RESVERATROL ANTIOXIDANT KILLS
PANCREATIC CANCER CELLS

MARCH 27, 2008

Rochester resear chers showed for thefirst timethat a natural antioxidant found in
grape skinsand red wine can help destroy pancreatic cancer cells by reaching tothe
cell's core energy source, or mitochondria, and crippling itsfunction. The study is
published in the March edition of the journal, Advancesin Experimental Medicine
and Biology.

The study also showed that when the pancreatic cancer cells were doubly assaulted
— pre-treated with the antioxidant, resveratrol, and irradiated — the combination
induced atype of cell death called apoptosis, an important goal of cancer therapy.

The research has many implications for patients, said lead author Paul Okunieff,
M.D., chief of Radiation Oncology at the James P. Wilmot Cancer Center at the
University of Rochester Medical Center.

Although red wine consumption during chemotherapy or radiation treatment has
not been well studied, it isnot " contraindicated,” Okunieff said. In other words, if a
patient already drinksred wine moderately, most physicians would not tell the
patient to giveit up during treatment. Perhaps a better choice, Okunieff said, would
betodrink asmuch red or purplegrapejuice asdesired.

The resear ch suggestsresveratrol not only reachesitsintended target, injuring the
nexus of malignant cells, but at the same time protects nor mal tissue from the
harmful effects of radiation.

" Antioxidant research isvery active and very seductiveright now," Okunieff said.
"Thechallengeliesin finding the right concentration and how it worksinside the

cell. In this case, we've discover ed an important part of that equation. Resver atr ol
seemsto have a therapeutic gain by making tumor cells more sensitive to radiation
and making normal tissue less sensitive.”

Resveratrol isknown for itsability to protect plants from bacteria and fungi.
Purified versions have been described in scientific jour nals as potential anti-cancer,
anti-inflammatory and anti-ather ogenic agents, and for their ability to modulate cell
growth. Other well-known antioxidants derived from natural sourcesinclude
caffeine, melatonin, flavonoids, polyphenols, and vitamins C and E.

A flurry of antioxidant studiesin recent years has not proven how and why they
work at the cellular level. At the suggestion of a young scientist in hislab, Okunieff
began studying resveratrol asatumor sensitizer. That'swhen they discovered its
link to the mitochondria.

Thediscovery iscritical because, like the cell nucleus, the mitochondria containsns



itsown DNA and hasthe ability to continuously supply the cell with energy when
functioning properly. Stopping the ener gy flow theor etically stops the cancer.

Resear chersdivided pancreatic cancer cellsinto two groups: cellstreated without
resveratrol, or with resveratrol, at arelatively high dose of 50 mg/ml, in
combination with ionizing radiation. (Theresveratrol concentration in red wine can
be as high as 30 mg/ml, the study said, and higher doses ar e expected to be safe as
long as a physician ismonitoring.)

They evaluated the mitochondria function of the cellstreated with resveratrol, and
also measur ed apoptosis (cell death), the level of reactive oxygen speciesin the cells,
and how the cell membranesresponded to the antioxidant.

L aboratory experiments showed that resveratrol:

* Reduced thefunction of proteinsin the pancreatic cancer cell membranesthat

areresponsible for pumping chemotherapy out of the cell, making the cells chemo-
sensitive.

* Triggered the production of reactive oxygen species (ROS), which are substances

circulating in the human body that have been implicated in a number of diseases:
when ROS isincreased, cellsburn out and die.

* Caused apoptosis, which islikely theresult of increased ROS.

* Depolarized the mitochondrial membranes, which indicates a decreasein the

cell's potential to function. Radiation alone does not injure the mitochondrial
membrane as much.

The team also wanted to investigate why pancreatic cancer cells seem to be
particularly resistant to chemotherapy. The pancreas, a gland located deep in the
abdomen, producesinsulin and regulates sugar, and pumps or channels power ful
digestive enzymesinto the duodenum. This natural pumping process, however, ends
up ridding the needed chemotherapy from cellsin the pancreas. But just as
resveratrol interfereswith the cancer cells energy source, it also may decrease the
power available to pump chemotherapy out of the cell.

"While additional studies are needed,” Okunieff said, " thisresear ch indicates that
resveratrol hasa promising future aspart of thetreatment for cancer.”

In the samejournal, Okunieff and his group also reviewed why resveratrol protects
normal tissue, and found that antioxidants can be designed to take advantage of
certain biochemical propertiesor cellular targets, making them more effective.
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