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Abstract: Salvia miltiorrhiza Bunge extract was investigated for the first time for its inhibitory 

activity against pancreatic lipase (PL) an important enzyme involved in the digestion of dietary fats. 

It showed a concentration-dependent activity with an IC50 value of 3.54 ± 0.22 mg/mL. Two 

compounds, cryptotanshinone and tanshinone IIA (the major lipophilic constituents of S. 

miltiorrhiza), have been selected as potential ligands of PL. Cryptotanshinone showed a higher 

lipase inhibitory activity (IC50 = 6.86 ± 0.43 µg/ml) compared to the parent tanshinone IIA. 

Molecular docking studies were undertaken to establish whether a direct interaction of the principal 

constituents of the S. miltiorrhiza extract with the human pancreatic lipase could be evoked. All 

these findings provided new insights into the understanding of the interactions between natural 

constituents of S. miltiorrhiza extract and PL, also suggesting that cryptotanshinone could be used 

as lead compound for the development of efficacious PL inhibitors. 
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Experimental 

 

Material and chemicals 

Lipase from porcine pancreas, p-nitrophenyl caprilate (NPC), kaempferol, tanshinone IIA 

and cryptotanshinone were purchased from Sigma-Aldrich Co. (Milan, Italy). Salvia miltiorrhiza 

Bunge root dried extract (E.S. 1% tanshinones, lot:  02163006) was obtained from New Phargam 

S.R.L. (Milan, Italy). Other chemical reagents (analytical grade) were purchased from VWR 

International (Italy).  

 

Lipase inhibitory activity assay 

S. miltiozzhiza extracts and pure compounds were tested for their anti-obesity potential 

through the evaluation of their ability to inhibit pancreatic lipase. The enzyme activity was 

measured using p-nitrophenyl caprylate (NPC) as a substrate, as previously reported (Conforti et al, 

2012). Samples (concentrations ranging from 16 to 7500 µg/ml for plant raw extract and from 0.195 

µM to 12.5 µM for pure compounds) were incubated at 37 °C in the presence of the enzyme 

solution (1 mg/mL in water), NPC solution (5 mM) and Tris-HCl buffer (pH = 8.5). After 25 

minutes absorbance was measured at 412 nm. Experiments were performed in triplicate and rutin 

was used as reference compound. 

 

Molecular docking 

Molecular docking was performed on the crystallographic structures of HPL, corresponding 

to the entry 1LPB (Egloff et al., 1995) in the Protein Data Bank (PDB). Molecular structures of 

Tanshinone IIA (1), Cryptotanshinone (2) and the agliconic portion of Rutin (Quercetin, 3), were 

built by using the modeling software Avogadro. Docking calculations were performed by using 

AutoDock Vina 1.1.2 (Trott and Oll, 2010). Preliminary conversion of the structures from the PDB 

format was performed by using the graphical interface AutoDock Tools 1.5.6 (Morris et al., 2009). 

During the conversion, polar hydrogens were added for the crystallographic enzymes, and apolar 

hydrogens of compounds 1-3 were merged to the carbon atom they are attached to. Compounds 1 

and 2 do not have active torsion, and molecular docking consisted by pure roto-translations of both 

molecules, whereas full flexibility was given for compound 3 that has six rotatable bonds (five 

hydroxyls, plus the bond connecting the phenol moiety to the rest of the molecule). A single 



simulation run was carried out in each case at very high exhaustiveness, 16 times larger than the 

default value (Grande et al., 2018) Ligand interactions were evaluated using MOE 2018 (Molecular 

Operating Environment (MOE), 2013.08; Chemical Computing Group ULC, 1010 Sherbooke St. 

West, Suite #910, Montreal, QC, Canada, H3A 2R7, 2018). 

 

Statistics 

Biological tests have been performed in triplicate and data have been expressed as mean ± 

S.E.M. D'Agostino-Pearson's K2 test was used for assessing normality of data and Levene’s test for 

homogeneity of variances. Raw data were then fitted through nonlinear regression in order to 

deduce the IC50 parameter (Graph-Pad Prism Software, San Diego, CA, USA). 

Statistical differences between the control and treated groups were tested by one-way 

ANOVA, followed by Dunnett's multiple comparison test. Statistical significance of differences 

between cryptotanshinone treated group mean and the two positive controls rutin and orlistat was 

estimated by t-test (P ≤ 0.001, Sigma Stat Software, Jantel Scientific Software, San Rafael, CA). 
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Table S1. Inhibition of pancreatic lipase induced by tanshinones from S. miltiorrhiza. 

Sample IC50 (μM) 

Cryptotanshinone 6.860 ± 0.43 *** 

Tanshinone IIA n.d. 

Rutin 163.000 ± 7.24 

Orlistat 0.036 ± 0.002 
Data are expressed as mean ± S.E.M. (n=3). Rutin was chosen as natural reference compound. Orlistat was used as 

positive control. The statistical difference between cryptotanshinone and both rutin and orlistat was determined by t-test 

(***P < 0.001). 

 

 

 

 

 

Table S2. Binding energies for 1, 2, 3 complexed with HPL. Energetic evaluation is performed by 

using the scoring function of AutoDock Vina [Trott and Oll, 2010] exploring the whole receptor 

(volume-search on the protein structure). 

 

 

 

 

 

 
Fig. S1. Pancreatic lipase inhibition activity of S. miltiorrhiza extract. Data were expressed as means ± S. E. (n = 3).  

Mean values of samples showing significant difference from the control was denoted with * p < 0.05, ** p < 0.01, *** p 

< 0.001 in one-way ANOVA followed by Dunnett's test. 

 
 

PDB Entry Binding Energy  

(kcal/mol) 

1LPB 1 2 3 

-10.9 -11.1 -9.9 



 

Fig. S2. Chemical structures of Tanshinone IIA (1), Cryptotanshinone (2) and rutin (3). 

 


