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Introduction


This project is one of an on-going series of chemical investigations regarding naturally occurring secondary compounds in the plant family Boraginaceae.  The objectives of this study were basically two fold. 


First, to collect samples from multiple indigenous populations of Macromeria viridiflora, plant family Boraginaceae, found in Arizona and New Mexico, and chemically analyze the pyrrolizidine alkaloid (PA) content of those samples.  Analysis of alkaloid diversity both between and within the two recognized subspecies of M. viridiflora, subspecies viridiflora and thurberi, was also proposed to occur.  This portion of the research relies heavily upon finding sufficiently large naturally occurring field populations of the plant and availability of gas chromatographic-mass spectrometric (GC-MS) instrumentation to perform these analyses.  


The second objective was to complete the separation, isolation, and structural elucidation of two previously observed less abundant novel pyrrolizidine alkaloids from M. viridiflora.  This portion of the research is predicated upon the results of nuclear magnetic resonance (NMR) and polarimetric instrumentation for the individual compounds.  

Results


Following is a description of the specific objectives that were met.

1.
Two trips were made to Arizona to collect Macromeria viridiflora samples.  The July trip resulted in collecting M. v. ssp. thurberi, RBK#327, material from Coconino County near Flagstaff, but was unsuccessful in collecting M. v. ssp. viridiflora from southeastern Arizona, even though multiple forays were made into both the Huachaca and Chiracahua Mountains ranges, Cochise County, based on literature and previously acquired herbarium based information.  The August trip resulted in collecting a literature proposed genetically intermediate population of M. viridiflora, RBK#451, from the Santa Catalina Mountain range, Pima County near Summerhaven, and a M. v. ssp. thurberi population, RBK#452, from the Mogollon Rim, Navajo County near McNary.  An unsuccessful search of the Santa Rita Mountain range, Santa Cruz County, for true M. v. ssp. viridiflora was also made.  During the August trip an investigation was also made into the M. viridiflora collections at the herbarium of the University of Arizona.  A recently graduated doctoral student, Dr. Amy Boyd now of Warren-Wilson College, NC, had worked on the pollination ecology of M. v. ssp. viridiflora from the southeastern Arizona.  Dr. Boyd has since then been contacted and has agreed to lend assistance.  Her knowledge of the exact locations of this subspecies will be invaluable in obtaining samples of this localized taxon.  Using this new location information for M. v. ssp. viridiflora, supplied by Dr. Boyd, it is anticipated that a single additional collecting trip will be made next summer, 2002, to complete the comparative PA profile analysis part of the study.  As an aside, three species from the genus Heliotropium, Boraginaceae, were also collected during these two trips from Texas, RBK#447-448, Oklahoma, RBK#449-450, and Arizona, RBK#453, respectively, for later alkaloid analysis.  All collected specimens are available for examination upon request.  

2. At the time this proposal was written in December 2000, professional research collaborations were presented as the means to accomplish these alkaloid analyses.  However, this proposal author was also the principle investigator of a funded NSF-MRI major research instrumentation chemistry proposal, #CHE-0116971, submitted in February, 2001, titled “Instrumentation to Investigate the Interface of Chemistry, Biology, and the Environment.”  This funded $100,000 proposal allows the Chemistry program to purchase both GC-MS and polarimeter instrumentation to permit analysis of these samples and facilitate structural elucidation of these compounds in-house.  Notification from NSF came at the end of June just prior to the beginning of the first 2001 collecting trip.  The GC-MS instrumentation has been purchased and is due to be installed at the end of this month.  The polarimeter instrument will be purchased in November with plans to have it here by December.  Additional monies from the Badgley Endowment Fund will be requested for the balance of the polarimeter cost.  NMR analysis is still currently accomplished via a collaboration with Dr. Heldur Hakk of the USDA Agricultural Research Service, Fargo, ND.  Though it is anticipated that an NSF proposal will be created by the Chemistry program in the near future for the acquisition of an NMR instrument.  

3. Separation, isolation, and partial structural elucidation of the two novel less abundant pyrrolizidine alkaloids from M. v. ssp. thurberi has occurred.  Tables of preliminary proton and carbon NMR data for the two major known and two minor novel PA compounds found in M. v. ssp. thurberi are attached (*see attached tables).  The NMR data established the unique structure of the two minor compounds, though a few inconsistencies still need to be addressed.  In-house polarimetric analysis on the soon to be purchased polarimeter will complete this part of the study. These new pyrrolizidine alkaloids will be trivially named macromerine and 3’-acetyl macromerine.

4. The preliminary results, as of early July, were presented at the 42nd annual meeting of the American Society of Pharmacognosy in Oaxaca City, Mexico, July 14th – 18th.  The title of the poster presentation was “Pyrrolizidine Alkaloids from Macromeria and Onosmodium.”  The meeting in Mexico was chosen for its geographic pertinence to the genus, the majority of species of Macromeria occur in Mexico, and the desire to initiate new collaborations with Mexican researchers (*see attached copies of the poster pieces).  The contents of the presented poster embody the main points of the study and will serve as the template for the planned late summer 2002 article to be submitted to the peer refereed international journal, Phytochemistry.

Conclusion and future work


Despite a wealth of herbarium based location information from a variety of sources, finding natural populations of Macromeria viridiflora, especially subspecies viridiflora, proved to be much more difficult than anticipated.  The extremely scattered and localized nature of the Macromeria populations combined with a finite amount of time available for the collecting part of the study thwarted my attempts to complete the alkaloid diversity and comparative profile parts of the study.  However, knowledge gained from the July trip resulted in some collecting successes for the August trip.  Additionally using new location information for M. v. ssp. viridiflora, supplied by Dr. Amy Boyd, it is anticipated that a single additional collecting trip will be made next summer, 2002, to complete this part of the study.


The recent acquisitions for the Chemistry program of both GC-MS and polarimetric instrumentation by this investigator will permit alkaloid analysis of these samples and facilitate structural elucidation of these compounds to occur in-house.  This will thusly decrease the turn around time from weeks to days for sample results once the plants are collected.


Structural elucidation of the two novel PA’s, macromerine and 3’-acetyl macromerine, is almost completed and ready for publication.  


Submission of an article to the peer refereed international journal, Phytochemistry, is planned for late summer 2002.  


Finally, through the new research collaborations made at the American Society for Pharmacognosy meeting, it is hoped that other Mexican species from the genus Macromeria will soon be investigated.

*All aforementioned paper attachments are on file at the Office of Research and Sponsored Programs with this report.

