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Summary 
 

Inhibition of acetylcholinesterase is currently regarded as the leading strategy against 
Alzheimer's disease. In the present study, we aimed to screen the in vitro inhibitory activity 
of 8 naturally occuring terpenoid and coumarin derivatives (auraptene, diversin, diversolide 
D, farnesiferol A, galbanic acid, tschimgine, umbelliferone and umbelliprenin) from Ferula 
species together with 2 other related compounds (herniarin and 7-isopentenyloxycoumarin) at 
100 mM concentration against human erythrocyte acetycholinesterase using a modification of 
the Ellman method. The results showed that tschimgine was the most potent inhibitor of 
acetylcholinesterase (inhibition %: 63.5%) among the 10 tested compounds. However, the 
inhibitory activity of none of the tested compounds was comparable to that of galanthamine 
(inhibition %: 86.4%) which was used as the reference inhibitor. The esteric monoterpene, 
tschimgine, may be applied as a lead molecule for the design of anticholinesterase agents. 
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Introduction 
 
Alzheimer’s disease (AD) is a chronic, progressive and neurodegenerative disorder which is 
characterized by β-amyloid peptide deposition, neurofibrillary tangles accumulation, 
cognitive impairment and behavioral disturbances (1-3). AD is believed to be the most 
common cause of dementia among the elderly and is the fourth leading cause of death in 
western countries (4,5). Although several hypotheses have been put forward, the exact 
molecular etiology of this devastating disorder remains unknown. However, the cholinergic 
hypothesis is currently regarded as the most widely accepted theory for the pathophysiology 
of AD (6,7). This hypothesis is based on the reports about selective and profound loss of 
acetylcholine (Ach) synthesis in patients with AD (8). Hence, blocking the degradation of 
Ach by the use of acetylcholinesterase inhibitors (AchEIs) is a rational approach that would 
lead to the enhancement of cholinergic neurotransmission and increased availability of Ach in 
the synaptic cleft (9,10). In addition to the functional improvement of the central cholinergic 
synapses, elevation of AchE (EC 3.1.1.7) levels would also lead to the protection against 
neuronal degeneration, amyloid precursor protein modification and increased synthesis of 
neurotropic molecules (11). Therefore, the application of AchEIs has become the leading and 
most promising strategy for the treatment of AD. However, in spite of the efficacy of AchEIs 
for the treatment of mild to moderate AD, these drugs possess side effects such as 
hepatotoxicity and several gastrointestinal disorders (12-14).  

The genus Ferula (Apiaceae) comprises about 170 species occurring from central Asia 
westward throughout the Mediterranean region to northern Africa (15-17). The Iranian flora 
comprises of 30 species of Ferula, of which some are endemic (16,17). The plants of this 
genus are well documented as a good source of biologically active compounds such as 
sesquiterpene derivatives (18-22), and sulfur containing compounds (23,24). Several species 
of this genus have been used in traditional medicine as natural remedies (25), and have been 
reported by recent investigations for possessing diverse biological activities (26-32). There 
are also reports about the traditional application of some Ferula species for enhancing 
memory or treatment of neurological disorders and recently neuroprotective and 
anticholinesterasic activity have been reported for auraptene which is a prenylated coumarin 
found in the plants of this genus (25, 33-35). 

Given the above findings and considering the previously reported anticholinesterasic 
activity of some terpenoid and coumarin derivatives (36), we sought to screen the inhibitory 
activity of 8 naturally occuring occuring terpenoid and coumarin derivatives of Ferula 
species (umbelliprenin, auraptene, 7-isopentenyloxycoumarin, diversin, diversolide D, 
farnesiferol A, galbanic acid and tschimgine) together with 2 related compounds (herniarin 
and umbelliferone) against AchE to provide a base for the development of natural drugs for 
AD. 
 

Materials and Methods 
Chemicals 
5,5'-Dithio-bis(2-nitrobenzoic acid) (DTNB), acetylthiocholine iodide (ATCI), quinidine 
sulfate and galanthamine were purchased from Sigma; dimethyl sulfoxide and Hyamine® 
1622 were purchased from Merck and Rohm and Haas Company, respectively. 
 

Human erythrocyte AchE inhibition assay  
Red blood cell (RBC) AchE was used as the source of AchE. Blood samples (2 mL) were 
mixed with normal saline (8 mL) and then centrifuged for 5 minutes at 3000 g. After three 
times of centrifugation and washing, distilled water (6 mL) was added to 0.1 mL of the 
packed RBC to obtain the hemolysate.  



Pharmacologyonline 1: 566-574 (2010)                                          Karimi et al. 

 568

Inhibition of AChE was assessed by a modification of the colorimetric method of Ellman 
et al. (1961). Phosphate buffer (PH = 7.6, 3 mL) including DTNB (0.27 mM) and quinidine 
sulfate (0.02 mM), together with 100 µL of the test solution were added to 100 µL of the 
hemolysate. After incubation (5 minutes at 37°C), 100 µL of the ATCI solution (0.1 M) was 
added and then incubated again for 10 minutes at 37°C. The reaction was terminated by 
adding 1 mL of Hyamine® 1622 solution. The absorbance at 440 nm was measured 
spectrophotometrically (UV-1650PC, SHIMADZU). The inhibitory effect of test compound 
was calculated according to the formula: Inhibition (%) = [ODDMSO – (ODcompound – 
ODDMSO)]/ODDMSO × 100. 
 
Test compounds 
Chemical structures of the test compounds are illustrated in Fig. 1. Diversin and diversolide 
A were isolated from the roots of Ferula diversivittata as previously described (37). Galbanic 
acid and farnesiferol A were isolated from the roots of F. szowitsiana and F. persica, 
respectively, as previously described (21, 38). Auraptene, umbelliprenin, 7-
isopentenyloxycoumarin and herniarin were synthesized as described in our previous report 
(39). Umbelliferone was purchased from Merck. For the isolation of tschimgine, 500 g of the 
powdered roots of F. ovina were extracted by dichloromethane (3 L) using maceration 
method (36 h), yielding a residue (93 g). Part of the extract (21 g) was subjected to column 
chromatography on silica gel (5 × 60 cm) using petroleum ether:ethyl acetate (20:1) as an 
initial solvent with gradual increasing of solvent polarity up to 100% ethyl acetate. 
Tschimgine (1691 mg) was obtained as pure solid crystals from the column and its structure 
was confirmed by comparison of 1H and 13C NMR spectra as well as melting point value with 
those of a previous report (40).  
 

Statistical analysis 

Statistical analyses were performed using SPSS software (release 11.5, SPSS Inc., 2002). 
Normality of data was assessed by the Kolmogorov-Smirnov test. The results were expressed 
as mean ± SD. Group comparisons were made using Kruskal-Wallis test with Mann-Whitney 
U test for multiple comparisons. 
 

Results and Discussion 
 

The inhibitory activities of 10 naturally occuring terpenoid and coumarin derivatives against 
human erythrocyte AChE were studied for determining the rate of hydrolysis of 
acetylthiochoine in comparison with reference compound galanthamine using the modified 
method of Ellman et al. (41). The results are shown in Table 1 as percentages of inhibition. 
According to the results, tschimgine was found to be the most potent inhibitor of AchE 
among all tested compounds, though its inhibitory activity was not comparable to that of the 
reference inhibitor compound (galanthamine). On the other hand, herniarin, 7-hydroxy 
coumarin (umbelliferone) and auraptene showed lower inhibitory activities.   

Regarding the side effects of traditional AD drugs, discovery of novel AchEIs of natural 
origin and with less adverse effects and larger therapeutic index is of great clinical 
importance for treatment of AD. Currently, a well-known drug for AD (galanthamine) and 
another promising compound (huperzine A) have herbal origin. Besides, new 
anticholinesterases are continously being discovered in various plant species. 

In previous studies anticholinesterasic activity have been reported from some terpenoid 
and coumarin derivatives (36). For instance, ensaculin, a coumarin derivative, has been 
shown to exert a modest improvement in memory and cognitive function as well as positive 
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effects against progressive neurodegeneration in patients with AD (42). In a later study (5), 
three series of coumarin analogues with substituted phenylpiperazine functions were 
synthesized using ensaculin as parent compound and tested for their anti-cholinesterase 
activities. The authors stated that coumarins with substitution on positions 3 and/or 4 had 
parallel anti-AchE activities compared with the reference compound (Donepezil). In another 
study by Fallarero et al. (43), a coumarin derivative named coumarin 106, was shown to 
possess promising inhibitory activity against AchE. Therefore, it was suggested that this 
compound may serve as a suitable lead molecule. In addition to the aforementioned studies, 
there are several other reports on the AchE inhibitory activity of coumarin derivatives which 
make them promising candidates for the development of new drugs against AD (4, 44-49). 

In regard to the terpenoid derivatives, the most well-known compound is huperzine A 
which is a naturally occuring sesquiterpene alkalloid isolated from Huperzia serrata (50,51). 
This compound has been reported to be a potent and highly specific inhibitor of AchE and its 
efficacy has been confirmed in clinical trials (50, 52-55). While the potency of huperzine A 
has been found to be similar or superior to that of other AchEIs in use, its peripheral 
cholinergic side effects are minimal (55). 

There are also reports on the inhibitory activity of other terpenoid compounds. In a 
previous report, main terpenoid components of the tea tree oil were found to possess AchE 
inhibitory activity both individually and in the mixed form. However the inhibitory activity 
was more prominent in the mixed form which is possibly due to their synergistic activity 
(56). There have been also reports on the promising AchE inhibitory activity of some bicyclic 
monoterpenoides including (+)- and (−)-α-pinene, (+)-3-carene and (+)-3-sabinene (57,58). 
Besides, in two other studies, some terpenoid constituents of Salvia lavandulaefolia essential 
oil were reported to have inhibitory activity against human and bovine AchE (59,60), but 
their potencies were not comparable to those of standard anti-cholinesterases such as 
physostigmine and tacrine (59).  

In a previous report, in vitro and in vivo findings indicated that two natural components 
of some Ferula species namely Umbelliferone and ferulic acid act as competetive inhibitors 
of AchE. In addition, eugenol and limonene which are among volatile constituents of some 
Ferula species, were shown to inhibit AchE in a competitive–non-competitive and 
uncompetetive manner, respectively (61). Moreover, auraptene, which is a prenylated 
coumarin with diverse biological activities (synthesis) found in the Citrus and some Ferula 
species (21,22,62,63), has been shown to possess neuroprotective effect and also a mild 
inhibitory activity against AchE (34-36). However, in the present study we did not observe 
remarkable AchE inhibitory activity from auraptene or umbelliprenin. 

In conclusion, we indicated that the tested terpenoid and coumarin derivatives do not 
possess considerable AchE inhibitory activity except tschimgine, for which a relatively potent 
inhibitory activity was observed. Therefore, this compound could be regarded as a base for 
the design of strong acetylcholinesterase inhibitors. However, phytoestrogenic properties of 
this compound should be considered (64).   
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Fig. 1. Chemical structures of test compounds. 
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Table 1. Inhibitiory activities of tested compounds (100 µM) against human RBC AchE.  

Compound Inhibition (%) 

Tschimgine 63.5 ± 8.7*† 

Farnesiferol A 20.6 ± 8.2*† 

Galbanic acid 19.1 ± 6.0*† 

Diversolide D 19.0 ± 4.5*† 

Diversin 18.4 ± 6.2*† 

Umbelliprenin 17.5 ± 4.6*† 

7-isopentenyloxycoumarin 11.7 ± 3.4*† 

Herniarin 3.6 ± 4.5*† 

Umbelliferone 3.0 ± 3.5*† 

Auraptene 2.7 ± 3.6*† 

Galanthamine 86.4 ± 6.1 

* p < 0.001: comparison with galanthamine (as positive control); † p < 0.001: comparison 
with tschimgine. 

 
 
 

References 
 

1. Roberson MR, Harrell LE. Cholinergic activity and amyloid precursor protein metabolism. 
Brain Res Rev 1997; 25:50-69. 

2. Selkoe DJ. Alzheimer's disease: Genes, proteins, and therapy. Physiol Rev 81:741-766, 
2001. 

3. Terry Jr AV, Buccafusco JJ. The cholinergic hypothesis of age and alzheimer's disease-
related cognitive deficits: Recent challenges and their implications for novel drug 
development. J Pharmacol Exp Ther 2003; 306:821-827. 

4. Shen Q, Peng Q, Shao J, et al. Synthesis and biological evaluation of functionalized 
coumarins as acetylcholinesterase inhibitors. Eur J Med Chem 2005; 40:1307-1315. 

5. Zhou X, Wang XB, Wang T, Kong LY. Design, synthesis, and acetylcholinesterase 
inhibitory activity of novel coumarin analogues. Bioorgan Med Chem 2008; 16:8011-
8021. 

6. Shvaloff A, Neuman E, Guez D. Lines of therapeutics research in alzheimer's disease. 
Psychopharmacol Bull 1996; 32:343-352. 

7. Wilcock GK. Current approaches to the treatment of alzheimer's disease. 
Neurodegeneration 1996; 5:505-509. 

8. Weinstock M. Possible role of the cholinergic system and disease models. J Neural Transm 
1997; [Suppl] 49:93-102. 



Pharmacologyonline 1: 566-574 (2010)                                          Karimi et al. 

 572

9. Winkler J, Thal LJ, Gage FH, Fisher LJ. Cholinergic strategies for alzheimer's disease. J 
Mol Med 1998; 76:555-567. 

10. Grutzendler J, Morris JC. Cholinesterase inhibitors for alzheimer's disease. Drugs 2001; 
61:41-52. 

11. Giacobini E. Pharmacotherapy of alzheimer disease: New drugs and novel strategies. 
Prog Brain Res 1993; 98:447-454. 

12. Enz A, Amstutz R, Boddeke H, Gmelin G, Malanowski J. Brain selective inhibition of 
acetylcholinesterase: A novel approach to therapy for alzheimer's disease. Prog Brain Res 
1993; 98:431-438. 

13. Watkins PB, Zimmerman HJ, Knapp MJ, Gracon SI, Lewis KW. Hepatotoxic effects of 
tacrine administration in patients with alzheimer's disease. J Am Med Assoc 1994; 
271:992-998. 

14. Rogers SL, Farlow MR, Doody RS, Mohs R, Friedhoff LT. A 24-week, double-blind, 
placebo-controlled trial of donepezil in patients with alzheimer's disease. Neurology 1998; 
50:136-145. 

15. Evans WC. Trease and Evans’ Pharmacognosy, 13th ed. London: Bailliere Tindall, 
1989:205-206. 

16. Mozaffarian V. The Family of Umbelliferae in Iran-Keys and Distribution. Tehran: 
Research Institute of Forests and Rangelands Press, 1983:114-116. 

17. Mozaffarian V. A Dictionary of Iranian Plant Names. Tehran: Farhang-e Moaser, 
1996:228-230. 

18. Tamemoto K, Takais Y, Chen B, et al. Sesquiterpenoids from the fruits of Ferula 
kuhistanica and antibacterial activity of the constituents of F. kuhistanica. Phytochemistry 
2001; 58:763-767. 

19. Motai T, Daikonya A, Kitanaka S. Sesquiterpene coumarins from Ferula fukanensis and 
nitric oxide production inhibitory effects. J Nat Prod 2004; 67:432-436. 

20. Iranshahi M, Shahverdi AR, Mirjani R, Amin GR, Shafiee A. Umbelliprenin from Ferula 
persica roots inhibits the red pigment production in Serratia marcescens. Z Naturforsch 
2004a; 59 c:506-508. 

21. Iranshahi M, Arfa P, Ramezani M, et al. Sesquiterpene coumarins from Ferula 
szowitsiana and in vitro antileishmanial activity of 7-prenyloxycoumarins against 
promastigotes. Phytochemistry 2007; 68:554-561. 

22. Iranshahi M, Kalategi F, Rezaee R, et al. Cancer chemopreventive activity of terpenoid 
coumarins from Ferula species. Planta Med 2008a; 74:147-150. 

23. Iranshahi M, Amin G, Amini M, Shafiee A. Sulfur containing derivatives from Ferula 
persica var. latisecta. Phytochemistry 2003; 63:965-966. 

24. Iranshahi M, Amin G, Salehi-Sourmaghi MH, Shafiee A, Hadjiakhoondi A. Sulphur-
containing compounds in the essential oil of the root of Ferula persica Willd. var. persica. 
Flav Fragr J 2006; 21:260-261. 

25. Zargari A. Medicinal Plants [in Persian]. Vol. 2. Tehran: Tehran University Publications, 
1996:592-602. 

26. Sayyah M, Mandgary A. Anticonvulsant effect of Ferula gummosa root extract against 
experimental seizures. Iran Biomed J 2003; 7:139-143. 

27. Appendino G, Mercalli E, Fuzzati N, et al. Antimycobacterial coumarins from the 
Sardinian giant fennel (Ferula communis). J Nat Prod 2004; 67:2108-2110.  

28. Fatehi M, Farifteh F, Fatehi-Hassanabad Z. Antispasmodic and hypotensive effects of 
Ferula asafoetida gum extract. J Ethnopharmacol 2004; 91:321-324.  

29. Mandegary A, Sayyah M, Reza Heidari M. Antinociceptive and anti-inflammatory 
activity of the seed and root extracts of Ferula gummosa Boiss in mice and rats. Daru 
2004; 12:58-62.  



Pharmacologyonline 1: 566-574 (2010)                                          Karimi et al. 

 573

30. Dehghan G, Shafiee A, Ghahremani MH, Ardestani SK, Abdollahi M. Antioxidant 
potential of various extracts from Ferula szovitsiana in relation to their phenolic content. 
Pharm Biol 2007; 45:691-699.  

31. Iranshahi M, Fata A, Emami B, Shahri BMJ, Fazly Bazzaz, BS. In vitro antifungal 
activity of polysulfides-rich essential oil of Ferula latisecta fruits against human 
pathogenic dermatophytes. Nat Prod Commun 2008b; 3:1543-1546. 

32. Asili J, Sahebkar A, Fazly Bazzaz BS, Sharifi S, Iranshahi M. Identification of essential 
oil components of Ferula badrakema fruits by GC-MS and13C-NMR methods and 
evaluation of its antimicrobial activity. J Essent Oil-Bear Plants 2009; 12:7-15. 

33. Tabernaemontanus DIT. Kr¨ auterbuch, Johann Ludwig K¨ onig/Johann Brandm¨ uller, 
Basel, 1687. 

34. Miyazawa M, Tougo H, Ishihara M. Inhibition of acetylcholinesterase activity by 
essential oil from Citrus paradisii. Nat Prod Lett 2001; 15:205-210. 

35. Epifano F, Molinaro G, Genovese S, Ngomba RT, Nicoletti F, Curini M. Neuroprotective 
effect of prenyloxycoumarins from edible vegetables. Neurosci Lett 2008; 443:57-60. 

36. Loizzo MR, Tundis R, Menichini F, Menichini F. Natural products and their derivatives 
as cholinesterase inhibitors in the treatment of neurodegenrative disorders: an update. Curr 
Med Chem 2008; 15:1209-1228. 

37. Iranshahi M, Hosseini ST, Shahverdi AR, Molazade K, Khan SS, Ahmad VU. 
Diversolides A-G, guaianolides from the roots of Ferula diversivittata Phytochemistry 
2008c; 69:2753-2757. 

38. Iranshahi M, Amin G, Shafiee A. A new coumarin from Ferula persica. Pharm Biol 
2004b; 42:440-442. 

39. Askari M, Sahebkar A, Iranshahi M. Synthesis and Purification of 7-Prenyloxycoumarins 
and Herniarin as Bioactive Natural Coumarins. Iran J Basic Med Sci 2009; 12:63-69. 

40. Bagirov VYu, Serkerov SV, Mir-Babaev NF, Pimenov MG. Aromatic esters of Ferula 
dissecta. Khim Prir Soedin 1984; 1:113-114. 

41. Ellman GL, Courtney KD, Andres Jr V, Featherstone RM. A new and rapid colorimetric 
determination of acetylcholinesterase activity. Biochem Pharmacol 1961; 7:88-95. 

42. Weinstock M. Selectivity of cholinesterase inhibition: Clinical implications for the 
treatment of Alzheimer's disease. 1999; CNS Drugs 12:307-323. 

43. Fallarero A, Oinonen P, Gupta S, et al. Inhibition of acetylcholinesterase by coumarins: 
The case of coumarin 106. Pharmacol Res 2008; 58:215-221. 

44. Simeon-Rudolf V, Kovarik Z, Radić Z, Reiner E. Reversible inhibition of 
acetylcholinesterase and butyrylcholinesterase by 4,4'-bipyridine and by a coumarin 
derivative. Chem Biol Interact 1999; 14:119-120:119-127. 

45. Brühlmann C, Ooms F, Carrupt PA, et al. Coumarins derivatives as dual inhibitors of 
acetylcholinesterase and monoamine oxidase. J Med Chem 2001; 44:3195-3198. 

46. Kang SY, Lee KY, Sung SH, Park MJ, Kim YC. Coumarins isolated from Angelica 
gigas inhibit acetylcholinesterase: structure–activity relationships. J Nat Prod 2001; 64:683-

685. 
47. Urbain A, Marston A, Hostettmann K. Coumarins from peucedanum ostruthium as 

inhibitors of acetylcholinesterase. Pharm Biol 2005; 43:647-650. 
48. Di Giovanni S, Borloz A, Urbain A, et al. In vitro screening assays to identify natural or 

synthetic acetylcholinesterase inhibitors: thin layer chromatography versus 
microplatemethods. Eur J Pharm Sci 2008; 33:109-119. 

49. Piazzi L, Cavalli A, Colizzi F, et al. Multi-target-directed coumarin derivatives: HAChE 
and BACE1 inhibitors as potential anti-alzheimer compounds. Bioorg Med Chem Lett 
2008; 18:423-426. 



Pharmacologyonline 1: 566-574 (2010)                                          Karimi et al. 

 574

50. Ma X, Tan C, Zhu D, Gang DR, Xiao P. Huperzine A from Huperzia species – an 
ethnopharmacological review. J Ethnopharmacol 2007; 113:15-34. 

 
51. Salminen A, Lehtonen M, Suuronen T, Kaarniranta K, Huuskonen J. Terpenoids: Natural 

inhibitors of NF-κB signaling with anti-inflammatory and anticancer potential. Cell Mol 
Life Sci 2008; 65:2979-2999. 

52. Jiang YB, Huang SS, Huang LA. Improvement of huperzine A on the deficiency of 
cognitive and behavior in Alzheimer's disease. Clin Med China 2002; 18:802-803. 

53. Zhang Z, Wang X, Chen Q, Shu L, Wang J, Shan G. Clinical efficacy and safety of 
huperzine alpha in treatment of mild to moderate Alzheimer disease, a placebo-controlled, 
double-blind, randomized trial. Zhonghua Yi Xue Za Zhi 2002; 82:941-944. 

54. Kuang MZ, Xiao WM, Wang SF, Li RX. Clinical evaluation of huperzine A in improving 
intelligent disorder in patients with Alzheimer's disease. Chin J Clin Rehabil 2004; 8:1216-
1217. 

55. Wang R, Tang XC. Neuroprotective effects of huperzine A. A natural cholinesterase 
inhibitor for the treatment of Alzheimer's disease. Neurosignals 2005; 14:71-82. 

56. Miyazawa M, Yamafuji C. Inhibition of acetylcholinesterase activity by bicyclic 
monoterpenoids. J Flav Fragr 2006; 21:198-201. 

57. Miyazawa M, Yamafuji C. Inhibition of acetylcholinesterase activity by bicyclic 
monoterpenoids. J Agric Food Chem 2005; 53:1765-1768. 

58. Menichini F, Tundis R, Loizzo MR, et al. Acetylcholinesterase and butyrylcholinesterase 
inhibition of ethanolic extract and monoterpenes from pimpinella anisoides V Brig. 
(Apiaceae). Fitoterapia  2009; 80:297-300. 

59. Perry NSL, Houghton PJ, Theobald A, Jenner P, Perry EK. In-vitro inhibition of human 
erythrocyte acetylcholinesterase by salvia lavandulaefolia essential oil and constituent 
terpenes. J Pharm Pharmacol 2000; 52:895-902. 

60. Savelev S, Okello E, Perry NSL, Wilkins RM, Perry EK. Synergistic and antagonistic 
interactions of anticholinesterase terpenoids in salvia lavandulaefolia essential oil. Pharm 
Biochem Behav 2003; 75:661-668. 

61. Kumar P, Singh VK, Singh DK. Kinetics of enzyme inhibition by active molluscicidal 
agents ferulic acid, umbelliferone, eugenol and limonene in the nervous tissue of snail 
lymnaea acuminata. Phytother Res 2009; 23:172-177. 

62. Borisov VN, Ban'kovskii AI, Sheichenko VI, Kabanov VS. Auraptene from Ferula 
microloba. Chem Nat Comp 1976; 10:672.  

63. Barthomeuf C, Lim S, Iranshahi M, Chollet P. Umbelliprenin from Ferula szowitsiana 
inhibits the growth of human M4Beu metastatic pigmented malignant melanoma cells 
through cell-cycle arrest in G1 and induction of caspase-dependent apoptosis. 
Phytomedicine 2008; 15:103-111.  

64. Ikeda K, Arao Y, Otsuka H, Nomoto S, et al. Terpenoids found in the umbelliferae family 
act as agonists/antagonists for ERα and ERβ: Differential transcription activity between 
ferutinine-liganded ERα and ERβ. Biochem Biophys Res Commun 2002; 291:354-360. 

 


