Global Challenges/Chemistry Solutions 

Promoting Public Health
Combating disease . . . providing clean water and safe food . . . developing new sources of energy . . . confronting climate change.  Hello, from Washington, DC, this is “Global Challenges,” a special podcast from the American Chemical Society — whose 160,000 members make up the world’s largest scientific society.  Today’s headlines are a drumbeat of dilemmas that affect the everyday lives of people everywhere. “Global Challenges” takes you behind those headlines for eye-opening glimpses of how chemistry is responding to those challenges — improving and sometimes saving people’s lives.  You’ll hear the stories and meet the scientists whose discoveries are helping to make life longer, healthier, and happier for millions of people. Today’s global challenge in this ongoing saga of chemistry for life: Protecting the public health.  Some of these discoveries may rank among the important 2008 advances in public health when historians look back on the year. 
Extending Lifespan by 25 Years
That first precious cry of an infant.  It will happen about 4 million times in the New Year.  Parents in the United States will hear those precious sounds about once every eight seconds throughout 2009.  A newborn next year can look forward to living an average of 78 years. That’s nearly 30 years longer than children born a century ago. The U. S. Centers for Disease Control and Prevention — the CDC —estimates that about 25 years of that gain resulted from advances in public health.

Public health is the health of the population as a whole, rather than health considerations focusing on individual people. What were those life-extending public health advances?  CDC cited vaccination programs, better control of infectious diseases through improved sanitation and the development of antibiotics, better prenatal care, and safer workplaces, cars, and foods.


Whether the next 100 years will bring an equally dramatic increase in human lifespan is anyone’s guess.  But chemistry is playing a major — although often invisible — role in fostering continued improvements in public health in the 21st Century. 


These activities in protecting the health of the whole community of people range far afield.  And they involve multiple areas of science.  New methods for preventing, diagnosing, and treating infectious diseases that could trigger epidemics. Improved ways of safeguarding the supply of blood used for transfusion. “Green chemistry” that minimizes use and release of potentially toxic substances in industry. Confronting the challenge of antibiotic-resistant bacteria. And developing new vaccines.
The Value of Vaccines
Take vaccines, for example.  The CDC cited vaccination as one of the 10 great public health achievements of the 20th Century. Today, vaccines are available to prevent almost 30 different infectious diseases in children and adults.  Yet scientists are still struggling to develop vaccines against some of the most devastating human ailments.


We need a safer and more effective vaccine for tuberculosis, for instance, which causes almost 1.6 million deaths, mainly in developing countries.  There is no vaccine to prevent scourges like malaria — 2.7 million deaths annually — or AIDS — almost 2 million deaths each year.

Why? Because training the immune system to recognize most microbes and launch effective attacks on them is amazingly complicated.  That’s how vaccines work, and making a new vaccine requires almost as much art as science.
Taking the Ouch Out of Vaccination
Darrell Irvine, of the Massachusetts Institute of Technology, is among the scientists responding to that challenge. It’s the challenge of developing the next generation of life-saving vaccines. Dr. Irvine and his collaborators are using nanotechnology to make vaccine cargo containers. These packets are about 50,000 times smaller than the width of a human hair.  However, they can deliver walloping doses of the chemicals that signal the body to launch a protective immune response to infection.  Here is Dr. Irvine:
Nanomaterials, and in particular nanoparticles, are quite interesting because they offer the ability to deliver high concentrations of vaccine antigens to various tissue sites, and particularly to the lymphoid organs where immune responses get started. They can enable the co-delivery of other signals that the immune system needs to receive, because when you have an infection the immune system responds very effectively because of factors that are called danger signals that are present in pathogens. The immune system then recognizes there’s an antigen present and it needs to respond with a protective response. So nanomaterials give you the possibility to try to mimic the delivery of those signals both the antigen and these triggers that get the immune response going.
Invasion! Invasion!
Dr. Irvine reported on this work at the 236th ACS National Meeting in Philadelphia this past August.  He points to one in developing effective vaccines:  Getting blood cells known as dendritic cells to take up and process antigens.


Antigens are the molecules that warn the body, “Invasion! Invasion!” They are on disease-causing viruses, bacteria and even the pollen and mold spores that plague allergy suffers. Dr. Irvine’s nanoparticles do just that.  They process antigens. 
Better yet, these nanoparticles have the potential to take the sting out of being vaccinated.

You can use nanoparticles to carry antigens through oral delivery, something you take as a pill to give you a vaccine, or can you use particles to carry antigens safely through the skin so that for example you could have immunization through a patch instead of with a needle, which could give you some advantages to how you store vaccines in addition to how you deliver them. 



Developing vaccines that are stable at room temperature – unlike today’s vaccines that must be refrigerated – is critical.  Refrigeration is unavailable in many parts of the developing world, especially rural areas that lack electricity.  That makes vaccinations difficult.
Drugs vs. Bugs
Mention miracle drugs and people think, “penicillin.” Sir Alexander Fleming discovered penicillin in 1928.  In the 1940s, Howard Florey, Norman Heatley and Andrew Moyer turned Fleming’s scientific curiosity into a medical mainstay by developing technology for mass production of the drug.

Penicillin signaled a dramatic victory in the age-old war between humans and microbes. But that victory was fleeting.  By 1947, doctors began seeing the first signs of penicillin resistance in some bacteria. A new war had begun – drugs versus bugs.
It’s a growing problem. It has been with us since the beginning of antibiotics, but it’s gained steam over time as we use more and more antibiotics and as bacteria become more and more adaptable to their presence… So it’s a conundrum – we can’t live without antibiotics these days, nor do we want to, but on the other hand, the more we use them, the more we tend toward resistance towards them.


That was Lester Mitscher, a medicinal chemist at the University of Kansas.  His paper in the ACS’s Journal of Natural Products reviewed the multiple ways that chemists are meeting the challenge of antibiotic resistance. Mitscher points out that antibiotic resistance is a natural outcome of the same processes that drive evolution. 



Humans and microbes, after all, have lived together in a state of equilibrium for millions of years. In fact, we’ve made peace with many microorganisms that live in and on our bodies. Some actually are important for good health.  But the discovery of antibiotics upset that equilibrium.  Here is Dr. Mitscher:
This was actually a disaster for the bacteria. They die in enormous numbers, but we didn’t eradicate them – we didn’t expect to. But what we did is reset the equilibrium more in our favor. Well, they reproduce at a very rapid rate and they’re genetically very versatile.  And so what you have is co-evolution in action here. The bacteria have learned how to survive the effects of antibiotics, and they are now resetting the equilibrium point more in their favor. It hasn’t risen very high yet, but it’s risen more than we’re comfortable with, so we’ve become quite conscious of these problems lately. 

Bacteria Shrugging Off Antibiotics
Today, a spectrum of infections have become difficult to treat with antibiotics.  They include tuberculosis, pneumonia, and certain staph infections. Fortunately, scientists have a wealth of tools available that are allowing them to better understand how resistance arises.


John Blanchard and colleagues at the Albert Einstein College of Medicine are one example.  Reporting in the ACS journal Biochemistry, they described the molecular shape of a key enzyme that destroys several important antibiotics.  Earlier this year Xuan-Xian Peng and colleagues at Sun Yat-Sen University in the People’s Republic of China identified an entire network of proteins involved in bacterial resistance to the antibiotic streptomycin. Dr. Peng detailed this work in the ACS’s Journal of Proteome Research.
Two for One Antibiotics
Medicinal chemists can use those insights to identify new ways of attacking microbes where they are still vulnerable. For instance, Paul Charifson and colleagues at Vertex Pharmaceuticals, writing in the ACS’s Journal of Medicinal Chemistry, describe a new antibiotic that can strike not one, but two bacterial targets simultaneously. The targets are two distinct enzymes that bacteria need to make copies of their DNA before splitting into two identical cells. 


Just this summer, researchers at Forest Laboratories announced that a new cephalosporin antibiotic, named Ceftaroline, successfully treated serious skin infections caused by staph bacteria resistant to all other antibiotics. A week later, biochemist Shahriar Mobashery, of the University of Notre Dame, reported another advance in the Journal of the American Chemical Society. He described exactly how this new antibiotic works.  It attacks the protein that makes these bacteria resistant to other antibiotics. The antibiotic actually prevents bacteria from making their outer cell wall, causing them to die.

Supplying Life-saving Drugs to Sub-Saharan Africa
The challenges of infectious diseases are especially great in Sub-Saharan Africa, which faces epidemics of AIDS, tuberculosis (TB), malaria, and other diseases. While drugs are available in affluent Western countries to fight these deadly diseases, they are prohibitively expensive for many poor areas of the world. Here is Dr. Rolande R. Hodel of AIDSfreeAFRICA, a nonprofit organization that hopes to increase access to life-saving drugs in Sub-Saharan Africa:

Malaria, AIDS, and TB are still the big killers and let me tell you a couple of things that that are not widely known. For example, people don’t know that every day 8500 people die in sub-Saharan Africa due to lack of access to drugs. And what we also found out is that we have proof that these diseases are worse together than they are individually. So the death rate increases greatly for someone with malaria who then contracts HIV-AIDS and vice-versa. Furthermore, if we want to get serious about making an impact on these diseases, we have to increase the aid to Africa from the current .17 percent of the gross domestic product to .7 percent that the United Nations calculated is needed. We’re basically treating Africa like we’re buying a car tire and thinking we have the whole car. And then we have the tire and wonder that it’s not working. If there’s not enough money to do the job, then we shouldn’t be surprised it’s not working.


Dr. Hodel’s mission is also to empower Africans to become self-sufficient in producing these life-saving drugs. Her organization is currently supporting the development of Diamond Pharmaceuticals in Cameroon, a company that aims to reduce the cost of drugs in that country by packaging bulk generic drugs rather than importing the finished product.


This do-it-yourself drug packaging facility hopes to reduce the cost of needed drugs by as much as 25 percent. The company eventually plans to move into drug manufacturing, where it could reduce the cost by as much as 40 percent. Cheaper drugs could greatly boost needed supplies, ultimately saving lives among populations who need the drug the most.


In addition to its efforts in Cameroon, AIDSfreeAFRICA is hoping to expand its lifesaving-mission to other African countries, including Ghana and Rwanda.  Here again is Dr. Hodel:

“On top of my wish list is that we really need to add access to essential drugs as a basic human right to the other human rights we have. I want to share that my life has been enriched and changed in ways that I could have never predicted. I really want to encourage anyone and invite people to consider visiting or volunteering in Africa.”

Fighting Fake Drugs
Multiple drug resistance is one consequence of the widespread use of antibiotics.  Another is the result of greed and deceit — the rise of drug counterfeiters. Yes, scoundrels do make a living – a very good one by all accounts – by manufacturing and selling fake antibiotics and other medications.


Fake drugs are a chronic problem in many developing countries in South America, Africa, and Asia. Americans are by no means immune, with counterfeit drugs having been offered for sale on the Internet.  So how big a problem is drug counterfeiting?
The real answer is we honestly don’t know, because the first thing you need to do to know if this is a growing problem is to have more measurements... So you need to do surveys to tell what percentage of the drugs collected are fake. So I think that at the national level in the U.S., no it’s not growing, but that doesn’t include what you’re purchasing online. If you’re purchasing online, then all bets are off because you really don’t know who you’re buying from.



That was Facundo Fernandez, of the Georgia Institute of Technology. This analytical chemist is developing new ways for detecting counterfeit drugs. Dr. Ferandez highlighted the problems of drug counterfeiting in the ACS journal Industrial Engineering and Chemistry Research. In a talk at the ACS National Meeting in New Orleans this past April, he reported on a new test that he and his colleagues developed.  It can quickly detect fake Tamiflu, the mainstay medication for preventing and treating both bird flu and common influenza. 
Most people would agree that the conditions that a drug has to meet to be a good target for counterfeiters is that (a) it has to be in fairly high demand and (b) it has to be fairly expensive so the counterfeiting business can make a profit. Tamiflu is such a case with the fears of pandemic influenza there was a lot of scare and even many states were stockpiling Tamiflu. 

Testing With a Cell Phone


The new test relies on a method known as DESI-MS.  It can analyze samples of Tamiflu in less than a minute with very little sample preparation. The standard method of analysis can take up to an hour. DESI-MS may be useful for large-scale monitoring of drug quality.  However, it is not yet ready for consumer use.  So Dr. Fernandez is collaborating with Michael Green of the CDC, to develop a technology that would require a boxed testing kit and a cell phone.  So what about Dr. Green’s work?
He came up with a method where you will use your cell phone to check on the quality of your medicine. It’s based on simple chemistry. You do a colorimetric reaction, your drug with a given reagent will develop a certain color, and then you take a picture with your cell phone and then you process that picture through software that will measure the absorbance, and you can relate that to a calibration curve and you can know that your drug is not only genuine, but that it has the right amount of the active ingredients. 


We all live in the environment, and some of the most daunting public health challenges of the 21st Century involve environmental pollution. Confronting those challenges is a little-known group of researchers who combine science and detective work in a discipline known as environmental forensics.

Environmental forensics is related to the identification of contaminants in groundwater and in the environment in general and basically we’re looking for these compounds because it’s necessary to find out what the contamination is in the first place and then to figure out where it came from, who was responsible for it, how long its been there, whether or not it is degrading. In a lot of cases, the aim of all these investigations is to find out who’s responsible and who’s going to pay for the cleanup.

That was Paul Philp of the University of Oklahoma, who in August reported on his group’s work in identifying common groundwater contaminants at the ACS National Meeting in Philadelphia. 
In groundwater the types of chemicals that we’re looking at range from compounds such as MTBE – methyl tertiary butyl ether, which was used until recently as an oxygenate in gasoline; chlorinated solvents such as TCE, which are used at dry cleaning facilities and at military bases for cleaning engine parts and machinery; the BTEX compounds – benzene, toluene, ethylbenzene and xylene – which are the common contaminants that arise from gasoline. There are some pesticides that we look at that are in groundwater. There’s a wide range of compounds basically. 

Awash in Trash
While Dr. Philp is concerned about the fate of industrial chemicals, William Cooper at Florida State University is helping solve a potential health-related pollution problem that every one of us contributes to — municipal landfills. People in the United States produce more than 250 million tons of solid waste each year.  Most of that winds up in landfills.  Dr. Cooper explains:

Surprisingly enough, when our household wastes are put into a landfill and they degrade, and they exude a lot of very complicated chemicals that filter down through the waste and reach the bottom of the landfill… And indeed, it’s so concentrated in these materials that we can’t normally send it to a waste water treatment plant.

Using their skills as analytical chemists, Dr. Cooper and his colleagues analyze this dark, smelly contaminated liquid  — known as landfill leachate. This stuff leaches, or seeps, through piles of solid waste.  As reported at the August ACS National Meeting, his group uses the resulting information to invent a simple, low-cost process to break down the most worrisome substances in this potentially toxic liquid. This process uses ozone and ultraviolet radiation. And as Dr. Cooper explains:

The results have been very promising. What we’ve seen is that the combination of ozone and UV irradiation tends to remove a lot of the aromatic compounds in this mixture, and it’s the aromatic compounds that give this leachate its dark color. And an additional byproduct has been that these aromatic compounds are losing their color, but we’ve also been adding oxygen atoms to these molecules, and once you add oxygen to these molecules, it’s much easier for the microorganisms to degrade the compounds. 



In fact, this treatment works so well that the resulting liquid can then be sent safely to a standard waste water treatment plant. Problem solved.

Conclusion
Smart chemists.  Innovative thinking.  That’s the key to solving global challenges of the 21st Century. Today’s podcast was written by Joe Alper. Our editor is Michael Woods. I’m Adam Dylewski at the American Chemical Society in Washington.

