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Abstract: Obesity is an important cause of a panel of metabolic diseases, such as hypertension, hyperlipidemia,
arteriosclerosis, type 2 diabetes and various cancers. Discovery of anti-obesity agents has always been a hot spot in
the field of new drug research and development. Pancreatic lipase (PL, also named triacylglycerol acyl hydrolase),
a key enzyme responsible for the hydrolysis of 50%-70% dietary fats in the gastrointestinal system, which has been
recognized as a crucial target for the prevention and treatment of obesity. PL inhibitors can reduce the decomposi-
tion and absorption of dietary fat in the digestive organs by decreasing the hydrolytic activity of this key enzyme,
which can alleviate the symptoms of metabolic diseases such as obesity and hyperlipidemia. Although a potent PL
inhibitor (orlistat) has been marketed, it may trigger gastrointestinal side effects after long-term use. Therefore,
it is necessary to develop more new PL inhibitors with strong inhibition potency and safety. In recent years, a large
number of studies have found that some Chinese herbal extracts and their constituents can regulate lipid metabolism
and treat obesity via inhibiting PL. In this paper, the research progress in the field pancreatic lipase inhibitors, as well
as the extracts of Chinese herbs and their constituents with pancreatic lipase inhibitory effects were summarized.
Meanwhile, the PL inhibition activities and inhibitory mechanisms of herbal constitutes were also summarized
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systematically. In addition, the authors also highlight the challenges in this field and the future research directions.
All information and knowledge presented in this review will be very helpful for the medicinal chemists to find
more potent PL inhibitors from herbs or to develop next generation anti-obesity drugs, as well as helpful for the

prevention and treatment of obesity and other related metabolic diseases using herba medicines or related products.
Key words: pancreatic lipase; obesity; Chinese herb; natural component; inhibitor
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Table 1  The inhibitory effects of Chinese herbs against PL. PL: Pancreatic lipase. 4-MUO: 4-Methylumbelliferyl oleate; PPL: Porcine
pancreatic lipase; GT: Glyceryl tributyrate; PNPP: p-Nitrophenylpalmitate; PNPB: p-Nitrophenyl butyrate; DNPB: 2,4-Dinitrophenyl

butyrate; HPL: Human pancreatic lipase

Herb Substrate Enzyme IC./Ki/ug-mL™ Inhibition rate/% Ref.

Folium Nelumbinis 4-MUO PPL 28.00 - [33]
Rhizoma Curcumae Longae 4-MUO PPL 5.24 - [33]
Fructus Piperis Longi 4-MUO PPL 14.76 - [33]
Ramulus Mori 4-MUO PPL 4.78 - [33]
Cortex Mori 4-MUO PPL 3.41 - [33]
Herba Hyperici Perforati 4-MUO PPL 1.95 - [34]
Folium Ginkgo 4-MUO PPL 50.00 - [35]
PNPB PPL 16.50 - [36]

Folium Mori 4-MUO PPL 0.01 - [35]
Herba Centellae 4-MUO PPL 120.00 - [35]
Flos Carthami 4-MUO PPL - 67 [37]
- PPL 90.70 - [38]

Herba Solidaginis PNPB PPL 5.16 - [39]
Herba Potentillae Chinensis PNPB PPL 42.58 - [39]
Galla Chinensis PNPB PPL 56.90 - [39]
Folium Et Picrasmae Ramulus PNPB PPL 60.47 - [39]
Folium Passiflorae Coeruleae PNPP PPL 21.20 - [40]
Coscinium Fenestratum PNPL PPL 160.00 - [41]
Rhizoma Bergeniae 4-MUO HPL 3.40 - [42]
Cacumen Platycladi GT PPL 44.70 - [43]
Radix Puerariae Lobatae GT PPL 79.40 - [43]
Rhizoma Dioscoreae Nipponicae 4-MUO PPL 6.94 - [44]
Rhizoma Atractylodis - HPL 9.06 - [45]
Herba Lycopi - PPL 88.30 - [38]
Radix Trichosanthis - PPL 100.40 - [38]
Cortex Phellodendri Chinensis - PPL 135.70 - [38]
Oolong Tea 4-MUO PPL 0.91 - [46]
Black Tea 4-MUO PPL 0.90-1.30 - [47]
Herba Salvia Japonica Tributyrate PPL 94 - [48]
Taraxacum Officinale 4-MUO PPL 78.2 - [49]
Calyx Hibisci Sabdariffae 4-MUO PPL 35.8 - [50]
Folium Mentha Aquatica 4-MUO PPL 76 - [50]
Semen Punica Granatum 4-MUO PPL 109 - [50]
Pericarpium Tamarindus Indica 4-MUO PPL 152 - [50]
Folium Olea Europaea 4-MUO PPL 186 - [50]
Folium Rosmarini 4-MUO PPL 196 - [50]
Radix Et Rhizoma Salviae Miltiorrhizae DNPB PPL - 32.7 [51]
Uncis Cum Uncariae Ramulus DNPB PPL - 30.1 [51]
Rhizoma Rhei Et Radix DNPB PPL - 53.8 [51]
Spica Prunellae DNPB PPL - 74.7 [51]
Rhizoma Et Radix Polygoni Cuspidati DNPB PPL - 37.8 [51]
Herba Agrimoniae 4-MUO PPL - 64 [37]
Rhizoma Anemarrhenae 4-MUO PPL - 97 [37]
Radix Angelicae Pubescentis 4-MUO PPL - 93 [37]
Semen Arecae 4-MUO PPL - 96 [37]
Radix Asparagi Lucidi 4-MUO PPL - 59 [37]
Radix Astragali 4-MUO PPL - 81 [37]
Cortex Catalpae 4-MUO PPL - 67 [37]
Fructus Capsici 4-MUO PPL - 71 [37]
Rhizoma Coptidis 4-MUO PPL - 79 [37]
Herba Cucumis Sativus 4-MUO PPL - 69 [37]
Herba Epimedii 4-MUO PPL - 75 [37]
Fructus Evodiae 4-MUO PPL - 84 [37]
Radix Euchrestae 4-MUO PPL - 66 [37]
Cortex Eucommiae 4-MUO PPL - 91 [37]
Fructus Foeniculi 4-MUO PPL - 65 [37]
Rhyzoma Galanga 4-MUO PPL - 91 [37]

Fructus Gardeniae 4-MUO PPL - 62 [37]
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Continued

Herb Substrate Enzyme IC,,/K/ug-mL™* Inhibition rate/% Ref.
Herba Hyperici 4-MUO PPL - 65 [37]
Herba Isodonis 4-MUO PPL - 63 [37]
Calyx Kaki 4-MUO PPL - 56 [37]
Radix Kalopanax Pictus 4-MUO PPL - 78 [37]
Radix Linderae 4-MUO PPL - 81 [37]
Radix Lithospermi 4-MUO PPL - 73 [37]
Cortex Meliae 4-MUO PPL - 55 [37]
Folium Menthae 4-MUO PPL - 82 [37]
Cortex Myricae 4-MUO PPL - 99.6 [37]
Fructus Nandinae 4-MUO PPL - 97 [37]
Radix Paeniae 4-MUO PPL - 88 [37]
Radix Picrorhiza 4-MUO PPL - 65 [37]
Radix Polygalae 4-MUO PPL - 70 [37]
Herba Polygoni Avicularis 4-MUO PPL - 88 [37]
Suber Quercus Salicina 4-MUO PPL - 90 [37]
Radix Scutellariae 4-MUO PPL - 94 [37]
Herba Swertiae 4-MUO PPL - 66 [37]
Herba Tetragoniae 4-MUO PPL - 79 [37]
Herba Thujopsis Dolabrata 4-MUO PPL - 85 [37]
Pollen Typhae 4-MUO PPL - 84 [37]
Rhizoma Zedoariae 4-MUO PPL - 66 [37]
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Figure 1 Chemical structures of natural PL inhibitors from Cortex Mori
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Figure 2 Chemical structures of natural PL inhibitors from

Folium Mori
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Figure 3  Chemical structures of natural PL inhibitors from

Folium Ginkgo
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Figure 4 Chemical structures of natural PL inhibitors from Rhizoma Dioscoreae Nipponicae
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Figure 5 Chemical structures of natural PL inhibitors from

Rhizoma Atractylodis
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Figure 6 Chemical structures of natural PL inhibitors from Semen Aesculi
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Figure 7  Chemical structures of natural PL inhibitors from

Folium Nelumbinis
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Figure 8 Chemical structures of natural PL inhibitors from

Oolong Tea
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Figure 9 Chemical structures of natural PL inhibitors from
Black Tea
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Table 2 The inhibitory effects of herbal constituents against PL. f-NPM: #-Naphthyl myristate; PNPL: p-Nitrophenyl laurate

1C,, K; Inhibition

Herb No. Natural constituent Substrate  Enzyme jumol-L* fumol-L* type Ref.
Cortex Mori 1 Sanggenone C 4-MUO PPL 3.00 1.07 Mixed [60,61]
2 Sanggenone D 4-MUO PPL 0.77 0.43 Mixed
3 Kuwanon C 4-MUO PPL 4.47 1.67 Mixed
4 Kuwanon G 4-MUO PPL 4.85 3.50 Mixed
5 Morin 4-MUO PPL 20.56 - Mixed
6 Morusin 4-MUO PPL 9.94 - Mixed
7 Morusalfuran B PNPB PPL 039 - -
8 Morusalfuran C PNPB PPL 0.57 - -
9 Mulberrofuran W PNPB PPL 0.70 - -
10 Morusalfuran F PNPB PPL 0.48 - -
11 Morusalfuran G PNPB PPL 0.76 - -
12 Sanggenofuran A PNPB PPL 0.92 - -
13 MulberrofuranD PNPB PPL 0.09 - -
14 Morusalnol PNPB PPL 0.71 - -
15 Morusibene A PNPB PPL 0.85 - -
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Herb No. Natural constituent Substrate Enzyme ICa ) K, ) Inhibition Ref.
/umol-L* /umol-L™* type
Folium Mori 16 Kuwanon C PNPB PPL 18.60 - - [68]
17 7,2',4'-Trihydroxyflavanone PNPB PPL 56.40 - -
18 Wittifuran E PNPB PPL 63.00 - -
19 2-(3,5-Dihydroxyphenyl)-5,6- PNPB PPL 64.80 - -
dihydroxybenzofuran
20 Morusin N PNPB PPL 29.70 - -
21 Morusin C PNPB PPL 32.00 - -
22 Morunigrol C PNPB PPL 29.20 - -
23 Morachalcone A PNPB PPL 6.20 - -
Folium Ginkgo 24 Isoginkgetin 4-MUO PPL 2.90 0.81 Mixed [36,74]
25 Bilobetin 4-MUO PPL 3.57 1.26 Mixed
26 Ginkgetin 4-MUO PPL 6.90 2.16 Mixed
27 Sciadopitysin 4-MUO PPL 12.78 - -
28 Ginkgolide A PNPB PPL 56.07 - -
Rhizoma Dioscoreae 29 Dioscin 4-MUO PPL 23.01 - - [44]
Nipponicae 30 Diosgenin 4-MUO PPL 67.53 - -
31 Pro-sapogeninA 4-MUO PPL 2.49 - -
32 Pro-sapogeninC 4-MUO PPL 58.38 - -
Rhizoma Atractylodis 33 Atractylodin NMR/MS  PPL 39.12 - - [45]
34 1-(2-Furanyl)-7-nonene-3,5-diyne- NMR/MS  PPL 47.33 - -
1,2-diacetate
35 (3Z,5E,11E)-3,5,11-Tridecatriene- NMR/MS  PPL 39.91 - -
7,9-diyne-1-O-acetate
36 (32,5E,11E)-3,5,11-Tridecatriene- NMR/MS  PPL 77.97 - -
7,9-diyne-1,2-diacetate
37 4,6,12-Tetradecatriene-8,10-diyne- NMR/MS  PPL 55.67 - -
1,3-diacetate
38 (5E,11E)-1,5,11-Tridecatriene-7,9- NMR/MS  PPL 83.57 - -
diyne-3,4-diacetate
Semen Aesculi 39 Escin la 4-MUO PPL 42.43 - - [81]
40 Escin lla 4-MUO PPL 54.07 - -
41 Escin Ib 4-MUO PPL 21.22 - -
42 Escin 1lb 4-MUO PPL 12.71 - -
Folium Nelumbinis 43 Quercetin-3-0-p-D-arabinopyranosyl- 4-MUO PPL 66.86 - - [82,83]
(1—2)-p-D-galactopyranoside
44 Kaempferol-3-O-4-D-glucuronide 4-MUO PPL 94.00 - -
45 Quercetin B-NPM PPL 17.8 - -
46 Nuciferine B-NPM PPL 16.2 - -
Oolong Tea 47 (-)-Epiafzelechin 3-O-gallate 4-MUO PPL 2.58 - - [46]
48 (-)-Epicatechin 4-MUO PPL >20 - -
49 (-)-Epicatechin 3-O-gallate 4-MUO PPL 0.45 - -
50 (-)-Epicatechin 3-O-(3'-O-methyl) 4-MUO PPL 0.68 - -
gallate
51 (-)-Epigallocatechin 4-MUO PPL >20 - -
52 (-)-Epigallocatechin 3-O-gallate 4-MUO PPL 0.35 - -
53 (-)-Epigallocatechin 3,5-di-O-gallate 4-MUO PPL 0.10 - -
54 (-)-Epigallocatechin 3-O-p- 4-MUO PPL 0.89 - -
coumaroate
55 (+)-Catechin 4-MUO PPL >20 - -
56 (—)-Catechin 3-O-gallate 4-MUO PPL 0.54 - -
57 (+)-Gallocatechin 4-MUO PPL >20 - -
58 (-)-Gallocatechin 3-O-gallate 4-MUO PPL 0.44 - -
59 (-)-Gallocatechin 3,5-di-O-gallate 4-MUO PPL 0.21 - -
60 8-C-Ascorbyl-(-)-epigallocatechin 4-MUO PPL 7.96 - -
61 8-C-Ascorbyl-(-)-epigallocatechin 4-MUO PPL >20 - -
3-O-gallate
Black Tea 62 Theaflavin 4-MUO PPL 121 - - [47]
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Continued
Herb No. Natural constituent Substrate  Enzyme ICs K, Inhibition Ref.
/umol-L* /umol-L*? type
63 Theaflavin-3-O-gallate 4-MUO PPL 0.52 - -
64 Theaflavin-3'-O-gallate 4-MUO PPL 0.45 - -
65 Theaflavin-3,3'-O-gallate 4-MUO PPL 0.37 - -
66 (-)-Epigallocatechin gallate 4-MUO PPL 0.18 - -
67 (-)-Epicatechin gallate 4-MUO PPL 2.38 - -
Folium Forsythiae 68 Hesperidin PNPB PPL 52.4 - Competitive [84]
69 Kaempferol-3-O-rutinoside PNPB PPL 2.9 - Noncompetitive
Fructus Psoraleae 70 Isobavachalcone 4-MUO PPL 3.30 1.61 Mixed [86]
71 Bavachalcone 4-MUO PPL 5.73 3.77 Mixed
72 Corylifol A 4-MUO PPL 7.81 10.16 Mixed
73 Corylin 4-MUO PPL 27.15 - -
74 Bavachin 4-MUO PPL 29.55 - -
75 Bavachinin A 4-MUO PPL 17.15 - -
76 Bakuchiol 4-MUO PPL 84.18 - -
Herba Hyperici 77 Hypericin 4-MUO PPL 0.97 0.77 Mixed [34]
Perforati 78 Pseudohypericin 4-MUO PPL 0.94 1.01 Mixed
79 Protohypericin 4-MUO PPL 2.80 - -
80 Emodin anthrone 4-MUO PPL 2.18 - -
81 Hyperoside 4-MUO PPL 57.80 - -
82 Myricetin 4-MUO PPL 6.94 - -
83 Kaempferol 4-MUO PPL 54.22 - -
84 Luteolin 4-MUO PPL 3.43 - -
85 Apigenin 4-MUO PPL 2.99 - -
86 Quercetin 4-MUO PPL 13.15 - -
87 Amentoflavone 4-MUO PPL 9.94 - -
88 13,118-Biapigenin 4-MUO PPL 0.78 1.17 Mixed
89 Procyanidine 4-MUO PPL 3.14 - -
90 Astilbin 4-MUO PPL 44.42 - -
91 Neochlorogenic acid 4-MUO PPL 16.58 - -
Radix Et Rhizoma 93 Isoliquiritigenin PNPP PPL 7.3 - - [91]
Glycyrrhizae 94 3,3'4,4'-Tetrahydroxy-2-methoxychal- PNPP PPL 35.5 - -
cone
95 Licuroside PNPP PPL 14.9 - -
97 Isoliquiritin PNPP PPL 37.6 - -
Radix Scutellariae 98 Oroxylin A 4-MUO PPL 56.07 - - [92]
Herba Salvia Japonica 99 Carnosic acid Tributyrae  PPL 36 - - [48,83]
100 Carnosol Tributyrat  PPL 13 - -
101 Royleanonic acid Tributyrat  PPL 97.22 - -
102 7-Methoxyrosmanol Tributyrat  PPL 88.78 - -
Rubrum Citri 103 Hesperidin 4-MUO PPL 52.40 - - [93,94]
Exocarpium 104 Neohesperidin 4-MUO PPL 75.30 - -
Spica Prunellae 105 Hesperidin - PPL 50.8 - Competitive [95]
Radix Et Rhizoma 106 Ginsenoside Rg3 PNP PPL 42.93 - - [83,96]
Ginseng 107 Ginsenoside Rgl S-NPM PPL 21.8 - -
Pericarpium Citri 108 Nobiletin 4-MUO PPL 65.31 - - [97]
Reticulatae
Radix Actinidia Arguta 109 3-O-trans-p-Coumaroyl actinidic PNPB PPL 14.95 - - [98]
acid
110 Ursolic acid PNPB PPL 15.83 - -
111 2,3-Hydroxy-ursolic acid PNPB PPL 41.67 - -
112 Corosolic acid PNPB PPL 20.42 - -
113 Asiatic acid PNPB PPL 76.45 - -
114 Betulinic acid PNPB PPL 21.10 - -
Fructus Gardeniae 115 Crocin Triolein PPL 28.63 - - [99]

Folium Tecomastans 116 Luteolin DTNB PPL 63 - Mixed [100]
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