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C10-GASTROPROTECTIVE EFFECT AND CYTOTOXICITY OF NATURAL AND SEMISYNTHETIC 

DITERPENE DERIVATIVES 
[Efecto gastroprotector y citotoxico de derivados sinteticos y semisinteticos diterpenicos ] 

Guillermo Schmeda-Hirschmann1, Jaime Rodríguez2 and Cristina Theoduloz2  
1Instituto de Química de Recursos Naturales, Universidad de Talca, Talca, Chile.  
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Plant diterpenoids and its semisynthetic derivatives have proved to display high potential as a source of 
templates for the development of bioactive compounds. Most of the studies looking for new compounds with 
therapeutic potential in South America started with ethnobotanical information or looking for analogues of active 
products found in other natural or synthetic sources. 
Jatrophone and jatropholones A and B are diterpenes occurring in the rhizomes of the crude drug “yagua rova” 
(Jatropha isabelli Muell. Arg., Euphorbiaceae). Ferruginol is an abietane diterpene that can be obtained from the 
wood and bark of the Andean Podocarpaceae Prumnopitys andina (Poepp. Ex Endl.) de Laub. Although 
belonging to different structural types, ferruginol, jatrophone and the jatropholones are very active 
gastroprotective compounds with remarkable effects on animal models of induced gastric lesions. To disclose 
some structure-activity trends in these molecules, series of derivatives were prepared and assessed in the HCl-
ethanol induced gastric lesion model in mice. All the compounds investigated were administered to the animals 
by gavage. The cytotoxicity of the compounds was determined towards human lung fibroblasts (MRC-5) and 
gastric adenocarcinoma epithelial cells (AGS). 
Some 16 semisynthetic derivatives from jatropholone A and B were prepared for the study. A dose-response 
experiment showed a clear difference in the effect of jatropholone A and B. At a single oral dose of 6 mg/kg, 
jatropholone B reduced gastric lesions by 65% while a 54% reduction of lesions was observed for jatropholone 
A at 100 mg/kg. The jatropholone B derivatives 9-14 and the compounds 15-18 were compared at a single oral 
dose of 25 mg/kg. The less active jatropholone A derivatives 2-7 were assessed at 100 mg/kg. A decrease in 
gastroprotective activity was observed both for the ether as well as for the ester derivatives of jatropholone B, 
compared with the parent compound presenting a free OH group at C-14. In the jatropholone A derivatives, the 
methyl and propyl ethers presented better gastroprotective effect than the natural product. Esterification of the 
phenolic OH reduced the gastroprotective effect.  The placement of an additional methyl group at C-2 led to 
stereochemistry selectivity loss and the methyl and propyl ether derivatives lack gastroprotective effect at 25 
mg/kg. The presence of an additional C3 alkyl chain at C-2 with either a methoxy or propoxy function at C-14 
did not statistically differ from each other. Jatropholone B was not toxic towards AGS cells and fibroblasts while 
jatropholone A was selectively active against AGS cells, with an IC50 value of 49 μM. In both series of 
jatropholone derivatives, a strong increase in the toxicity towards AGS cells was observed for the C-14 ether 
derivatives. Acetylation of the hydroxyl function at C-14 increased cytotoxicity. The cytotoxicity of C-2 methyl 
and propyl derivatives with either a methyl or propyl ether at C-14 were compared. While the methyl ether 
derivative was devoid of toxicity on both cell lines, the propyl ether proved to be cytotoxic with IC50 values of 
55.1 and 74.8 µM on fibroblasts and AGS cells, respectively. The present study shows the selective 
gastroprotective effect of the epimeric jatropholones, with a much higher effect for jatropholone B. The 
stereochemistry of the methyl group at C-2 play a role in preventing the gastric lesions in an animal model.  
The gastroprotective abietane diterpene ferruginol has been shown to present good gastroprotective effect but 
with high cytotoxicity. In order to obtain active compounds with less cytotoxicity, 18 ferruginol derivatives were 
prepared. The semisynthetic derivatives and the close related diterpene totarol were assessed for gastroprotective 
effect as well as for cytotoxicity in AGS cells and fibroblasts.   
At 20 mg/kg, the highest gastroprotective effect was provided by abieta-8,11,13-triene (1), abieta-8,11,13-trien-
12-yl-2-chloropropanoate (8), abieta-8,11,13-trien-12-yl propenoate (9), 12-(2,3,4,6-tetra-O-acetyl-β-D-
glucopyranosyloxy)-abieta-8,11,13-triene (17) and 12-(β-D-galactopyranosyloxy)-abieta-8,11,13-triene (18) 
being as active as the reference drug lansoprazole at 20 mg/kg and reducing gastric lesions by 69, 76, 67, 72 and 
61%, respectively. Compounds that showed highest cytotoxicity towards AGS cells were ferruginol (2), the 
corresponding formate (5), acetate (6), propionate (7), 8, 9, 12-(β-D-glucopyranosyloxy)-abieta-8,11,13-triene 
(16), 18 and totarol (20) (IC50: 18-44 μM). Ferruginol,  compounds 5-9, 16, 18 and 20 were the most toxic 
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compounds against fibroblasts (IC50: 19-56 μM). The derivative 19 was much more active against AGS cells 
than towards fibroblasts.  
The best activity/cytotoxicity ratio was found for the compound 17 with a lesion index comparable to 
lansoprazole at 20 mg/kg and a cytotoxicity > 1000 μM towards MRC-5 and AGS cells, respectively. In 
conclusion, some derivatives showed a better gastroprotective effect/cytotoxicity ratio than the parent compound 
ferruginol.  
Further studies including the variation of the bioactive constituents in the crude drugs under culture conditions 
will be of interest to provide support to the health care programs and to ensure sustainable exploitation of the 
natural resources. 
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