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I ts cultivation may be ancient – dating 
as far back as 5000 years ago – but 
cotton, and its characteristically soft, 

downy fibres, could be just what modern 
medicine has been waiting for.

Believed to have first been grown in the 
Indus Valley of current-day Pakistan and 
India, cotton is a favourite fibre in terms of 
its innate softness, breathability, and agro-
nomic abundance. Nothing wicks moisture 
away better on a steamy day. No other 
fabric feels as naturally smooth and airy 
against the skin.

And now, thanks to research done by an 
ARS chemist in New Orleans, Louisiana, 
this fabric basic is poised to help address 
one of healthcare’s most costly medical 
conditions – debilitating chronic wounds.

An increasing concern
Chronic open wounds – also known as 

‘bedsores’ or ‘pressure ulcers’ – are a pain-
ful and sometimes fatal condition afflicting 
millions of people worldwide. Sufferers of 
these hard-to-heal wounds mostly include 
elderly patients restricted to hospital beds 
or wheelchairs and diabetics beset by cir-
culation problems.

Brought about by the constant pressure 
of lying on a stationary surface, painful ul-
cers can involve substantial skin loss, some-
times exposing muscle and even bone.

The annual healthcare costs in the 
US alone associated with treating these 
wounds, are estimated to exceed $7 bil-
lion. This figure is expected to grow by as 
much as 10 per cent annually as the na-
tion’s population ages and the incidence 
of pressure ulcers increases.

And while several products are currently 
on the market for treating chronic wounds, 
there’s vast opportunity for improvement, 
says ARS chemist Vince Edwards. “That’s 
largely because of ongoing advances in 
the medical community’s understanding of 
wound physiology,” he says, “coupled with 
a recent growth in innovative textiles.”

Vince’s research is perfect evidence of 
how these two worlds are merging. Weav-
ing together a keen interest in wound 
medicine and an expert knowledge of cot-
ton chemistry, Vince has already invented 

a novel wound dressing that could reach 
hospitals and nursing homes in the next 
couple of years.

But that’s not all. Cotton fibres in Vince’s 
lab, located at the agency’s Southern Re-
gional Research Center in New Orleans, 
are being spun into all kinds of medically 
promising materials. The inventive chem-
ist and his group are creating an array of 
valuable medical products that can halt 
bleeding, soothe burns, fight microbes, 
and more – all from farm-grown cotton.

A bandage with a brain
One technology that’s inching ever clos-

er to the marketplace is a wound dressing 
Vince and his group developed that tar-
gets destructive enzymes called proteases 
which collect in chronic wounds.

In most chronic wounds, the problem’s 
not that the body has a deficient immune 
system – it’s, ironically, that the body’s 

natural defenses are labouring in over-
drive, dispatching too many ‘foot soldiers’ 
to break down dead and dying tissue.

Having enough of these enzyme-pro-
ducing armies, or structures called ‘neu-
trophils’, is critical to healing. But too 
many can jam up the process, leaving it 
locked in a vicious, harmful inflammatory 
cycle.

Vince’s dressing, licensed by Tissue 
Technologies in Richmond, Virginia, 
was the first bandage of its kind with the 
proven ability to sop up excess protease. 
Tissue Technologies president Kel Cohen 
says the dressing, which was approved by 
the US Food and Drug Administration in 
2006, now has a manufacturer and mar-
keter. A major goal is to introduce the 
product to the Veterans Administration 
system, where it could have significant im-
pact.

Vince hopes the dressing will be a cost-
effective alternative to similar dressings 
currently available. “Especially,” he says, 
“since we’ve found it’s even better at se-
questering protease than a comparable 
wound dressing currently in production.”

In a recent study in the Journal of Bio-
medical Materials Research, Vince details 
how his bandages curtail protease activity 
40 to 80 per cent more effectively than 
untreated cotton wound dressings do.

And based on recent investigations, Vince 
believes the cotton dressing may not only be 
suppressing overzealous enzyme-producing 
neutrophils, but it may also be recruiting 
protein-building macrophages, which are 
necessary for proper skin healing.

So how does an ordinary cotton band-
age accomplish such healing magic? 
“It’s simply a matter of attraction,” says 
Vince. He discovered that when negatively 
charged phosphoric acid is incorporated 
into cotton fibres, the dressing is able to 
pull positively charged proteases up and 
away from a wound.

Not your ordinary bedsheet
As with most medical conditions, a real 

reduction in health-care costs is best re-
alised through prevention. The same ap-
plies to pressure ulcers, says Vince. They 
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The touch, the feel –  
and now, the heal – of cotton

By Erin Peabody, Agricultural Research Service – USDA

Chemist Phyllis Howley measures blood-
clotting properties on modified cotton 
fabrics while chemist Vince Edwards 

studies the resulting image analysis on a 
nearby computer screen. (Photo by Peggy Greb)
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become much more difficult to treat once 
they reach an advanced stage.

Specially engineered foam mattresses 
are one treatment alternative. Now, im-
proved bedsheets are being designed to 
be compatible with that technology. When 
woven from the smoothest of cotton fi-
bres, they might even prevent pressure 
sores from forming in the first place.

“There’s a lot of potential in this field,” 
says Vince, “as hospital sheets haven’t 
changed much in the last 100 years.” He’s 
exploring how to best reduce the two forc-
es that play a major role in pressure ulcer 
development – friction and shear.

The slightest motion of a patient in bed 
creates friction between skin and sheets 
and results in loss of cells from the skin’s 
outermost layer. Pressure and gravity 
– which might result, for instance, when 
a patient sits up in bed – create additional 
shear forces that compound cell loss.

To blunt their cumulative rub, Vince and 
his group are developing super-smooth, 
wrinkle-free cotton sheets that can also bat-
tle microbes. And shrimp, oddly enough, 
can be thanked for this added benefit. The 
shells of these small crustaceans are com-

posed of a unique carbohydrate, chitosan, 
that’s a natural microbe fighter.

Since medical-based protocols don’t yet 
exist for evaluating a bedsheet’s perform-
ance, the team is relying on tests devel-
oped by the high-end garment industry to 
measure the sheeting material’s smooth-
ness, feel, and tendency to wrinkle.

“Eventually, we’re looking at creating 
a multilayered sheeting system,” Vince 
says. “It would be made of a porous layer 
to address low levels of moisture, a more 
absorbent layer for higher levels of mois-
ture, and a core layer for absorbing fluids 
such as urine.” Absorbency properties in 
the fabric help keep the skin dry and cool, 
providing further protection against fric-
tion and shear.

For the war-wounded, too
In addition to his concerted efforts to 

improve treatment options for victims of 
pressure ulcers, Vince has also turned his 
attention to patients on the battlefield.

There, the existence of a superior blood-
clotting bandage can mean the difference 
between life and death. More than 90 per 
cent of all combat deaths occur before 
the injured reach a field hospital, many of 
them a result of runaway hemorrhaging, 
or blood loss.

While a handful of coagulant-induc-
ing bandages are already on the market, 
there’s always room for improved technol-
ogy that boasts greater comfort and lower 
cost.

Turn again to chitosan, a true natural 
wonder. In addition to its antibacterial qual-
ities, the shrimp-based compound is also a 
natural clot promoter. Dressings modified 
with it are currently available to members 
of the US military, but Vince is working to 
engineer them to be less brittle and more 
homogeneously formulated.

Cotton is ideal for dressings because 
it’s soft, pliable, and a ready substrate for 
locking in health-promoting compounds. It 
also, as Vince sees it, opens the door to 
the possibility of high-tech military cloth-
ing that could halt blood loss in a hemor-
rhaging event – providing protection that 
could prove as vital as any body armour.

Moving towards this goal, Vince has 
developed an improved method for more 
uniformly embedding chitosan in cotton 
fibres. He’s already turning out a variety 
of chitosan-laced cotton materials in his 
lab, including fabric for clothing, hospital 
sheeting, and gauze.

And by using digital imaging analysis, he 
and colleagues are gauging their progress, 

observing how well the materials perform 
when splattered with actual blood droplets. 
High-speed images are snapped, allowing 
the scientists to watch in slow motion as 
the modified cotton gauze helps red blood 
cells aggregate on the spot.

Like hospital bedsheets, though, any 
chemically amended clothing item would 
need to stand up to the rigours of wear 
and tear and multiple launderings. And, 
as for his hopes to develop bedsheets that 
can actually prevent chronic wounds, the 
hurdles are great too – especially given 
the many complex factors involved in the 
wounds’ formation.

But Vince isn’t discouraged. He re-
cently met with researchers at the US 
Army Soldier Systems Center in Natick, 
Massachusetts, to discuss his hemostatic 
technologies. He stays motivated by the 
possibility that one day, bacteria-fighting, 
blood-stopping textiles made from cotton 
might save a life.

J. Vincent Edwards is in the USDA-ARS Cotton 
Chemistry and Utilization Research Unit, 
Southern Regional Research Center,  
New Orleans, Ph: +1 (504) 286-4360,  
Fax: +1 (504) 286-4390.� n
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Chemist Nicolette Prevost treats cotton 
fabrics with a chitosan formulation, 
which is designed to confer blood-clotting 
and antibacterial properties on wound 
dressings and specialty garments.  
(Photo by Peggy Greb)

Technician Sarah Batiste observes a 
microtiter plate containing protease 
enzymes found in chronic wounds. 
The enzymes are trapped on specially 
designed cotton wound dressings being 
developed for patients with chronic 
wounds. (Photo by Peggy Greb)


