reported to 
inhibit the pancreatic lipase with the IC50 value of 660 nM and 
fucoxanthinol, a derivative of fucoxanthin was also shown to inhibit 
the pancreatic lipase with the IC50 value of 764 nM [68]. 

Polysaccharide 

Low molecular weight chitosan (46 KDa) was reported to inhibit the 
pancreatic lipase and it could reduce the elevation of plasma 
triacylglycerol level in the mice [69]. Pectin extracted from the apple 
(Malus pumila) pomace was reported to 

Polyphenol 

inhibit the pancreatic lipase 
(steapsin) [70]. 

 

Table 1: Polyphenols isolated from oolong tea 

IC50 

(mM) 
(-)-Epigallocatechin 3,5-di-O-gallate  0.098  
Prodelphinidin B-2 3,30-di-O-gallate  0.107 
Assamicain A  0.120 
Oolonghomobisflavan A  0.048 
Oolonghomobisflavan B  0.108  
Theasinensin D  0.098  
Oolongtheanin 30-O-gallate  0.068 
Theaflavin  0.106  
Theaflavin 3,30-O-gallate  0.092 

 

Table 2: Pancreatic lipase inhibitors isolated from apple 

Pancreatic lipase inhibitor IC50 (μg/ml) 
Dimers to nonamers of procyanidins >125, 32.9, 6.7,1.3, 

2.3,0.7, 1.9 & 0.9 
Phloridzin 58.7 
Phloretin-2′-xyloglucoside 44.6 
Chlorogenic acid 59.8 
p-Coumaroyl quinic acid 89.0 

 

Medical applications 

Pancreatic lipase is a key enzyme for digesting the dietary fats and 
reduction of fat absorption by inhibiting the pancreatic lipase is 
suggested to be an important therapeutic strategy for obesity. 
Inhibitors of pancreatic lipase will play an important role in the 
treatment of obesity since pancreatic lipase is a safe target and its 
inhibition will not alter central pathways. Black tea extract 
containing polyphenols (lipase inhibitors) suppressed the increase 
of plasma triglyceride levels in the rat and increase in body weight, 
mass of parametrial adipose tissue and the lipid content of liver in 
the high fat fed mice [71]. Diets supplemented with green tea (-)-
epigallocatechin-3-gallate, a pancreatic lipase inhibitor 
demonstrated the reduction of body weight and mass of different 
adipose tissues in a dose dependent manner in the mice and this diet 
also reduced the triglyceride levels in the plasma and liver lipid [72]. 
Galangin, pancreatic lipase inhibitor isolated from Alpinia galanga 
lead to the reduction of the body weight and parametrial adipose 
tissue weight induced by the cafeteria diet in the rats. Galangin also 

lead to the reduction of serum lipids, liver weight, lipid peroxidation 
and hepatic triglyceride accumulation [73]. 

Carvacrol, a lipase inhibitor purified from Monarda punctata 
suppressed the elevation of blood triacylglycerol level in the mice 
[33]. Ginseng saponin, a pancreatic lipase inhibitor was attributed to 
be responsible for the antiobesity and hypolipidemic effects in the 
high fat diet fed mice [16]. Carnosic acid, a potent pancreatic lipase 
inhibitor inhibited the triglyceride elevation in the olive oil fed mice 
and lead to the reduction of the body weight gain and the epididymal 
fat accumulation in the high fat fed mice [30]. Pancreatic lipase 
inhibitors, 3-methylethergalangin and 5-hydroxy-7-(4'-hydroxy-3'-
methoxyphenyl)-1-phenyl-3-heptanone isolated from the Alpinia 
officinarum reduced the serum triglyceride level in the corn oil 
feeding induced triglyceridemic mice and lowered the serum 
triglyceride and cholesterol in the triton WR-1339-induced 
hyperlipidemic mice [46, 47]. Triterpenes isolated from Abies 
sibirica were attributed to inhibit the mouse plasma lipase activity 
and LDL antioxidative activity which play a role in preventing 
arteriosclerosis [74]. Flavonoids from Nelumbo 
nucifera demonstrated to reduce the total cholesterol, triglycerides, 
LDL cholesterol and malondialdehyde in various in vivo 

There is no approved lipase inhibitor from the plant sources for the 
treatment of obesity despite the isolation of so many lipase 
inhibitors from plants. The only approved lipase inhibitor available 
for the treatment obesity is orlistat and it was derived from the 
lipstatin that was produced from the microbe, 

systems 
[75]. Ursolic acid stearoyl glucoside was demonstrated to prevent 
high fat diet induced obesity in mice by possibly inhibiting the 
activity of pancreatic lipase [76]. 

Marine carotenoids, fucoxanthin and fucoxanthinol reported to 
reduce the lymphatic triglyceride absorption and systemic blood 
triglyceride level increase in the lymph duct cannulated rats [68]. 
Pancreatic lipase inhibiting saponins, sessiloside and chiisanoside 
isolated from Acanthopanax sessiliflorus prevented the weight gain 
in the high fat diet fed mice [17]. Evidences were shown for the role 
of platycodin saponins in the lipase inhibition and restriction in the 
calorie intake [13]. Saponin fraction from Panax japonicas reported 
to inhibit the weight gain, weight of adipose fat pad and rise in the 
plasma triglyceride content in the high fat fed rodent model [14]. In 
another study, lipase inhibiting saponins, ginsenosides isolated from 
stems and leaves of Panax quinquefolium inhibited the high fat diet 
induced obesity in the mice [15]. Pancreatic lipase inhibitors, crocin 
and crocetin isolated from Gardenia jasminoides reported to reduce 
the increase of serum triglyceride level in the corn oil fed 
triglyceridemic mice and showed hypolipidemic activity in the high 
fat or high cholesterol fed hyperlipidemic mice [29]. 

Though many studies established the indirect link between the 
pancreatic lipase inhibitory activity and the antiobesity effect there 
is a need for the more direct studies. It is commonly accepted that 
material of plant origin is safer than the synthesized equivalent. 
However, in its purified or enriched form molecule might behave 
differently and every drug needs to be thoroughly tested for its 
safety before commercialization. Potential of a compound to be used 
as a drug depends on many factors in addition to its safe origin. One 
such factor is stability of the compound. Carnosol shows stronger 
pancreatic lipase inhibitory activity in vitro, but it lacks substantial 
effects in vivo due to its instability in the solvents. One needs to 
develop suitable systems that deliver the compounds in a stable 
manner. Nano delivery systems are gaining lot of importance 
recently, but their safety need to be evaluated thoroughly.  

Future perspectives 

Streptomyces 
toxytricini. However, this approved inhibitor has unpleasant side 
effects. The common plant (tea, peanut, apple, grape etc.) extracts 
with lipase inhibitory activity might reduce the side effects due to 
their safety. Hence, plants must be thoroughly explored for 
developing commercial pancreatic lipase inhibitors for the 
treatment of obesity. Although, there are many animal studies with 
respect to the role of lipase inhibitors in the reduction of obesity, 
there is no single plant pancreatic lipase inhibitor in the clinical use 
till now. Hence there is a need for the clinical studies that will lead 
these inhibitors in to the development of anti obesity drugs and such 

http://www.sciencedirect.com/science/article/pii/S1074552113000380�
http://www.sciencedirect.com/science/article/pii/S1074552113000380�


 Kadeppagari et al. 
Int J Pharm Pharm Sci, Vol 7, Supple 1,1-5 

4 
“Drugs from Nature: Plants as an important source of pharmaceutically important metabolites”  

Guest Editor: Dr. Dhananjaya Bhadrapura Lakkappa 

studies will answer how the compounds of plant origin will have 
fewer side effects compared to the synthetic candidates. There is no 
reported protein or peptide based plant lipase inhibitor except the 
lipoxygenase 1 [77]. One can explore this area and might come up 
with novel inhibitors by manipulating the protein sequence with the 
help of molecular tools. 

ACKNOWLEDGEMENT 

Authors are thankful to Dr. Chenraj Roychand, President, Jain University 
Trust and Dr. Krishna Venkatesh, Director, Centre for Emerging 
Technologies, Jain University for providing the support and facilities  

CONFLICT OF INTERESTS 

Declare None 

REFERENCES 

1. Cooke D‚ Bloom S. The obesity pipeline: current strategies in 
the development of anti-obesity drugs. Nat Rev Drug Discovery 
2006;5:919–31. 

2. Melnikova I‚ Wages D. Antiobesity therapies. 
Nat Rev Drug Discovery 2006;5:369–70. 

3. Birari RB, Bhutani KK. Pancreatic lipase inhibitors from natural 
sources: unexplored potential. Drug Discovery Today 
2007;12:879-89. 

4. Nitin A‚ Lunagariya, Neeraj K‚ Patel, Sneha C‚ Jagtap, et al. 
Inhibitors of pancreatic lipase: state of the art and clinical 
perspectives. EXCLI J 2014;13:897-921. 

5. Fernandez E, Borgström B. Effects of tetrahydrolipstatin, a 
lipase inhibitor, on absorption of fat from the intestine of the 
rat. Biochim Biophys Acta 1989;1001:249-55. 

6. Hauptman JB, Jeunet FS‚ Hartmann D. Initial studies in humans 
with the novel gastrointestinal lipase inhibitor Ro 18-0647 
(tetrahydrolipstatin). Am J Clin Nutr 1992;55:309S-313S. 

7. Ballinger A‚ Peikin SR. Orlistat: Its current status as ananti-
obesity drug. Eur J Pharmacol 2002;440:109-17. 

8. Jandacek RJ‚ Woods SC. Pharmaceutical approaches to the 
treatment of obesity. Drug Discovery Today 2004;15:874-80. 

9. Weigle DS. Pharmacological therapy of obesity: past, present 
and future. J Clin Endocrinol Metab 2003;88:2462-9. 

10. Yun JW. Possible anti-obesity therapeutics from nature. Rev 
Phytochem 2010;71:1625-41. 

11. Singh A, Sarkar SR, Gaber LW, Perazella MA. Acute oxalate 
nephropathy associated with orlistat, a gastrointestinal lipase 
inhibitor. Am J Kidney Dis 2007;49:153-7. 

12. Zao HL, Kim YS. Determination of the kinetic properties of 
platycodin D for the inhibition of pancreatic lipase using a 1,2-
diglyceride-based colorimetric assay. Arch Pharm Res 
2004;27:968–72. 

13. Zhao HL, Sim JS, Shim SH, Ha YW, Kang SS, Kim YS. Antiobese 
and hypolipidemic effects of platycodin saponins in diet-
induced obese rats: evidences for lipase inhibition and calorie 
intake restriction. Int J Obes 2005;29:983–90.  

14. Han LK, Zheng YN, Yoshikawa M, Okuda H, Kimura Y

15. Liu W, Zheng Y, Han L, Wang H, Saito M, Ling M, et al. Saponins 
(Ginsenosides) from stems and leaves of Panax quinquefolium 
prevented high-fat diet-induced obesity in mice. Phytomed 
2008;15:1140-5. 

. Anti-
obesity effects of chikusetsusaponins isolated from Panax 
japonicus rhizomes. BMC Complement Altern Med 2005;5:9–18. 

16. Karu N, Reifen R, Kerem Z. Weight gain reduction in mice fed 
Panax ginseng saponin, a pancreatic lipase inhibitor. J Agric 
Food Chem 2007;55:2824-8. 

17. Yoshizumi K, Hirano K, Ando H, Hirai Y, Ida Y, Tsuji T, et al. 
Lupane type saponins from leaves of Acanthopanax 
sessiliflorus and their inhibitory activity on pancreatic lipase. J 
Agric Food Chem 2006;54:335–41. 

18. Li F, Li W, Fu H, Zhang Q, Koike K. Pancreatic lipase: Inhibiting 
triterpenoid saponins from fruits of Acanthopanax senticosus. 
Chem Pharm Bull 2007;55:1087-9. 

19. Kwon CS, Sohn HY, Kim SH, Kim JH, Son KH, Lee JS, et al. Anti-
obesity effects of Dioscorea nipponica Makino with lipase 
inhibitory activity in rodents. Biosci Biotechnol Biochem 
2003;67:1451–6. 

20. Zheng Q‚ Koike K, Han LK, Okuda H, Nikaido T. New biologically 
active triterpenoid saponins from Scabiosa tschiliensis. J Nat 
Prod 2006;67:604–13. 

21. Kimura H, Ogawa S, Jisaka M, Kimura Y, Katsube T, Yokota K. 
Identification of novel saponins from edible seeds of Japanese 
horse chestnut (Aesculus turbinata Blume) after treatment 
with wooden ashes and their nutraceutical activity. J Pharm 
Biomed Anal 2006;41:1657–65. 

22. Kurihara H. Hypolipemic effect of Cyclocarya paliurus (Batal) 
Iljinskaja in lipid-loaded mice. Biol Pharm Bull 2003;26:383–5. 

23. Han LK, Kimura Y, Kawashima M, Takaku T, Taniyama T, 
Hayashi T, et al. Anti-obesity effects in rodents of dietary 
teasaponin, a lipase inhibitor. Int J Obes 2001;25:1459–64. 

24. Yoshikawa M, Sugimoto S, Kato Y, Nakamura S, Wang T, 
Yamashita C. Acylated oleanane-type triterpene saponins with 
acceleration of gastrointestinal transit and inhibitory effect on 
pancreatic lipase from flower buds of Chinese tea plant 
(Camellia sinensis). Chem Biodiversity 2009;6:903-15. 

25. Zheng Q, Li W, Han L, Koike K. Pancreatic lipaseinhibiting 
triterpenoid saponins from Gypsophila oldhamiana. Chem 
Pharm Bull 2007;55:646-50. 

26. Sugimoto S, Nakamura S, Yamamoto S, Yamashita C, Oda Y, 
Matsuda H. Structures of triterpene oligoglycosides and lipase 
inhibitors from mate, leaves of Ilex paraguariensis. Brazilian 
natural med III. Chem Pharm Bull 2009;57:257-61. 

27. Morikawa T, Xie Y, Asao Y, Okamoto M, Yamashita C, Muraoka 
O. Oleanane-type triterpene oligoglycosides with pancreatic 
lipase inhibitory activity from the pericarps of Sapindus rarak. 
Phytochem 

28. Jang DS, Lee GY, Kim J, Lee YM, Kim JM, Kim YS, et al. A new 
pancreatic lipase inhibitor isolated from the roots of Actinidia 
arguta. Arch Pharm Res 2008;31:666-70. 

2009;70:1166-72. 

29. Lee IA, Lee JH, Baek NI, Kim DH. Antihyperlipidemic effect of 
crocin isolated from the fructus of Gardenia jasminoides and its 
metabolite crocetin. Biol Pharm Bull 2005;28:2106-10. 

30. Ninomiya K, Matsuda H, Shimoda H, Nishida N, Kasajima N, 
Yoshino T, et al. Carnosic acid, a new class of lipid absorption 
inhibitor from sage. Bioorg Med Chem Lett 2004;14:1943-6. 

31. Bustanji Y, Al-Masri IM, Mohammad M, Hudaib M, Tawaha 
K, Tarazi H, et al. Pancreatic lipase inhibition activity of 
trilactone terpenes of Ginkgo biloba. J Enzyme Inhib Med 
Chem 2011;26:453-9. 

32. Ahn JH, Shin E, Liu Q, Kim SB, Choi KM, Yoo HS, et 
al. Secoiridoids from the stem barks of Fraxinus rhynchophylla 
with pancreatic lipase inhibitory activity. Nat Prod Res 
2013;27:1132-5. 

33. Yamada K, Murata T, Kobayashi K, Miyase T, Yoshizaki F. 
A lipase inhibitor monoterpene and monoterpene glycosides 
from Monarda punctata. Phytochem 2010;71:1884-91. 

34. Luyen NT, Tram LH, Hanh TTH, Binh PT, Dang NH, Minh CV. 
Inhibitors of α-glucosidase, α-amylase and lipase 
from chrysanthemum morifolium. Phytochem Lett 2013;6:322-5. 

35. Kawaguchi K, Mizuno T, Aida K, Uchino K. Hesperidin as an 
inhibitor of lipases from porcine pancreas and Pseudomonas. 
Biosci Biotechnol Biochem 1997;61:102-4. 

36. Kumar S, Alagawadi KR. Anti-obesity effects of galangin, a 
pancreatic lipase inhibitor in cafeteria diet fed female rats. 
Pharm Biol 2013;51:607-13. 

37. Won SR, Kim SK, Kim YM, Lee PH, Ryu JH, Kim JW, et al. 
Licochalcone a: a lipase inhibitor from the roots of Glycyrrhiza 
uralensis. Food Res Int 2007;40:1046-50. 

38. Birari RB, Gupta S, Gopi MC, Bhutani KK. Antiobesity and lipid 
lowering effects of Glycyrrhiza chalcones: experimental and 
computational studies. Phytomed 2011;18:795-801. 

39. Lee EM, Lee SS, Chung BY, Cho JY, Lee IC, Ahn SR, et al. 
Pancreatic lipase inhibition by C-glycosidic flavones isolated 
from Eremochloa ophiuroides. Molecules 2010;15:8251-9. 

40. Kato E, Yama M, Nakagomi R, Shibata T, Hosokawa K, Kawabata 
J. Substrate-like water soluble lipase inhibitors from 
Filipendula kamtschatica. Bioorg Med Chem Lett 
2012;22:6410-2. 

41. Hatano T, Yamashita A, Hashimoto T, Ito H, Kubo N, Yoshiyama 
M, et al. Flavan dimers with lipase inhibitory activity from 
Cassia nomame. Phytochem 1997;46:893-900. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Fernandez%20E%5BAuthor%5D&cauthor=true&cauthor_uid=2917150�
http://www.ncbi.nlm.nih.gov/pubmed?term=Borgstr%C3%B6m%20B%5BAuthor%5D&cauthor=true&cauthor_uid=2917150�
http://www.ncbi.nlm.nih.gov/pubmed/2917150##�
http://www.ncbi.nlm.nih.gov/pubmed?term=Hauptman%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=1728845�
http://www.ncbi.nlm.nih.gov/pubmed?term=Jeunet%20FS%5BAuthor%5D&cauthor=true&cauthor_uid=1728845�
http://www.ncbi.nlm.nih.gov/pubmed?term=Hartmann%20D%5BAuthor%5D&cauthor=true&cauthor_uid=1728845�
http://www.ncbi.nlm.nih.gov/pubmed/1728845##�
http://www.sciencedirect.com/science/article/pii/S0031942210002967�
http://www.ncbi.nlm.nih.gov/pubmed?term=Singh%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17185156�
http://www.ncbi.nlm.nih.gov/pubmed?term=Sarkar%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=17185156�
http://www.ncbi.nlm.nih.gov/pubmed?term=Gaber%20LW%5BAuthor%5D&cauthor=true&cauthor_uid=17185156�
http://www.ncbi.nlm.nih.gov/pubmed?term=Perazella%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=17185156�
http://www.ncbi.nlm.nih.gov/pubmed/17185156�
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhao%20HL%5BAuthor%5D&cauthor=true&cauthor_uid=15852049�
http://www.ncbi.nlm.nih.gov/pubmed?term=Sim%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=15852049�
http://www.ncbi.nlm.nih.gov/pubmed?term=Shim%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=15852049�
http://www.ncbi.nlm.nih.gov/pubmed?term=Ha%20YW%5BAuthor%5D&cauthor=true&cauthor_uid=15852049�
http://www.ncbi.nlm.nih.gov/pubmed?term=Kang%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=15852049�
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20YS%5BAuthor%5D&cauthor=true&cauthor_uid=15852049�
http://www.ncbi.nlm.nih.gov/pubmed?term=Karu%20N%5BAuthor%5D&cauthor=true&cauthor_uid=17367157�
http://www.ncbi.nlm.nih.gov/pubmed?term=Reifen%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17367157�
http://www.ncbi.nlm.nih.gov/pubmed?term=Kerem%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=17367157�
http://www.ncbi.nlm.nih.gov/pubmed/17367157�
http://www.ncbi.nlm.nih.gov/pubmed/17367157�
http://www.ncbi.nlm.nih.gov/pubmed/17367157�
http://www.ncbi.nlm.nih.gov/pubmed?term=Yoshizumi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16417288�
http://www.ncbi.nlm.nih.gov/pubmed?term=Hirano%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16417288�
http://www.ncbi.nlm.nih.gov/pubmed?term=Ando%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16417288�
http://www.ncbi.nlm.nih.gov/pubmed?term=Hirai%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16417288�
http://www.ncbi.nlm.nih.gov/pubmed?term=Ida%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16417288�
http://www.ncbi.nlm.nih.gov/pubmed?term=Tsuji%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16417288�
http://www.pubfacts.com/author/Chong-Suk+Kwon�
http://www.pubfacts.com/author/Ho+Yong+Sohn�
http://www.pubfacts.com/author/Sung+Hee+Kim�
http://www.pubfacts.com/author/Ji+Hyun+Kim�
http://www.pubfacts.com/author/Kun+Ho+Son�
http://www.pubfacts.com/author/Jeong+Soon+Lee�
http://www.ncbi.nlm.nih.gov/pubmed?term=Zheng%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=15104490�
http://www.ncbi.nlm.nih.gov/pubmed?term=Koike%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15104490�
http://www.ncbi.nlm.nih.gov/pubmed?term=Han%20LK%5BAuthor%5D&cauthor=true&cauthor_uid=15104490�
http://www.ncbi.nlm.nih.gov/pubmed?term=Okuda%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15104490�
http://www.ncbi.nlm.nih.gov/pubmed?term=Nikaido%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15104490�
http://www.ncbi.nlm.nih.gov/pubmed?term=Kimura%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16621416�
http://www.ncbi.nlm.nih.gov/pubmed?term=Ogawa%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16621416�
http://www.ncbi.nlm.nih.gov/pubmed?term=Jisaka%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16621416�
http://www.ncbi.nlm.nih.gov/pubmed?term=Kimura%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16621416�
http://www.ncbi.nlm.nih.gov/pubmed?term=Katsube%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16621416�
http://www.ncbi.nlm.nih.gov/pubmed?term=Yokota%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16621416�
http://www.ncbi.nlm.nih.gov/pubmed?term=Han%20LK%5BAuthor%5D&cauthor=true&cauthor_uid=11673766�
http://www.ncbi.nlm.nih.gov/pubmed?term=Kimura%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=11673766�
http://www.ncbi.nlm.nih.gov/pubmed?term=Kawashima%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11673766�
http://www.ncbi.nlm.nih.gov/pubmed?term=Takaku%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11673766�
http://www.ncbi.nlm.nih.gov/pubmed?term=Taniyama%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11673766�
http://www.ncbi.nlm.nih.gov/pubmed?term=Hayashi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11673766�
http://www.sciencedirect.com/science/article/pii/S0031942209002520�
http://www.sciencedirect.com/science/article/pii/S0031942209002520�
http://www.ncbi.nlm.nih.gov/pubmed?term=Bustanji%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21028941�
http://www.ncbi.nlm.nih.gov/pubmed?term=Al-Masri%20IM%5BAuthor%5D&cauthor=true&cauthor_uid=21028941�
http://www.ncbi.nlm.nih.gov/pubmed?term=Mohammad%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21028941�
http://www.ncbi.nlm.nih.gov/pubmed?term=Hudaib%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21028941�
http://www.ncbi.nlm.nih.gov/pubmed?term=Tawaha%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21028941�
http://www.ncbi.nlm.nih.gov/pubmed?term=Tawaha%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21028941�
http://www.ncbi.nlm.nih.gov/pubmed?term=Tawaha%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21028941�
http://www.ncbi.nlm.nih.gov/pubmed?term=Tarazi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21028941�
http://www.ncbi.nlm.nih.gov/pubmed/21028941�
http://www.ncbi.nlm.nih.gov/pubmed/21028941�
http://www.ncbi.nlm.nih.gov/pubmed/21028941�
http://www.ncbi.nlm.nih.gov/pubmed?term=Ahn%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=22840217�
http://www.ncbi.nlm.nih.gov/pubmed?term=Shin%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22840217�
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=22840217�
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=22840217�
http://www.ncbi.nlm.nih.gov/pubmed?term=Choi%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=22840217�
http://www.ncbi.nlm.nih.gov/pubmed?term=Yoo%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=22840217�
http://www.ncbi.nlm.nih.gov/pubmed/22840217�
http://www.ncbi.nlm.nih.gov/pubmed/22840217�
http://www.ncbi.nlm.nih.gov/pubmed/22840217�
http://www.ncbi.nlm.nih.gov/pubmed?term=Yamada%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20832830�
http://www.ncbi.nlm.nih.gov/pubmed?term=Murata%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20832830�
http://www.ncbi.nlm.nih.gov/pubmed?term=Kobayashi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20832830�
http://www.ncbi.nlm.nih.gov/pubmed?term=Miyase%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20832830�
http://www.ncbi.nlm.nih.gov/pubmed?term=Yoshizaki%20F%5BAuthor%5D&cauthor=true&cauthor_uid=20832830�
http://www.ncbi.nlm.nih.gov/pubmed/20832830�
http://www.sciencedirect.com/science/article/pii/S1874390013000517�
http://www.sciencedirect.com/science/article/pii/S1874390013000517�


 Kadeppagari et al. 
Int J Pharm Pharm Sci, Vol 7, Supple 1,1-5 

5 
“Drugs from Nature: Plants as an important source of pharmaceutically important metabolites”  

Guest Editor: Dr. Dhananjaya Bhadrapura Lakkappa 

42. Eom SH, Lee MS, Lee EW, Kim YM, Kim TH. Pancreatic lipase 
inhibitory activity of phlorotannins isolated from Eisenia 
bicyclis. Phytother Res 2013;27:148-51. 

43. Habtemariam S. The anti-obesity potential of sigmoidin A. 
Pharm Biol 2012;50:1519-22. 

44. Nakai M, Fukui Y, Asami S, Toyoda OY, Iwashita T, Shibata H, et 
al. Inhibitory effects of oolong tea polyphenols on pancreatic 
lipase in vitro. J Agric Food Chem 2005;53:4593-8. 

45. Sugiyama H, Akazome Y, Shoji T, Yamaguchi A, Yasue M, Kanda 
T, et al. Oligomeric procyanidins in apple polyphenol are main 
active components for inhibition of pancreatic lipase and 
triglyceride absorption. J Agric Food Chem 2007;55:4604-9. 

46. Shin JE, Joo HM, Kim DH. 3-methylethergalangin isolated from 
Alpinia officinarum inhibits pancreatic lipase. Biol Pharm Bull 
2003;26:854-7. 

47. Shin JE, Han MJ, Song MC, Baek NI, Kim DH. 5-Hydroxy-7-(4'-
hydroxy-3'-methoxyphenyl)-1-phenyl-3-heptanone: a 
pancreatic lipase inhibitor isolated from alpinia officinarum. 
Biol Pharm Bull 2004;27:138-40. 

48. Moreno DA, Ilic N, Poulev A, Raskin I. Effects of arachis 
hypogaea nutshell extract on lipid metabolic enzymes and 
obesity parameters. Life Sci 2006;78:2797-803. 

49. Moreno DA, Ripoll C, Ilic N, Poulev A, Aubin C, Raskin I. 
Inhibition of lipid metabolic enzymes using Mangifera indica 
extracts. J Food Agric Environ 2006;4:21-6. 

50. Moreno DA, Ilic N, Poulev A, Brasaemle DL, Fried SK, Raskin I. 
Inhibitory effects of grape seed extract on lipases. Nutrition 
2003;19:876-9. 

51. Yoshikawa M, Shimoda H, Nishida N, Takada M, Matsuda H. 
Salacia reticulata and its polyphenolic constituents with lipase 
inhibitory and lipolytic activities have mild antiobesity effects 
in rats. J Nutr 2002;132:1819-24. 

52. Kim YM, Lee EW, Eom SH, Kim TH. Pancreatic lipase inhibitory 
stilbenoids from the roots of vitis vinifera. Int J Food Sci 
Nutr 2014;65:97-100. 

53. Sreerama YN, Takahashi Y, Yamaki K. Phenolic antioxidants in 
some Vigna species of legumes and their distinct inhibitory 
effects on α-glucosidase and pancreatic lipase activities. J Food 
Sci 2012;77:C927-33. 

54. Tao Y, Zhang Y, Wang Y, Cheng Y. Hollow fiber based affinity 
selection combined with high performance liquid 
chromatography-mass spectroscopy for rapid 
screening lipase inhibitors from lotus leaf. Anal Chim Acta 
2013;785:75-81. 

55. Ahn JH, Liu Q, Lee C, Ahn MJ, Yoo HS, Hwang BY. A new 
pancreatic lipase inhibitor from Broussonetia kanzinoki. Bioorg 
Med Chem Lett 2012;22:2760-3.  

56. Kwon OJ, Bae JS, Lee HY, Hwang JY, Lee EW, Ito H, et al. 
Pancreatic lipase inhibitory gallotannins from Galla Rhois with 
inhibitory effects on adipocyte differentiation in 3T3-L1 cells. 
Molecules 2013;18:10629-38. 

57. Ferreira EA, Gris EF, Rebello JM, Correia JF, de Oliveira LF, Filho 
DW. The 2',4',6'-trihydroxyacetophenone isolated from Myrcia 
multiflora has antiobesity and mixed hypolipidemic effects 
with the reduction of lipid intestinal absorption. Planta 
Med 2011;77:1569-74. 

58. Kato E, Nakagomi R, Maria DPT, Puteri G, Kawabata J. 
Identification of hydroxychavicol and its dimers, the lipase 
inhibitor contained in the Indonesian spice, Eugenia polyantha. 
Food Chem 2013;136:1239-42. 

59. Worsztynowicz P, Napierała M, Białas W, Grajek W, Olkowicz 
M. 

polyphenolic compounds present in the extract of black 
chokeberry (Aronia melanocarpa

Pancreatic α-amylase and lipase inhibitory activity of 

 L). Proc Biochem 
2014;49:1457-63. 

60. Gordon J, McDougall, Nimish N, Kulkarni, Stewart D. Berry 
polyphenols inhibit pancreatic lipase activity in vitro. Food 
Chem 2009;115:193-9. 

61. Kim TH, Kim JK, Ito H, Jo C. Enhancement of pancreatic lipase 
inhibitory activity of curcumin by radiolytic transformation. 
Bioorg Med Chem Lett 2011;21:1512-4. 

62. Habtemariam S. Antihyperlipidemic components of Cassia 
auriculata aerial parts: identification through in vitro studies. 
Phytother Res 2013;27:152-5. 

63. Han L, Li W, Narimatsu S, Liu L, Fu H, Okuda H, et al. Inhibitory 
effects of compounds isolated from fruit of Juglans 
mandshurica on pancreatic lipase. J Nat Med 2007;61:184-6. 

64. Wu X, He W, Zhang H, Li Y, Liu Z, He Z. Acteoside: A lipase 
inhibitor from the Chinese tea Ligustrum purpurascens 
kudingcha. Food Chem 2014;142:306-10. 

65. Lee EM, Lee SS, Chung BY, Cho JY, Lee IC, Ahn SR, et al. 
Pancreatic lipase inhibition by C-glycosidic flavones isolated 
from Eremochloa ophiuroides. Molecules 2010;15:8251-9. 

66. Wikiera A, Mika M, Zyla K. Methylxanthine drugs are human 
pancreatic lipase inhibitors. Pol J Food Nutr Sci 2012;62:109-13. 

67. Aaltonen N, Juha R Savinainen, Casandra Riera Ribas, Jani Rönkkö, 
Anne Kuusisto, Jani Korhonen, et al. Piperazine and piperidine 
triazole ureas as ultrapotent and highly selective inhibitors of 
monoacylglycerol lipase. Chem Biol 2013;20:379-90. 

68. Matsumoto M, Hosokawa M, Matsukawa N, Hagio M, Shinoki A, 
Nishimukai M, et al. Suppressive effects of the marine 
carotenoids, fucoxanthin and fucoxanthinol on triglyceride 
absorption in lymph ductcannulated rats. Eur J Nutr 
2010;49:243-9. 

69. Sumiyoshi M, Kimura Y. Low molecular weight chitosan 
inhibits obesity induced by feeding a high-fat diet long-term in 
mice. J Pharm Pharmacol 2006;58:201-7. 

70. Kumar A, Ghanshyam S, Chauhan. Extraction and 
characterization of pectin from apple pomace and its evaluation 
as lopase (steapsin) inhibitor. Carbohydr Polym 2010;82:454-9. 

71. Uchiyama S, Taniguchi Y, Saka A, Yoshida A, Yajima H. 
Prevention of diet-induced obesity by dietary black tea 
polyphenols extract in vitro and in vivo. Nutr 

72. 
2011;27:287-92. 

Lee MS, Kim CT, Kim Y. Green tea (-)-epigallocatechin-3-gallate 
reduces body weight with regulation of multiple genes 
expression in adipose tissue of diet-induced obese mice. Ann 
Nutr Metab 

73. 
2009;54:151-7. 

Kumar S, Alagawadi KR. Anti-obesity effects of galangin, a 
pancreatic lipase inhibitor in cafeteria diet fed female rats. 
Pharm Biol 

74. Handa M, Murata T, Kobayashi K, Selenge E, Miyase T, Batkhuu 
J, et al. Lipase 

2013;51:607-13. 

inhibitory and LDL anti-oxidative triterpenes 
from Abies sibirica. Phytochem 2013;86:168-75. 

75. Liu S, Li D, Huang B, Chen Y, Lu X, Wang Y. Inhibition of 
pancreatic lipase, α-glucosidase, α-amylase, and hypolipidemic 
effects of the total flavonoids from Nelumbo nucifera leaves. J 
Ethnopharm 2013;149:263-9. 

76. Kazmi I, Afzal M, Rahman S, Iqbal M, Imam F, Anwar F. 
Antiobesity potential of ursolic acid stearoyl glucoside by 
inhibiting pancreatic lipase. Eur J Pharm 2013;

77. Satouchi K
709:28-36. 

, Hirano K, Fujino O, Ikoma M, Tanaka T, Kitamura K. 
Lipoxygenase-1 from soybean seed inhibiting the activity of 
pancreatic lipase. Biosci Biotechnol Biochem 1998;62:1498-503. 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Habtemariam%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22978690�
http://www.ncbi.nlm.nih.gov/pubmed/22978690�
http://www.ncbi.nlm.nih.gov/pubmed?term=Shin%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=14709919�
http://www.ncbi.nlm.nih.gov/pubmed?term=Han%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=14709919�
http://www.ncbi.nlm.nih.gov/pubmed?term=Song%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=14709919�
http://www.ncbi.nlm.nih.gov/pubmed?term=Baek%20NI%5BAuthor%5D&cauthor=true&cauthor_uid=14709919�
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=14709919�
http://www.ncbi.nlm.nih.gov/pubmed/14709919�
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20YM%5BAuthor%5D&cauthor=true&cauthor_uid=24020412�
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20EW%5BAuthor%5D&cauthor=true&cauthor_uid=24020412�
http://www.ncbi.nlm.nih.gov/pubmed?term=Eom%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=24020412�
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20TH%5BAuthor%5D&cauthor=true&cauthor_uid=24020412�
http://www.ncbi.nlm.nih.gov/pubmed/24020412�
http://www.ncbi.nlm.nih.gov/pubmed/24020412�
http://www.ncbi.nlm.nih.gov/pubmed/24020412�
http://www.ncbi.nlm.nih.gov/pubmed?term=Sreerama%20YN%5BAuthor%5D&cauthor=true&cauthor_uid=22889371�
http://www.ncbi.nlm.nih.gov/pubmed?term=Takahashi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22889371�
http://www.ncbi.nlm.nih.gov/pubmed?term=Yamaki%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22889371�
http://www.ncbi.nlm.nih.gov/pubmed/22889371�
http://www.ncbi.nlm.nih.gov/pubmed/22889371�
http://www.ncbi.nlm.nih.gov/pubmed/22889371�
http://www.ncbi.nlm.nih.gov/pubmed?term=Tao%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23764446�
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23764446�
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23764446�
http://www.ncbi.nlm.nih.gov/pubmed?term=Cheng%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23764446�
http://www.ncbi.nlm.nih.gov/pubmed/23764446�
http://www.ncbi.nlm.nih.gov/pubmed?term=Ahn%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=22450131�
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=22450131�
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22450131�
http://www.ncbi.nlm.nih.gov/pubmed?term=Ahn%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=22450131�
http://www.ncbi.nlm.nih.gov/pubmed?term=Yoo%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=22450131�
http://www.ncbi.nlm.nih.gov/pubmed?term=Hwang%20BY%5BAuthor%5D&cauthor=true&cauthor_uid=22450131�
http://www.ncbi.nlm.nih.gov/pubmed/22450131�
http://www.ncbi.nlm.nih.gov/pubmed/22450131�
http://www.ncbi.nlm.nih.gov/pubmed/22450131�
http://www.ncbi.nlm.nih.gov/pubmed?term=Kwon%20OJ%5BAuthor%5D&cauthor=true&cauthor_uid=24002138�
http://www.ncbi.nlm.nih.gov/pubmed?term=Bae%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=24002138�
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20HY%5BAuthor%5D&cauthor=true&cauthor_uid=24002138�
http://www.ncbi.nlm.nih.gov/pubmed?term=Hwang%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=24002138�
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20EW%5BAuthor%5D&cauthor=true&cauthor_uid=24002138�
http://www.ncbi.nlm.nih.gov/pubmed?term=Ito%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24002138�
http://www.ncbi.nlm.nih.gov/pubmed/24002138�
http://www.ncbi.nlm.nih.gov/pubmed?term=Ferreira%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=21472649�
http://www.ncbi.nlm.nih.gov/pubmed?term=Gris%20EF%5BAuthor%5D&cauthor=true&cauthor_uid=21472649�
http://www.ncbi.nlm.nih.gov/pubmed?term=Rebello%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=21472649�
http://www.ncbi.nlm.nih.gov/pubmed?term=Correia%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=21472649�
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Oliveira%20LF%5BAuthor%5D&cauthor=true&cauthor_uid=21472649�
http://www.ncbi.nlm.nih.gov/pubmed?term=Filho%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=21472649�
http://www.ncbi.nlm.nih.gov/pubmed?term=Filho%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=21472649�
http://www.ncbi.nlm.nih.gov/pubmed?term=Filho%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=21472649�
http://www.ncbi.nlm.nih.gov/pubmed/21472649�
http://www.ncbi.nlm.nih.gov/pubmed/21472649�
http://www.ncbi.nlm.nih.gov/pubmed/21472649�
http://www.sciencedirect.com/science/article/pii/S0308814612014112�
http://www.sciencedirect.com/science/article/pii/S0308814612014112�
http://www.sciencedirect.com/science/article/pii/S1359511314003304�
http://www.sciencedirect.com/science/article/pii/S1359511314003304�
http://www.sciencedirect.com/science/article/pii/S1359511314003304�
http://www.sciencedirect.com/science/article/pii/S030881460801443X�
http://www.sciencedirect.com/science/article/pii/S030881460801443X�
http://www.sciencedirect.com/science/article/pii/S030881460801443X�
http://www.sciencedirect.com/science/article/pii/S0960894X1001886X�
http://www.sciencedirect.com/science/article/pii/S0960894X1001886X�
http://www.sciencedirect.com/science/article/pii/S0960894X1001886X�
http://www.sciencedirect.com/science/article/pii/S1074552113000380�
http://www.sciencedirect.com/science/article/pii/S1074552113000380�
http://www.sciencedirect.com/science/article/pii/S1074552113000380�
http://www.sciencedirect.com/science/article/pii/S0144861710003760�
http://www.sciencedirect.com/science/article/pii/S0144861710003760�
http://www.sciencedirect.com/science/article/pii/S0144861710003760�
http://www.sciencedirect.com/science/article/pii/S0144861710003760�
http://www.ncbi.nlm.nih.gov/pubmed?term=Uchiyama%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20627658�
http://www.ncbi.nlm.nih.gov/pubmed?term=Taniguchi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20627658�
http://www.ncbi.nlm.nih.gov/pubmed?term=Saka%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20627658�
http://www.ncbi.nlm.nih.gov/pubmed?term=Yoshida%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20627658�
http://www.ncbi.nlm.nih.gov/pubmed?term=Yajima%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20627658�
http://www.ncbi.nlm.nih.gov/pubmed/20627658�
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=19390166�
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20CT%5BAuthor%5D&cauthor=true&cauthor_uid=19390166�
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19390166�
http://www.ncbi.nlm.nih.gov/pubmed/19390166�
http://www.ncbi.nlm.nih.gov/pubmed/19390166�
http://www.ncbi.nlm.nih.gov/pubmed/19390166�
http://www.ncbi.nlm.nih.gov/pubmed?term=Kumar%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23363068�
http://www.ncbi.nlm.nih.gov/pubmed?term=Alagawadi%20KR%5BAuthor%5D&cauthor=true&cauthor_uid=23363068�
http://www.ncbi.nlm.nih.gov/pubmed/23363068�
http://www.sciencedirect.com/science/article/pii/S0031942212004918�
http://www.sciencedirect.com/science/article/pii/S0031942212004918�
http://www.sciencedirect.com/science/article/pii/S0378874113004546�
http://www.sciencedirect.com/science/article/pii/S0378874113004546�
http://www.sciencedirect.com/science/article/pii/S0378874113004546�
http://www.sciencedirect.com/science/article/pii/S0378874113004546�
http://www.ncbi.nlm.nih.gov/pubmed?term=Satouchi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=9757555�
http://www.ncbi.nlm.nih.gov/pubmed?term=Hirano%20K%5BAuthor%5D&cauthor=true&cauthor_uid=9757555�
http://www.ncbi.nlm.nih.gov/pubmed?term=Fujino%20O%5BAuthor%5D&cauthor=true&cauthor_uid=9757555�
http://www.ncbi.nlm.nih.gov/pubmed?term=Ikoma%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9757555�
http://www.ncbi.nlm.nih.gov/pubmed?term=Tanaka%20T%5BAuthor%5D&cauthor=true&cauthor_uid=9757555�
http://www.ncbi.nlm.nih.gov/pubmed?term=Kitamura%20K%5BAuthor%5D&cauthor=true&cauthor_uid=9757555�
http://www.ncbi.nlm.nih.gov/pubmed/9757555�

